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When your critical welding require- 
ments demand a high quality, low 
alloy, gas-shielded, flux cored elec- 
trode, insist on specifying Select-Arc. 

Select-Arc offers an expanding lineup 
of over 50 premium wires specially 
designed for welding low alloy and 
high strength steels. Whatever your 
application - from bridge construction 
to oil exploration equipment, pressure 
vessels to petroleum plants, mining 
machinery to submarines, and so 
many others - we can provide the 

flat and horizontal or all position low 
alloy electrode that is ideally suited 
to handle your individual need. 

Select-Arc's comprehensive selection 
of low alloy electrode grades includes: 
• Nickel Bearing 
• Nickel-Molybdenum Bearing 
• Nickel-Molybdenum- 
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• Manganese-Molybdenum Bearing 
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at 1-800-341-5215 or visit our 
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Virtual Welding 
Train - Simulate - Perfect 
The welding education of the future has a name: Virtual Welding. Trainees 

learn to weld under realistic conditions of torch, work-piece and welding 

parameter combinations. The arc and weld seam are created based on the 

technique of the student and allows progressive improvement. 

Realistic, simulator based learning. Compact. Safer. Economical. 

Realistic 3D simulator 

Compact Space Saving Design 
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We were excited about being the job shop for providing the 
heavy-duty steel fabricated girders for the stadium seating 
sections of the Pittsburgh Steelers'Heinz Field. 

Steelers fans may not appreciate our specialty capabilities for 
heavy-duty fabrication, but steel fabricators and others pick 
us for project work because we're a valuable team player. 

Whether we're fabricating 38 specialized steel raker girders for the seating 

in the Pittsburgh Steelers stadium, a 12-foot by 129-foot long steel girder 

weighing 145,000 pounds for a Norfolk Southern railroad bridge, a transfer 

girder weighing 133 tons for an indoor swimming pool midway up a New 

York City high-rise, or other projects that require big and heavy capability, 

people turn to Greiner. Why? Because we have the facilities, the people 

and the certifications to deliver a job well done - time after time. And 

when the safety of more than 65,000 people at a Steelers game is on the 

line, we take our job as a steel fabricator very, very seriously. 

You can count on Greiner! 

for a free quote on your 

INDUSTRIES 
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EDITORIAL 

IIW 2012 - A World Welding 
Summit 

It's not too early to spread the word about an international event in the world of weld- 
ing that will soon be coming to the United States. The International Institute of Welding 
(IIW) will hold its 2012 Annual Assembly July 8-14, 2012, at the Hyatt Regency Hotel 
in Denver, Colo. It is an infrequent occurrence for IIW to meet in North America, and 
this upcoming meeting will provide a special opportunity for everyone involved in the 
welding industry to meet with their counterparts from all over the world. 

Though it is held every year, the IIW Annual Assembly has only come to the United 
States three times in the past 63 years (New York City, 1961; Boston, 1984; and San 
Francisco, 1997). The 2012 event in Denver presents a special opportunity for welding 
experts throughout North America to attend what can truly be described as a world weld- 
ing summit. In addition to meeting the world's most influential welding experts at the 
meetings, social events, and technical visits, you will have a chance to attend a major IIW 
International Conference on July 12 and 13, "Welding for Repair and Life Extension of 
Plants and Infrastructure." 

Many of the participants will also take advantage of this chance to tour the beautiful 
state of Colorado, with its four National Parks: Rocky Mountain, Mesa Verde, Great Sand 
Dunes, and Black Canyon of the Gunnison. Combine the IIW Annual Assembly with 
Colorado's magnificent outdoors in mid-summer, the state's most welcoming time of year. 

The International Institute of Welding was founded in 1948 by the welding institutes 
and societies of 13 countries (including the United States) to promote best joining prac- 
tices on a worldwide level. Another goal was to provide an international platform for the 
exchange of evolving welding technologies and applications. Today, with 54 member 
countries, IIW has become a global reference, providing a respected forum for informa- 
tion exchange about welding technology. The scope of IIW interest, through its 25 
Technical Commissions and Working Units, includes joining, cutting, and surface treat- 
ment of metals and nonmetals by means of welding, brazing, soldering, thermal cutting, 
thermal spraying, adhesive bonding, and microjoining. Allied fields covered by IIW work 
include quality assurance, nondestructive testing, standardization, health and safety, 
training, qualification, and design. 

The 2012 IIW Annual Assembly will be officially hosted by the IIW American 
Council, which consists of the American Welding Society, Edison Welding Institute, and 
the Welding Research Council. AWS has put together a dedicated planning committee 
of American Council members and other welding experts who are working hard to 
ensure the event will be an outstanding success. The planning committee is cochaired by 
Damian Kotecki and Tom Mustaleski, both of whom are AWS past presidents. Dr. 
Kotecki is also IIW treasurer, and AWS Executive Director Ray Shook currently serves 
as IIW vice president. 

My personal role on the planning committee is to raise funds to support the 2012 IIW 
Annual Assembly. Your role, or your company's, can be to become known internation- 
ally as a Bronze, Silver, Gold, or Platinum sponsor of the event. Even greater exposure 
is available by advertising your company's products or services in a special promotional 
magazine on the 2012 IIW Annual Assembly that will be sent with the AWS Welding 
Journal to its more than 67,000 subscribers all over the world. For more information on 
either of these opportunities, please contact me directly at brice@oki-bering.com. 

Further information about the 2012 IIW Annual Assembly is available online at 
www.iiw2012.com. Under continuous development, this Web site will be the place to go 

for sponsorship information, to learn about accompany- 
ing tours and social events, and to register to attend the 
Annual Assembly. 

The 2012 IIW Annual Assembly will truly be a world- 
class event in welding. Please plan now to be there, and to 

^_ support it in every way you can. We hope to see you in 
Denver in July 2012. 

William A. Rice 
^41^5 Vice President 
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1921. Prohibition was the law. Ragtime was the rage. 
And, two brothers were planning a revolution. 
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HARDFACING: 
A REVOLUTIONARY DEVELOPMENT 
Ninety years ago, no one had even heard of the concept. But, in a small 

shop in Whittier, California two brothers were experimenting with a new weld 

overlay process. The result was Stoody8 Rod, and hardfacing history began. 

A TRADITION OF INNOVATION 
Over the years, most of the major firsts in hardfacing technology would 

originate in one place - the Stoody laboratory. Impressive advances included 

Stoodite", the first cast hardfacing rod and Borium8, Stoody's trademark for 

the world's first tungsten carbide material for hardfacing. And, credit Stoody 

for the industry's first application of the submerged arc welding process. 

For Stoody, this unyielding dedication to the art and science of hardfacing 

applications engineering is more than just a proud tradition. It is the company's 

most enduring characteristic. And, it remains to this 

day the backbone of Stoody's success. 

THE REVOLUTION CONTINUES 
Today, Stoody hardfacing innovations include the world's 

most wear-resistant all position wire, non-chromium bearing consumables, 

and crack-free corrosion/erosion resistant overlays. 

For the company that invented hardfacing back in 1921 and pioneered 

the industry through the next eight decades, Stoody's commitment to customer 

satisfaction has never changed. Through imagination, dedication and revolutionary 

spirit, Stoody earned its reputation for innovation and industry leadership. Count 

on that same spirit to work for you today, delivering the finest and most cost 

effective solutions to your toughest wear problems. 

STOODY - A TRADITION OF QUALITY & INNOVATION IN HARDFACING APPLICATIONS 
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Call Stoody at 1-800-426-1888. 
Visit us at www.Stoody.com. 

Thermadyne Industries, Inc., Stoody Division • 5557 Nashville Rd, Bowling Green, KY 42101 
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WASHINGTON 
WATCHWORD 

BY HUGH K. WEBSTER 
AWS WASHINGTON GOVERNMENT AFFAIRS OFFICE 

New White House Manufacturing Position 
Created 

The new position of assistant to the president for manufac- 
turing policy was recently announced by the White House. This 
position is within the National Economic Council, which advises 
the president on U.S. and global economic policy and is consid- 
ered part of the executive office of the president. It's unclear 
whether this position is in addition to, or replaces, the senior ad- 
viser for manufacturing policy job within the Treasury Depart- 
ment that was created in late 2009 and has been generally known 
as the "manufacturing czar." There is also an assistant secretary 
of manufacturing and services within the Commerce Depart- 
ment. Regardless, it's assumed that an assistant to the president 
post will have enhanced influence and greater access to the 
president. 

Administration Seeking to Establish 
'Public Engagement Platform' 

The White House is developing a draft concept for what it's 
calling a "next-generation citizen consultation," namely a gov- 
ernment-wide software tool and process to elicit expert public 
participation. Tentatively named ExpertNet, this effort is intended 
to tap the expertise of the public in a manageable and structured 
format. The goal of ExpertNet is to enable government officials 
to search for and communicate with citizens who have expertise 
on a topic, giving them the opportunity to participate in a public 
consultation relevant to their areas of interest and know-how, 
and pose questions to and interact with the public to receive use- 
ful, relevant, and manageable feedback. 

More information is available at the White House blog, 
www. whitehouse.gov/blog. 

'Read the Bill,' Other Transparency Rules 
Adopted by Congress 

The U.S. House of Representatives has adopted a new rule 
that no bill may be voted on without being available online for at 
least three calendar days. The rule reads, "it shall not be in order 
to consider a bill or joint resolution which has not been reported 
by a committee until the third calendar day.. .on which such meas- 
ure has been publicly available in electronic formhttp 

Similar transparency rules have been approved for House 
Committees, such as requiring that the text of legislation to be 
marked up must be made public no less than 24 hours before the 
markup, and all committee hearings and markups must be web- 
cast and made available online. 

In the U.S. Senate, the long-standing practice of "secret holds" 
has been barred. This tactic allowed individual senators to anony- 
mously block any bill from proceeding. Under the new rule, sen- 
ators are required to publish their holds in the Senate Calendar 
and Congressional Record within two legislative days. In addition, 
so-called "truth-in-testimony" forms, which disclose sources of 
federal funding for witnesses in committee hearings, must be 
posted online within a day after a hearing. 

Two Proposed Regulatory Actions 
Withdrawn by OSHA 

The U.S. Occupational Safety and Health Administration 
(OSHA) has recently withdrawn, temporarily, two proposed reg- 

ulatory actions because of concerns about the potential impact 
on businesses. 

The more controversial is a proposal to restore a column for 
work-related musculoskeletal disorders (MSDs) on OSHA Form 
300, Log of Work-Related Injuries and Illnesses. While many em- 
ployers are already currently required to keep a record of work- 
place injuries and illnesses, including work-related MSDs, the 
vast majority of small businesses are not required to keep such 
records. According to the Bureau of Labor Statistics, MSDs ac- 
counted for 28% of all reported workplace injuries and illnesses 
requiring time away from work in 2009. 

OSHA also has withdrawn a proposed new interpretation of 
its existing Noise Standard. Late last year, OSHA proposed to 
require more employers to effect "administrative or engineering 
controls" to maintain noise at acceptable levels, rather than rely- 
ing on personal protective equipment, such as ear plugs and 
earmuffs. 

USCIS Reaches H-1B Limit 

H-1B visa petitions reached the statutory cap of 65,000 for 
fiscal year 2011 earlier this year, according to the U.S. Citizen- 
ship and Immigration Services (USCIS). This is several months 
later than previous years and is presumed to be a result of unfa- 
vorable economic conditions. H-1B visas are used by U.S. busi- 
nesses to hire skilled foreign workers. 

NIST Outlines Future R&D Grant Directions 

The National Institute of Standards and Technology (NIST) 
has issued a "Three-Year Plan" outlining the topics of possible fu- 
ture competitions for R&D funding under the agency's Technol- 
ogy Innovation Program (TIP). The research funding roadmap, 
which looks three years past the current fiscal year, proposes a 
range of TIP competitions in the fields of civil infrastructure, man- 
ufacturing, energy, health care, water resources, complex networks, 
and sustainability. 

The TIP provides cost-shared funding, on a competitive basis, 
for high-risk technology R&D that offers solutions to specific crit- 
ical national needs. 

The TIP Three-Year Plan is available at www.nist.govItipI 
upload/tip_programmatic_planjy2011 Jy20I4_0I_25_20II.pdf. 

Regulatory Impediments to Manufacturing 
Cited 

In response to a request from the House Oversight and Gov- 
ernment Reform Committee, several manufacturers and manu- 
facturing trade associations have identified those ongoing or 
pending regulatory programs they believe have the potential to 
create the greatest burden on U.S. manufacturers. Among those 
listed are Environmental Protection Agency initiatives to regu- 
late greenhouse gases, tighten regulation of industrial and com- 
mercial boilers, and reconsider the National Ambient Air Stan- 
dards. A current effort by the Occupational Safety and Health 
Administration to mandate a standard for employer safety and 
health programs was also highlighted. 

The salutary effects of these initiatives will also be weighed 
by the House Committee to determine if the burden on manu- 
facturing is unnecessarily high.^ 

Contact the AWS Washington Government Affairs Office at 
1747 Pennsylvania Ave. NW, Washington, DC 20006; e-mail 
hwebster@wc-b.com,- FAX (202) 835-0243. 
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Richard Self 

PRESS TIME 
NEWS 

Seif Joins American Welding Society 

The American Welding Society, Miami, Fla., has en- 
gaged Richard Seif, recently retired from The Lincoln Elec- 
tric Co., Cleveland, Ohio, as special assistant to the execu- 
tive director. Seif will work on behalf of AWS to expand 
and facilitate international growth for the Society's prod- 
ucts and services; assist the AWS Foundation in its welding 
workforce development activities; promote and develop the 
AWS Certified Welding Sales Representative program; and 
other related responsibilities. 

"We are extremely pleased to have Dick Seif join us," 
said Ray Shook, AWS executive director. "He is well known 
and highly respected throughout the welding industry, and 
he brings a proven background in marketing innovation to 
the position." 

Seif served The Lincoln Electric Co. for 40 years, most 
recently as senior vice president, global marketing and product development. Joining 
the firm in 1971, he held several positions of increasing responsibility, including vice 
president of sales and marketing, Lincoln U.S., and president, Lincoln Canada. He holds 
a bachelor of science degree in electrical engineering and master of business adminis- 
tration from Michigan State University. 

Ohio State Researchers Invent Chromium-Free Alloy 

A new nickel alloy consumable invented by Gerald Frankel and John Lippold, pro- 
fessors of materials science and engineering at The Ohio State University, was devel- 
oped to lessen welders' risk of breathing toxic fumes on the job. It was developed to aid 
military and commercial welding personnel who work in tight spaces. 

During tests, welds made with the consumable proved just as strong and corrosion 
resistant as welds made with commercial stainless steel consumables. When melted, the 
alloy does not produce hexavalent chromium fumes. Frankel and Lippold have begun 
further testing of their alloy with Euroweld, Ltd., Mooresville, N.C. The university will 
license the alloy and its applications. 

The university has three issued U.S. patents and a pending European patent applica- 
tion covering a series of alloys, based on nickel and copper but with no chromium. 

The research was funded by the Strategic Environmental Research and Develop- 
ment Program, a partnership of the Department of Defense, the Environmental Protec- 
tion Agency, and the Department of Energy. 

For more information, read "A New Chromium-Free Welding Consumable for Join- 
ing Austenitic Stainless Steels," on page 63-s of this Welding Journal. 

Matheson K-Air India to Invest $100 Million, Build Plant 

Matheson K-Air India Private Limited, a joint venture between Matheson Tri-Gas, 
Inc., an American Welding Society Sustaining Company Member, and K-Air India Pri- 
vate Limited, will undertake a series of investments totaling in excess of $100 million. 
This includes constructing a new, 200 ton per day air-separation plant in Pune, India. 
Expected to be fully operational by December 2012, it will produce liquid oxygen, nitro- 
gen, and argon for delivery to end-user customers and distributors located primarily 
within a 300-km radius of the facility. 

Genesis Plastics Welding to Expand Facility, Create Jobs 

Genesis Plastics Welding will expand its operations in Fortville, Ind., creating up to 
54 new jobs by 2014. The company plans to invest more than $3.3 million to add 50,000 
sq ft of production space at its existing facility. Currently, Genesis is accepting applica- 
tions for production workers and plant supervisors; visit www.genesisplasticswelding.com 
for contact information. 

In addition, the Indiana Economic Development Corp. offered the company up to 
$340,000 in performance-based tax credits based on its job creation plans. Construction 
is scheduled to be completed by December.^ 
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NEWS OF THE 
INDUSTRY 

What's Happening in Welding Education 
Mohave Community College's Welding 
Program Upgrades Equipment, Facilities 

Buddy May, Mohave Commu- 
nity College's resident welding 
faculty member, poses in front of 
new welding booths at the Neal 
Campus-Kingman, Ariz., loca- 
tion. There are 12 dual work sta- 
tions with ventilation systems, 
creating a student capacity of 24. 
(Photos courtesy of Mohave 
Community College.) 

A student practices welding tech- 
niques using energy-efficient 
equipment available in the col- 
lege's renovated welding lab. 

Welding students at Mohave Community College (MCC), 
Neal Campus-Kingman, Ariz., will soon be able to take Ameri- 
can Welding Society (AWS) qualification tests in addition to earn- 
ing their degree. 

Buddy May, formerly a welder in the U.S. Navy, is the new 
full-time welding technology faculty member. He's an AWS Cer- 
tified Welding Educator and Certified Associate Welding Inspec- 
tor. By this spring, he's expecting to achieve the AWS Certified 
Welding Inspector status that will enable MCC to establish a 
welding qualification testing center at the campus. 

Welding program revisions for the current spring semester in- 
clude upgraded equipment and facilities where hands-on instruc- 
tion takes place. Also, starting with its upcoming fall semester, 
there will be curriculum changes to fit the requirements of AWS 
standards. 

"By aligning the curriculum at MCC with the AWS certifica- 
tions, students will earn a certificate from the college and in- 
crease their probability of passing the exam for an AWS welding 
certification that is accepted worldwide," said MCC President 
Michael Kearns. 

The program is also designed to build on tech prep and dual- 
enrollment credits earned in high school for transfer into com- 
munity college career and technical education pathways. 

Facilities and equipment improvements were made possible 
by Perkins Grant funds and an Intergovernmental Agreement 
between the college and Western Arizona Vocational Education 
Joint Technological Education District. 

All students currently enrolled in the welding program have 

an option of completing it as originally outlined or transitioning 
into the new program and testing for AWS qualifications. 

"Students who enter the program this fall will be able to com- 
plete a welding certificate in two semesters or an associate of ap- 
plied science degree in four," said Andra Goldberg, career and 
technical education coordinator for MCC's Neal Campus-King- 
man. Both will incorporate AWS qualification preparation. 

University of Texas Receives $2-Mllllon Gift 
for New Engineering Program 

The University of Texas at El Paso (UTEP) is expected to 
launch its Leadership Engineering Program by fall 2012. It in- 
cludes a broad-based curriculum of engineering design, project 
management and innovation, along with an emphasis on busi- 
ness, communication, ethics, and social science. 

A combined $2-million gift — from UTEP alumni Bob Mal- 
one, president and CEO of First National Bank of Sonora, Tex., 
and his wife, Diane, and Halliburton, a provider of products and 
services to the energy industry — will fund the program's devel- 
opment and scholarships for engineering students. 

"The overarching goal is graduation of a new pedigree of qual- 
ified engineers with the professional skills, business acumen and 
strategic foresight, in addition to engineering prowess, to meet 
the needs of industry in the 21st century," said Dr. Richard 
Schoephoerster, dean of the College of Engineering. 

The program will educate engineers with a liberal-technical 
approach, featuring a curriculum to capture the interest and imag- 
ination of talented, young leaders to turn their ideas into reality. 

Genesis Systems Group Establishes 
Robotic Welding, Engineering Scholarship 

Genesis Systems Group, Davenport, Iowa, an independent U.S. 
robotic workcell integrator, recently announced a new scholarship 
through an agreement with Western Illinois University (WIU)- 
Quad Cities Engineering Program and Scott County Schools. 

The Andy Zinn-Genesis Systems Group scholarship is de- 
signed to encourage, support, and award students interested in a 
robotic welding systems and engineering career. One $2500 schol- 
arship will be awarded annually and is renewable for four years 
for a total of $10,000. It's intended the company will award one 
four-year scholarship each year for four years. 

Requirements include the following: Students must be gradu- 
ates of a high school in Scott County, Iowa; complete the job 
shadowing program with Genesis Systems Group before high 
school graduation; and be enrolled in Project Lead the Way 
courses or a vocational area of study, WIU's linkages program 
with Eastern Iowa Community College or Black Hawk College 
for the first two years of college, and WIU-Quad Cities for the 
third and fourth years. 

Visitwww.genesis-systems.com orwiu.edu/scholarships for more 
information. 

Monroe County Community College to Build 
Career Technology Center 

The Board of Trustees for Monroe County Community Col- 
lege (MCCC), Monroe, Mich., voted unanimously to make $8.5 
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million available, through funds held in reserve and gifts it has 
received, for the college's 50% match to construct a 71,300-sq-ft 
Career Technology Center. 

The facility will provide infrastructure to support classrooms 
and lab space required to deliver instruction and skills necessary 
to secure high-demand jobs. It will allow updating and expand- 
ing existing programs now housed in the East and West Technol- 
ogy buildings, including welding, nuclear engineering, computer- 
aided drafting and manufacturing, electronics, and automotive 
engineering. Also, it will provide facilities and equipment neces- 
sary for developing advanced manufacturing, alternative ener- 
gies, and sustainable/green technologies programs. 

The facility's total authorized cost is $17 million, with $8,499,800 
coming from the State Building Authority, $8.5 million from MCCC, 
and $200 from the state general fund. It's anticipated construction 
will begin in July with occupancy in September 2012. 

Thermadyne® Starts Education Initiative, 
Sponsors Student Career Day Program 

Thermadyne® Industries, St. Louis, Mo., is launching its "Carry 
the Torch" program in support of educators and their students. 

"At Thermadyne, we are committed to helping build the fu- 
ture of this industry, not only to crafting better and safer equip- 
ment, but to the people who will use them...the next generation 
of welders," said Joe Mueller, vice president, sales and market- 
ing. The program includes educational discounts on initial orders 
for products and consumables from all of the company's brands. 

In addition, the company has become a sponsor of Student 
Career Day program at Autorama and World of Wheels events, 
which are part of Summit's Performance Equipment Show Car 
Series seeking to introduce high school, vocational, and college 
automotive students to the aftermarket hot rod industry. 

Student Career Day events will take place in 25 cities during 
the 2010/2011 show season where students are exposed to oppor- 
tunities in the specialty automotive aftermarket industry. 

"Working on custom cars and hot rods is an exciting job that 
can be a fulfilling way to demonstrate your talents and creativity. 
And, in addition to being a fulfilling job, it is a very marketable 
one," added Mueller. 

Worthington Industries, Gestamp to Form 
Venture for Wind Tower Manufacturing 

The Energy Group subsidiary of Worthington Industries, Inc., 
Columbus, Ohio, signed a memorandum of understanding with 
Gestamp Renewables group to create a 50-50 joint venture. 
Gestamp Worthington Wind Steel, LLC, will focus on producing 
towers for wind turbines constructed in the North American mar- 
ket. The partners also identified 30 acres in Cheyenne, Wyo., as 
the site of the initial production facility and anticipate employ- 
ing 150 people when fully operational. 

The venture expects to begin shipments of 80-100-ft-long tower 
sections in the first quarter of 2012. The proposed facility will pro- 
duce utility-scale towers for 2.0- to 3.0-MW wind turbines. Initial 
plans call for production of more than 300 towers per year. 

insituform Technologies Awarded Contract 
for Pipeline Coating and Welding Services 

Insituform Technologies, Inc., St. Louis, Mo., recently an- 
nounced its subsidiary. The Bayou Companies LLC, has been 
awarded a contract with Air Products and Chemicals, Inc., a hy- 
drogen producer. The company will provide corrosion and con- 
crete weight coatings, double joint welding, and logistic support 
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Insituform Technologies will provide corrosion and concrete weight 
coatings, plus double joint welding, on a new hydrogen pipeline in 
the Gulf Coast. Shown are the company's pipeline welding services 
in action. (Photo courtesy of Insituform Technologies, Inc.) 

on more than 180 miles of 18-in. steel pipe for use on a new 
hydrogen pipeline in the Gulf Coast. 

It's expected Bayou will begin work on the project by the end 
of the first quarter of 2011, continue work through the end of the 
third quarter 2011, and the pipeline will be in service by 2012. 

"With high-quality coating capabilities, more than 280 acres 
of storage, access to rail, truck and barge loading or unloading. 

and extensive experience in welding. Bayou is committed to the 
successful completion of this project," said Jerry Shea, president 
of The Bayou Companies. 

ThyssenKrupp, Christian Pohi Suppiy 
Steei for One Worid Trade Center 

The corners of the new One World Trade Center's facade will 
be edged with stainless steel made in Germany. 

ThyssenKrupp Nirosta, Krefeld, produced the material at its 
Dillenburg plant using a rolling and heat-treatment process. 

Christian Pohl GmbH, 
Cologne, fabricated the ma- 
terial into facade elements 
for the center's corners, 
some 250 tons in total. 

The 1 x 4 m facade ele- 
ments are made from corro- 
sion-resistant, chromium- 
nickel-molybdenum stain- 
less steel Alloy Nirosta 4404 
with a textured finish. In- 
stallment began recently. 

The One World Trade Cen- 
ter, formerly named the Free- 
dom Tower, is under con- 
struction on Ground Zero in 
New York. The comers of the 
skyscraper's facade will be 
edged with stainless steel. 
(Photo courtesy of emporis.) 
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The One World Trade Center's construction is managed by 
Tishman Construction Corp. of New York. The building's gross 
area will be 3.5 million sq ft. The total height of the structure, in- 
cluding antenna, will be 1776 ft. 

The outer facade of the skyscraper will be made of glass. Above 
the 200-ft-high base, metal frames surrounding the glass panes 
will be clad with stainless steel panels. The building's edges ro- 
tate through an angle of 45 deg from the base upward. The final 
architectural design of the building now under construction was 
drawn up in the New York office of the international architec- 
tural firm Skidmore, Owings & Merill. 

Industry Notes 

• Joining Technologies, a laser cladding, electron beam, and laser 
welding applications innovator, launched a laser additive man- 
ufacturing division and entered into a cooperation agreement 
with Fraunhofer Institute for Laser Technology. The resulting 
partnership is the Joining Technologies Research Center. 

• Spitzer Industries, Inc., Houston, Tex., completed acquiring 
Advanced Inspection Technologies, also based in Houston, fur- 
thering the company's fabrication potential with deeper weld- 
ing engineering and technology capabilities. 

• Northwest Pipe Co. plans to expand its Atchison, Kans., mill 
facility that is home to one of three Tubular Products Group 
locations. Anticipated to be complete by the fourth quarter of 
2011, this will enable product production up to 0.375 in. wall. 

• Murray Perclval Co., a Midwest electronics distributor and 
process specialist that's a third-generation, family-owned busi- 
ness, is celebrating its 50th year as a supplier to the industry. 

• C. & E. FEIN GmbH, Germany, a power tool manufacturer. 

is acquiring Jancy Engineering, Inc., Davenport, Iowa, a 
core drilling tool firm. Jancy will remain under its current 
management. 
A partnership between manufacturer Torchmate, Reno, Nev., 
and retailer 4 Wheel Parts is putting automated metal-cutting 
machinery into storefronts across the nation. 
Precision Welding Supply, Coatesville, Pa., is now the East 
Coast factory-authorized warranty repair station for the com- 
plete MK Products orbital welding supply line. 
Seconn Fabrication, Waterford, Conn., recently announced the 
latest addition to its family of companies. Solar Fabricators. 
The Lincoln Electric Co.'s virtual reality welding system, 
VRTEX® 360, has been recognized by the International In- 
stitute of Welding with its 2011 Heinz Sossenheimer Award. 
ProlamsaUSA, Houston, Tex., a tubular shape producer, has a 
new Web site at www.prolamsausa.com offering users regis- 
tered to its Linkedln section a flow of industry news. 
Airgas, Inc., Radnor, Pa., signed a three-year agreement with 
TDIndustries, Dallas, Tex., for industrial gases, welding and 
safety products, leased safety equipment from Oilind Safety, 
and leased welding equipment, welder certification trailers, 
generators, and compressors from Red-D-Arc Welderentals. 
Industrial Scientific's primary design and commercial facility 
is now at its leased 35,000-sq-ft space within the Oncology 
Nursing Society Building in RIDC Park West, Pittsburgh, Pa. 
Orbitform Group, Jackson, Mich., received ISO 9001:2008 
Quality Management certification for the design and manu- 
facture of orbital forming, fastening, joining, conveyor systems, 
and assembly equipment. 
Plant engineering specialist Kemper is expanding automation 
activities with creating a new business for warehouse, automa- 
tion, and control technology in Liinen, Westphalia, Germany.4 
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ALUMINUM 
Q&A BY TONY ANDERSON 

Qj I have often heard aluminum de- 
scribed as a material that has very good 
corrosion resistance. What are the facts 
associated with aluminum and corrosion? 

Al The corrosion behavior of aluminum 
and its alloys is a very broad subject. In 
this column, I will try to provide a brief 
overview. 

The General Principles of 
Aluminum's Corrosion 
Resistance 

Aluminum is described as having out- 
standing corrosion resistance because of 
the oxide film that adheres strongly to its 
surface and, that if damaged, re-forms im- 
mediately in most environments. On a sur- 
face freshly abraded and then exposed to 
air, the oxide film is only around 1 nm 
thick. The oxide film, even at this very lim- 
ited thickness, is highly effective in pro- 
tecting the aluminum from corrosion. The 
oxide film that develops on aluminum in 
ordinary atmospheres grows to thick- 
nesses much greater than 1 nm and is com- 
posed of two layers. The inner oxide that 
is next to the metal is a compact, amor- 
phous barrier layer whose thickness is de- 
termined entirely by the temperature of 
the environment. 

At any given temperature, the limiting 
barrier thickness is the same in oxygen, 
dry air, or moist air. Covering this barrier 
layer is a thicker, more permeable outer 

layer of hydrated oxide. The natural film 
on aluminum can be visualized as the re- 
sult of a dynamic equilibrium between op- 
posing forces — those tending to form the 
compact barrier layer and those tending 
to break it down. 

If the destructive forces are absent, as 
in dry air, the natural film will consist only 
of the barrier layer that forms quickly to 
the limiting thickness. If the destructive 
forces are too strong, the oxide will be hy- 
drated faster than it is formed and little 
barrier will remain. Between these ex- 
tremes, where the opposing forces reach 
a reasonable balance, relatively thick (20 
to 200 nm) natural oxide films are formed. 

The conditions for thermodynamic sta- 
bility of the oxide film are expressed by 
the Pourbaix (potential vs. pH) diagram 
featured in Fig. 1. As shown, aluminum is 
passive (protected by its oxide film) in the 
pH range of about 4 to 8.5. However, the 
limits of this range vary somewhat with 
temperature, the specific form of oxide 
film present, and the presence of sub- 
stances that can form soluble complexes 
or insoluble salts with aluminum. 

Pitting Corrosion 

Corrosion of aluminum 
in the passive range is local- 
ized, usually manifested by 
random formation of pits. 
The pitting potential princi- 
ple establishes the condi- 
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tions under which metals in the passive 
state are subject to corrosion by pitting. 

For aluminum, pitting corrosion is 
most commonly produced by halide ions, 
of which chloride is the most frequently 
encountered in service. Pitting of alu- 
minum in halide solutions open to the air 
occurs because, in the presence of oxygen, 
the metal is readily polarized to its pitting 
potential. 

Generally, aluminum does not develop 
pitting in aerated solutions of most non- 
halide salts because its pitting potential 
in these solutions is considerably more 
noble (cathodic) than in halide solutions 
and it is not polarized to these potentials 
in normal service. 

Solution Potentials 

Because of the electrochemical nature 
of most corrosion processes, relationships 
among solution potentials of different alu- 
minum alloys, as well as between poten- 
tials of aluminum alloys and those of other 
metals, are of considerable importance. 
Furthermore, the solution potential rela- 
tionships among the microstructural con- 
stituents of a particular alloy significantly 
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Fig. 1 — Pourbaix diagram for aluminum with an A^Oj 3H2O 
film at 75°F (25°C). Potential values are for the standard hydrogen 
electrode (SHE) scale. 

Fig. 2 — Effect of principal alloying elements on the elec- 
trolytic solution potential of aluminum. Potentials are for 
solution-treated and quenched high-purity binary alloys in 
a solution of 53 g/L NaClplus 3 g/L H2O2 at 250C (75°F). 
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affect its corrosion behavior. Compositions 
of solid solutions and additional phases, as 
well as amounts and spatial distributions 
of the additional phases, may affect both 
the type and extent of corrosion. 

The solution potential of an aluminum 
alloy is primarily determined by the com- 
position of the aluminum-rich solid solu- 
tion, which constitutes the predominant 
volume fraction and area fraction of the 
alloy microstructure. Solution potential is 
not affected significantly by second-phase 
particles of microscopic size, but because 
these particles frequently have solution 
potentials differing from that of the solid 
solution matrix in which they occur, local- 
ized galvanic cells may be formed between 
them and the matrix. Since most of the 
commercial aluminum alloys contain ad- 
ditions of more than one of these ele- 
ments, effects of multiple elements in 
solid solution on solution potential are ap- 
proximately additive. The amounts re- 
tained in solid solution, particularly for 
more highly alloyed compositions, depend 
highly on fabrication and thermal process- 
ing so that the heat treatment and other 
processing variables influence the final 
electrode potential of the product. The 
effect of principal alloying elements on 
solution potential of high-purity alu- 
minum are shown in Fig. 2. 

Intergranular Corrosion 

Intergranular (intercrystalline) corro- 
sion is selective attack of grain boundaries 
or closely adjacent regions without appre- 
ciable attack of the grains themselves. In- 
tergranular corrosion is a generic term 
that includes several variations associated 
with different metallic structures and ther- 
momechanical treatments. Intergranular 
corrosion is caused by potential differ- 
ences between the grain bodies. The lo- 
cation of the anodic path varies with the 
different alloy systems. 

In the 2xxx series alloys, it is a narrow 
band on either side of the boundary that 
is depleted in copper. In the 5xxx series 
alloys, it is the anodic constituent Mg2Al3 
when that constituent forms a continuous 
path along a grain boundary. In the cop- 
per-free 7xxx series alloys, it is generally 
considered to be the anodic zinc and mag- 
nesium-bearing constituents on the grain 
boundary. In the copper-bearing 7xxx se- 
ries alloys, it appears to be the copper- 
depleted bands along the grain boun- 
daries. The 6xxx series alloys generally re- 
sist this type of corrosion, although slight 
intergranular attack has been observed in 
aggressive environments. 

Strain-hardened 5xxx series alloys that 
contain more than 3% Mg are rendered 
susceptible to intergranular attack (sensi- 
tized) by certain manufacturing conditions 
or by being subjected to elevated temper- 

atures above 150oF. This is the result of the 
continuous grain boundary precipitation 
of the highly anodic Mg2Al3 phase, which 
corrodes preferentially in most corrosive 
environments. 

Stress Corrosion Cracking 

Only aluminum alloys that contain ap- 
preciable amounts of soluble alloying el- 
ements, primarily copper, magnesium, sil- 
icon, and zinc, are susceptible to stress 
corrosion cracking (SCC). For most com- 
mercial alloys, tempers have been devel- 
oped that provide a high degree of immu- 
nity to SCC in most environments. 

Atmospheric Corrosion 

Most aluminum alloys have excellent 
resistance to atmospheric corrosion (often 
called weathering), and in many outdoor 
applications, such alloys do not require 
shelter, protective coatings, or mainte- 
nance. 

Corrosion in Waters 

Aluminum alloys of the Ixxx, 3xxx, 
5xxx, and 6xxx series are resistant to cor- 
rosion by many natural waters. The more 
important factors controlling the corro- 
sivity of natural waters to aluminum in- 
clude water temperature, pH, and con- 
ductivity, availability of cathodic reactant, 
presence or absence of heavy metals, and 
the corrosion potentials and pitting po- 
tentials of the specific alloys. 

Conclusion 

The above is a limited description of 
some issues associated with this very 
broad and complex subject. There are 
many other areas associated with alu- 
minum corrosion behavior.4 
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American Welding Society 

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 Tr/Zo^. 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, 2011. The Committee looks 
forward to receiving numerous Fellow nominations for 2012 consideration. 

Sincerely, 

Thomas M. Mustaleski 
Chair, AWS Fellows Selection Committee 
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Independent Can Company 
Inweld Corporation 
The Irene & George A. Davis Foundation 
Jackson Safety 
John Tillman Co. 
Kirk Foundation 
Kobelco Welding of America, Inc. 

The Lincoln Electric Company 
The Lincoln Electric Foundation 
MK Products, Inc. 
Mathey Dearman 
Matsuo Bridge Co. Ltd. 
Miller Electric Mfg. Co. 
Mountain Enterprises, Inc. 
National Electric Mfg. Association 
National Welders Supply Company 
Navy Joining Center 
Nelson Stud Welding 
NORCO, Inc. 
OKI Bering 
ORS NASCO, Inc. 
OXO Welding Equipment Company 
Pferd, Inc. 
Praxair Distribution, Inc. 
Prince & Izant Co. 
Resistance Welder Manufacturers' 
Association 
Roberts Oxygen Company, Inc. 
Saf-T-Cart 
Select-Arc, Inc. 
SESCO 
Shawnee Steel & Welding, Inc. 
Shell Chemical LP - WTC 
Sky Cylinder Testing, Inc. 
Thermadyne Holdings Corporation 
TH-Tool, Inc. 
TWnity Industries, Inc. 
Uvex Safety, Inc. 
Webster, Chamberlain & Bean 
Weld-Aid Products 
Weld-Ed 
Weld Tooling/Bug-O Systems 
Weldstar Company 
WESCO Gas & Welding Supply, Inc. 
Western Enterprises 
Wolverine Bronze Company 



Services and Programs Offered by the AWS Foundation 

Howard E. and Wilma J. Adkins Memorial Scholarship 
Airgas - Jerry Baker Scholarship 
Airgas - Terry Jarvls Memorial Scholarship 
Arsham Amirikian Engineering Scholarship 
Jack R. Barckhoff Welding Management Scholarships 
D. Fred and Marian L. Bovie National Scholarship 
D. Fred and Marian L. Bovie Technical Scholarship 
Edward J. Brady Memorial Scholarship 
William A. and Ann M. Brothers Scholarship 
ESAB Welding & Cutting Products Scholarship 
Donald F. Hastings Scholarship 
Donald and Shirley Hastings Scholarship 

William B. Howell Memorial Scholarship 
Hypertherm - International HyTech Leadership Scholarship 
John C. Lincoln Memorial Scholarship 
Matsuo Bridge Company, Ltd. of Japan Scholarship 
Miller Electric Mfg. Co. Scholarships 
Miller Electric World Skills Competition Scholarship 
Past Presidents Scholarship 
Robert L. Peaslee-Detroit Brazing and Soldering Division Scholarship 
Praxair International Scholarship 
Resistance Welder Manufacturers'Association Scholarship 
James A. Turner, Jr. Memorial Scholarship 

O. J. Templet - Baton Rouge Section Named Scholarship 
Amos and Marilyn Winsand - Detroit Section Named Scholarship 
Dietrich and Betty Roth Scholarship Fund 
George Kampschafer - Houston Section Named Scholarship 
Dr. Daryl Morgan - Houston Section Named Scholarship 
Ronald Theiss - Houston Section Named Scholarship 
Ron VanArsdale - Houston Section Named Scholarship 
Paul O'Leary - Idaho/Montana Section Named Scholarship 
Lehigh Valley Professor Robert Stout Section Scholarship 

Ronald C. and Joyce Pierce - Mobile Section Named Scholarship 
Shelton L. Ritter - New Orleans Section Named Scholarship 
Northwest Section Named Scholarship 
James W. Gardner - Ozark Section Named Scholarship 
Puget Sound Section Named Scholarship 
Tri-Tool, Inc. - Sacramento Section Named Scholarship 
Lou DeFreitas - Santa Clara Valley Section Named Scholarship 
Donald and Jean Cleveland - Willamette Valley Scholarship 

District 3 Named Scholarship 
Shirley Bollinger - District 3 Named Scholarship 
Bill Myers - District 6 Named Scholarship 
Ed Cable - Bug-O Systems District 7 Named Scholarship 
AWS-Detroit Section, District 11 Fred Ellicott Scholarship 

for Arc Welding 
AWS-Detroit Section, District 11 Dietrich Roth Scholarship 

for Resistance Welding 

DVD of the top stars of welding, starring Jessi Combs, Troy 
Trepanier, and Bryan Fuller, with a special appearance by Jay Leno 

Forging the future in welding A guide for students, parents, 
teachers, and career-changers 

Gold Collar Scholarship 
Robert L. O'Brien Memorial Scholarship 
Ted B. Jefferson Scholarship 
Thermadyne Industries Scholarship 

Glenn J. Gibson Fellowship Miller Electric Fellowship 

A joint application through a partnership between a 
company(s) and an education & training institution(s) to 
recruit and train entry level welders or to provide welders with 
specific specialized training to assist welder workforce needs for 
a specific company(s) 

Discover the exciting world of Careers in Welding. 

The Miller Electric Manufacturing Company established this $40,000 
scholarship in 1995 to recognize and provide financial assistance to 
contestants representing the United States in the World Skills 
Competition. To qualify, an applicant must advance through the 
national SkillsUSA Competition. The 3 SkillsUSA competitors 
qualifying the highest advance on to the next phase of the selection 
process that culminates at the SkillsUSA Championships in Kansas 
City, MO. The SkillsUSA winner at the US Open Weld Trials 
represents the United States at the World Skills Competition held 
worldwide every other year. 

Joe Young 1999 Ray Connolly 
Chance Polio 1997 Glen Kay III 
Joel Stanley II 1995 Branden Muehlbrandt 
Miles Tilley 1993 Nick Peterson* 
Dien Tran 1991 Robert Pope* 

*1991 and 1993 recipients received alternate 
scholarship funds, which were prior to the start of 
the Miller Electric Mfg. Co. Scholarship. 

A publication to guide students to welding 
career opportunities. 

Foundation, Inc. 
Building Welding's Future through Education 

Welding for the Strength of America 
The Campaign for the American Welding Society Foundation 

The Mission of the AWS Foundation is to meet the needs for 
education and research in the field of welding and related 
joining technologies. 

We greatly appreciate the hundreds of individuals and companies who 
support the industry's future by contributing to the Foundation's educational 
programs, which provide scholarships and fellowships to students pursuing a 
career within welding or related materials joining sciences. 



BRAZING 
Q&A BY DAN KAY 

Q: I am thinking about using a Ni-Cr-P 
braze alloy, such as AWS BNi-6, BNi-7, or 
BNi-12, in order to join some Ni-based In- 
conel® superalloys, as well as for brazing 
some stainless steels such as Hastelloy® X 
and 410 stainless steel. Their low melting 
temperatures are attractive to me. Could 
such brazing be performed in a vacuum fur- 
nace? Is partial pressure required? 

A: First of all, you mention the joining 
of Ni-based superalloys, and then also 
mention joining "stainless steels such as 
Hastelloy X and 410 stainless steel." 

The nickel-based brazing filler metals 
(BFMs) containing phosphorus (BNi-6, 
BNi-7, and BNi-12) are very well suited for 
joining the nickel-based superalloys, such 
as any of the Inconels, etc., in which the 
base materials are primarily nickel and 
chromium. The phosphorus-containing 
Ni-BFMs have been used for many years 
in such applications (such as for nuclear 
grids, etc.) and have performed very well. 

However, when ferrous-based metals 
are involved, such as stainless steels, it is 
strongly recommended (from my own ex- 
perience as well) that you NOT use any 
phos-containing BFMs when you are try- 
ing to join them. The automotive people 
found this out when they tried to use phos- 
copper BFMs to join carbon-steel fuel 
rails back in the 1960s and 1970s. Field 
failures came fast! Phosphorus-containing 
BFMs have been banned from such fer- 
rous brazing for many years now. 

Metallurgically, phosphorus loves to 
react with the iron in these ferrous mate- 
rials to form iron-phosphides in the reac- 
tion zone in and near the brazed joint, and 
cross sections of joints (if very carefully 
made) can look great. The problem is that 
these iron-phosphides have no meaning- 
ful ductility, and can thus result in cracks 
through the brazed joint if the parts are 

subjected to any kind of service stresses 
due to thermal cycling, fatigue, shock, vi- 
bration, etc. Thus, phosphorus-containing 
BFMs are not to be recommended for use 
on any ferrous metals. 

The rare exception to this rule is when 
very thin, flexible sheet metal is involved, 
such as when brazing honeycomb materi- 
als. Because the sheet metal is very thin, the 
base metal sheet itself may be able to move, 
bend, etc., carrying the brazed joint along 
with it, and thus the joint would not have to 
directly handle all that movement and 
"abuse." But, when the base metals are 
thicker and much more massive, the brazed 
joints have to directly absorb all that shock. 
If any phosphides are present they could 
cause some real service problems. 

Let me also comment about atmos- 
pheres. Yes, brazing these materials in a 
vacuum is fine, and the use of an argon 
partial pressure is an acceptable option, 
but only if needed. Remember that the 
reason you are using a vacuum is to ex- 
clude a lot of the problems encountered 
with atmospheres, such as oxygen content 
(dewpoint issues), for example. Whenever 
you put a partial pressure of atmosphere 
into the furnace, you may also be "throw- 
ing water" into the chamber unless you 
carefully monitor the partial-pressure gas 
at the inlet to the vacuum furnace to be 
sure that its dewpoint is very low (usually 
-60oF or drier, when measured at the fur- 
nace). Piping the argon through a gas drier 
that is placed right at the furnace could 
also be very helpful. 

Another reason people use a partial 
pressure atmosphere in their vacuum fur- 
naces is to prevent some metallic con- 
stituents of the base metals or BFMs from 
outgassing in the furnace vacuum. This is 
often true when using a silver-based BFM in 
a vacuum furnace, or if the base metals 
being joined contain relatively high vapor- 

LETTERS TO THE 
EDITOR 

Reader Expands on Mendoza's Editorial 

I enjoyed AWS President John Mendoza's editorial in the January 2011 issue 
("Recapturing the Spirit of '76," on page 6, which focuses on the history and impor- 
tance of the AWS Certified Welding Inspector program). No doubt he didn't know that 
Butch Sosnin was the father of the qualification program. He was the instigator and 
driving force, being chairman of the Pipe Welding Committee at the time. He later be- 
came AWS president. 

Harry E. Broadbent 
Fort Lauderdale, Fla. 

pressure metals such as copper, silver, etc. 
Very high vapor pressure metals such as zinc 
should never be brazed in a vacuum fur- 
nace. The use of a partial pressure of argon, 
for example, may then be helpful in sup- 
pressing any outgassing of those high-vapor 
pressure materials. However, for most 
stainless steel brazing, or Inconel brazing, 
no added atmosphere is really needed when 
using standard BNi-type BFMs. 

One final thought regarding the use of 
any phosphorus-containing BFMs. Some 
people believe that using these low-melt- 
ing BFMs is a way to keep their furnace 
brazing costs down. Be careful! Remem- 
ber, metals will oxidize on their way up to 
brazing temperature, and this can be a real 
problem with any metals containing 
chromium (such as Inconels and many 
stainless steels). When brazing chromium- 
containing metals, you will need to go 
above approximately 1900oF/1050oC in 
order for any chromium oxides to be re- 
duced (dissociated) in a vacuum or atmos- 
phere furnace. Therefore, if you were to 
use a BNi-6 BFM (eutectic at 1610oF/ 
880oC) and use the standard guideline of 
brazing at approximately 100oF/50oC 
higher than the published liquidus of the 
BFM, you might be tempted to braze at 
temperatures just above 1700oF/930oC in 
your furnace. At such temperatures, the 
chromium oxides will not have been re- 
duced, and very poor brazing may result. 
In such cases, it would usually be necessary 
to pre-plate the chromium-containing 
metals with electrolytic nickel prior to 
brazing, so that the chromium oxides 
would not be able to form inside the joint 
between the faying surfaces.4 

This column is written sequentially by TIM P. 
HIRTHE, ALEXANDER E. SHAPIRO, and 
DAN KAY. Hirthe and Shapiro are members of 
and Kay is an advisor to the C3 Committee on 
Brazing and Soldering. All three have contributed 
to the 5th edition of AWS Brazing Handbook. 

Hirthe (timhirthe@aol.com) currently serves as 
a BSMC vice chair and owns his own consulting 
business. 

Shapiro (ashapiro@titanium-brazing.com) is 
brazing products manager at Titanium Brazing, 
Inc., Columbus, Ohio. 

Kay (Dan@kaybrazing.com), with 40 years of 
experience in the industry, operates his own braz- 
ing-training and consulting business. 

Readers are requested to post their questions for 
use in this column on the Brazing Forum section 
of the BSMC Web site www.brazingand 
soldering.com. 
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Devasco's high strength low 
alloy cored wires and covered 

electrodes not only provide high 
yield and tensile strengths, but 

also have excellent low 
temperature impact toughness 

with good operability. 

HSLA Products: 
YS140 

YS of 140ksi, is designed to join 
and repair steels of similar 

strength levels. 

14018 

UTS of 148ksi after PWHT, is 
used for joining and repair of 

ASTM A-148, A-757, HY-130, LQ- 
130 and similar steels. 

AMS6453B 

UTS of 267ksi, is FAA approved 
for the repair of aircraft landing 

gears. 

And Many More... 

Devasco manufactures over 800 

different filler metals, from hard 

surfacing and low alloy to stainless. 

Devasco's commitment to quality and 

meticulous selection of high-grade 

materials combined with an ingenious 

R&D team can give you the solution 

you deserve! 

www.devasco.com  •   info(a)devasco.com • 888-DEVASCO • 281-351-6555 

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



BOOK 
REVIEW BY A. F. MANZ 

Welding: A Jour- 
ney to Explore Its 
Past is a wonder- 
ful book about 
the history of 
welding written 
by Andre A. 
Odermatt, presi- 
dent and chair- 
man of the board 
of Hobart Insti- 
tute of Welding 
Technology. It 

takes us on a trip through time, in an easy- 
to-read text. 

It took a vast amount of research to 
write this book. There are more than 600 
photographs, many of them in color. It is 
printed on high-quality paper with an 
easy-to-read type and font size. The proof- 
readers did a very good job. I found only 
a few typos, of which I informed the au- 
thor privately. 

The text is presented in 11 major sec- 
tions: 1. Brazing, Soldering and Cutting; 
2. Gas Welding and Cutting; 3. Electric 
Welding; 4. Electroslag Welding; 5. Auto- 
matic Welding Processes; 6. Arc Welding 
Power Sources; 7. Resistance Welding; 8. 

Solid-State Welding; 9. Thermit Welding; 
10. Training of Welders; and 11. Welding 
Contributes to Society. The front matter 
includes a color chart of "Welding and 
Joining Processes," and another color 
chart of the "Historical Development of 
Welding Processes." The end pages of the 
book include "A Selected Chronology of 
Welding," a listing of "Historical Elec- 
trode Patents," and a reproduction of the 
New York Public Library's 1913 "List of 
Works Relating to Welding" as well as an 
extensive list of references. 

Inside the front and back covers is a 
time line chart of significant events in the 
history of welding. The time line runs from 
8000 BCE to 2003 CE. (For you old timers 
that is from 8000 EC to 2003 AD.) The 
chart also includes a few events in the his- 
tory of the Hobart Brothers Co. 

Its use as a reference text is severely 
hampered by the lack of an index. It also 
is hampered by the lack of individual iden- 
tification of the sources of the many pho- 
tos and figures. These omissions should 
be corrected if there is a reprinted edi- 
tion. These changes will make the text 
much more useful as a reference. 

There is extensive and helpful use of 

Midalley 

Technical Support 

6/. M •V 

Stainless Steel 

Nickel 

Low Alloy 

Flux Cored 

Submerged Arc Flux 

Welding Strip 

Cryogenic Stainless 

"^ 
Quality Cowsu1' 

^ 

Midalley 
St. Louis, Missouri 

800-776-3300 

Houston, Texas 
866 790 9058 

www.midalloy.com 

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

patent exhibits. Patents are a valuable 
source of historical data. In addition, Amer- 
ican Welding Society (AWS) definitions of 
the various welding and cutting process 
terms are presented at the beginning of 
each chapter and subsection. It would be 
helpful in the future to add the AWS ab- 
breviations for each of these definitions. 

Section 3.2, The Battle of Currents, 
shows a "Figure 3.2.1: Hippolyte Pixii AC 
generator 1832." This in fact is Pixii's ma- 
chine for generating DC. The rotating mag- 
net induces an alternating current in the 
coils shown at the top of the figure. The 
current is converted to pulsating direct cur- 
rent by the commutator shown, just below 
the U-shaped magnet. (See A History of 
Electricity and Magnetism by Herbert W 
Meyer, The MIT Press, Cambridge, Mass., 
©1977, pages 71, 72.) This correction is an 
example of how the inclusion of reference 
information, in future printings, would be 
helpful to historians. 

Section 3.10, Gas Metal Arc Welding, 
makes a subtle case for some Hobart em- 
ployees' role in the invention of gas metal 
arc welding (GMAW) at the Battelle Me- 
morial Institute of Columbus, Ohio, in the 
1940s. Over the years, many people played 
a part in the events that eventually led to 
the invention of GMAW. For example, H. 
D. Morton, U.S. Pat. 1,278,982, Septem- 
ber 17, 1918, had most of the elements 
needed to practice GMAW. However, he 
did not have the critical knowledge that 
at certain current levels and with certain 
wire diameters there is what we now call 
spray transfer or spray arc. The same is 
true of the work done at Battelle. It was 
the work of Muller, Gibson, and Ander- 
son at Airco (Air Reduction Co.) that re- 
sulted in U.S. Patent 2,504,868, April 18, 
1950. That patent is recognized as when 
GMAW, as is practiced around the world, 
was first described. 

This book will be a welcome addition to 
any welding library. If you enjoy welding 
and history, this book will give you many 
hours of pleasant reading. It is written in a 
readily understood manner and is loaded 
with interesting tidbits of welding lore.4 

Welding: A Journey to Explore Its Past, 
by Andre A. Odermatt, ©2010. Published 
by Hobart Institute of Welding Technology, 
400 Trade Square East, Troy, OH 45373, 
www.welding.org, (800) 332-9448. Price 
for hardcover (EW-807) $39.95, softcover 
(EW-806) $24.95 plus a shipping fee of $8. 
ISBN 978-1-936058-29-7. 

A. F. MANZ is a Fellow of the American 
Welding Society, Miami, Fla. 
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NEW 
PRODUCTS 

Welding Booths Improve Workspace Management 

A fabricated welding booth features workspace man- 
agement for training, educational, and vocational centers, 
as well as other stationary production welding applica- 
tions. It comes in two sizes, 5 x 5 ft and 6 x 6 ft, which meet 
AWS guidelines for booth width and depth. The steel-con- 
structed booth can be used as a stand-alone unit, or placed 
side by side and/or back to back in a multiple booth instal- 
lation. As an option, source capture weld fume control is 
available with a telescopic extraction arm made from 
scratch- and dent-resistant material that extends 40-80 in. 
in length and includes a 360-deg rotatable hood. The fol- 
lowing options are available: worktable with adjustable 
overhead welding bracket, welding curtain, tool shelves 
with torch holders, and lock box for personal items. 

The Lincoln Electric Co. 
www.ImcoIneIectric.com 
(888) 355-3213 

Pipe Beveling Machine 
Reduces Fit-Up Time 

foundation for high-quality welds and 
helps reduce weld defects. The tool hold- 
ers open design allows viewing of machine 
operations for simultaneous facing, bevel- 
ing, and counterboring operations. 

Steelmax Tools LLC 
www.steelmax.com 
(877) 833-5629 

Robot Protects Cabies and 
Hoses in Its Upper Arm 

grams is minimized by up to 90%, enabling 
faster transitions from weld to weld. It 
works in narrow spaces and has a swing 
base radius of 337 mm and base width of 
511 mm. For arc welding, the reduced risk 
of interference with other robots allows 
for high-density installations with 50% 
more robots, and up to 50% higher out- 
put from a production cell. It's available 
with the company's IRC5 robot controller. 

ABB Robotics 
www.abb.com/robotics 
(248) 391-9000 

Hand Shield Provides 1 
Barrier above Gloves 

in. 

The PRO 10PB/PBE portable pipe 
beveling machine, available in pneumatic 
or electric versions, bevels pipe diameters 
from 1.5 to 10 in. Its lightweight, compact 
design allows setup and operation by a sin- 
gle user. Using a self-centering, ID- 
mounted mandrel, it performs beveling, 
facing, counterboring, and J-groove weld 
preparation. Producing machined pipe 
ends allows for rapid fitup and welding. 
Consistent machined beveling provides a 

The IRB 2600ID, an arc welding robot 
that features an integrated dress pack de- 
sign, has a 2-m reach and 8-kg payload. It 
also offers a flexible conduit in its upper 
arm/wrist for routing the cables and hoses. 
The design provides 15% shorter cycle 
times and easier programming. In addi- 
tion, the time required for fine-tuning pro- 

The welding Gauntlet Glove, invented 
by AWS member Rick Dawson, provides 
hand protection by deflecting welding 
slag, molten steel, and hot embers. The 
aluminum shield dissipates heat, provides 
a 1-in. barrier above your gloves, and can 
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be worn on either hand. It weighs less than 
10 oz, with stainless steel flexible springs. 
The rectangular shape and ridges help 
guide your welding holder in horizontal 
or uphill positions. While wearing the 
product, users can better concentrate on 
controlling weld pool movement, bead 
width, and penetration. When welding in 
structural steel, with hot flux 232 core 
welding wires, it protects from excessive 
heat and ultraviolet light. Replacement 
shields are available as well. 

Tuff Mats 
www.weldinggauntlet.com 
(707) 462-1232 

Wheels Maintain Speed of 
Weid Cleaning Brushes 

The DUALLY™ stringer-bead wheels 
feature a dual-hex nut to eliminate inter- 
ference issues that might force users to re- 
move guards from their angle grinders. 
The patent-pending design features a nut 
with a hex on each side of the wheel that's 
tall enough to ensure adequate clearance 
on the tool. A stringer-bead twist puts the 
sharp wire tips at the end of the knot, so 
the wheels cut through slag, spatter, and 
oxidation. By utilizing heat-treated steel 
wire and a construction that virtually elim- 
inates knot movement, the product deliv- 
ers smooth operation and long life. 

Weiler Corp. 
www.weilercorp.com 
(800) 835-9999 

Biast Machine Utilizes 
Abrasive Recycling System 

The SH 1545 indexing spinner hanger 
removes scale, flashing, corrosion, rust, 

— continued on page 29 

Two new systems. Four new torches. 
Infinite possibilities. 

Introducing Hypertherm's new Powermax65® and 
Powermax85." Do more than ever before with the world's most 

advanced air plasma cutting and gouging systems. Whether it's mild 

steel, stainless steel or aluminum, in the factory or in the field, the 

new Powermax65 and Powermax85 will cut or gouge faster, 

thicker and easier. The new Duramax™ series torches give you the 

right tool for more types of jobs. And Smart Sense™ technology 

boosts efficiency by automatically adjusting gas pressure to the 

cutting mode and torch length. Check out the newest Powermax 

systems at www.powerfulplasma.com. 

MMIIIMUB UiCMiii 
Cut with confidence" 

MANUAL  PLASMA   I   MECHANIZED   PLASMA   I   AUTOMATION   I   LASER   I   CONSUMABLES 

For info go to www.aws.org/ad-index 
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Don't miss a beat. Don't miss a sale. 
Get certifiecLoA your own schedule and save! 
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seminar. 
In addition to online 
certification, training 
and examination tor 
the AWS Certified 
Welding Sales 
Representative 
program is also offered 
at convenient seminar 
sites, where you can 
benefit from shanng a 
classroom with your 
industry peers 
Training and testing 
can also be done at 
your place of business 
For more information, 
call AWS at 
1-800-443-9353 ext 
273. or visit 
www.aws.org/CWSR 

2011 Public 
Seminar/Exam Sites 

Custom onsite 
programs are also 

available. 

Miami 
May 4-6 

Atlanta 
Jun. 8-10 

Miami 
Aug. 24-26 

Indianapolis 
Sept 21-23 

Chicago (FABTECH) 
Nov. 14-16 

- continued from page 27 to the two, 7.5-hp, VC9 blast wheels. The 
machine is durable with each blast cham- 
ber constructed of manganese chrome 
alloy steel and lined with !4-in. manganese 
alloy liners. It also utilizes an abrasive re- 
cycling system with an air wash separator 
that cleans the abrasive prior to blasting. 

Viking Blast & Wash Systems 
www.vikingcorporation.com 
(800) 835-1096 

Palletizer Features Smaller 
Base, Heavy-Duty Springs 

and paint by indexing two, 15-in.-diame- 
ter x 45-in.-high work envelopes on a con- 
tinuous basis. As the chambers rotate, one 
compartment is blasted while the other is 
loaded with parts. These parts are pre- 
sented on a manganese rotating parts tree 
with a 185-lb capacity that exposes them 

The PalletPal level loader has been re- 
designed. A smaller base makes loading 
and unloading pallets faster, safer, and 
easier because it lets the user step closer 

RedDArc 
Welderentals 

When you're ready to weld.       POWER GENERATION SOLUTIONS 

Generator Rentals 
Generator Lease Programs 
Electric Power Distribution and Accessories 

reddarc.com 1-866-733-3272 

For info go to www.aws.org/ad-index 
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COR-MET 
SPECIAITT CORED WIRE 

COATED lELDIM ELECTIODES 
TOOL STEEl Ml( « TIO 

Manufacturing 

Flux Cored 
Welding Wire 

COBALT 

NICKEL 

HARDFACE 

STAINLESS 

ALLOY STEEL 

TOOL STEEL 

MAINTENANCE 

FORGE ALLOYS 

CUSTOM ALLOY 
COR-MET, INC. 

12500 Grand River Rd. 

Brighton, Ml 48116 

PH: 810-227-3251 

FAX: 810-227-9266 

www.cor-met.com 

sales@cor-met.com 
For info go to www.aws.org/ad-index 

to the unit's platform. Heavy-duty springs 
automatically lower or raise a pallet as 
weight is added or removed, maintaining 
the top layer of stacked containers at a 
convenient height. The turntable ring or 
optional turntable platform at its top al- 
lows the user to spin the load. It can ac- 
commodate loads from 400 to 4500 lb, de- 
pending on which of five spring packages 
the user chooses. 

Southworth Products Corp. 
www.southworthproducts.com 
(207) 878-0700 

Flow Meters Withstand 
10-300 lb/in.2 Pressures 

The Vortex shedding flow meters are 
useful for applications utilizing water, 
water/glycol coolant, and other low- 
viscosity fluids. They feature no moving 
parts to clog or wear out; operate with 
NPT ports ranging from M to 2 in. in size; 
handle flows from 4 to 200 gal/min, with 
occasional overranging up to 125% of ca- 
pacity without damaging the product; 
offer 4—20 mA flow rate transmitters; and 
withstand working pressures from 10-300 
lb/in.2 In addition, the meters are designed 
to operate at fluid and ambient tempera- 
tures from 35° to 150oF. They are built with 
a stainless steel or bronze body. The com- 

pany supplies standard units equipped 
with a solid-state relay. They also require 
10-30 VDC @ 80 mA input power, at- 
tached via pin connectors. 

Parker Fluid Control Division 
www.parkerfluidcontrol.com 
(800) 825-8305 

Helmet Switches from Clear 
to Dark In 0.22 ms 

The Fazor 1000 automatic welding hel- 
met features a continuously adjustable au- 
todarkening filter (9-13) and a switching 
time (clear to dark) of 0.22 ms. The sen- 
sitivity can be adjusted between active and 
inactive catering to all welding tasks. It 
weighs 1.3 lb and features a multiad- 
justable headband. The helmet is useful 

Snake Kit 

S349' 

WELDHUGGER 
COVER GAS DISTRIBUTION SYSTEMS r-n^m 

1 nomuBMrtr 

Trailing 
Shield Kit 

$249.' 

ToaFraKPTT) 18771935 344; fu 14801 »«0«3« 

For info go to www.aws.org/ad-index 
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for do-it-yourself enthusiasts and welder 
training institutes. 

Fronius USA, LLC 
www.fronius-usa.com 
(877) 376-6487 

Water Jet Cutting System 
Makes Radiuses, Circies 

The Spyder abrasive jet radius and cir- 
cle cutting system is designed for use in 
potentially hazardous environments. It 
can be set up on the side of tanks, small 
vessels, and large-diameter piping. The 
system's held in place by vacuum cups. 
Motion components are made from non- 
ferrous materials, and cutting head ma- 
nipulators are powered by pneumatic mo- 
tors. A master control panel allows users 
to control the cutting head manipulators, 
direction, travel speed, abrasive delivery, 
and vacuum components. It's available in 
1-6.5 in. inside diameter/16^-8 in. outside 
diameter and 3-12.5 in. inside diame- 
ter/27.5-56 in. outside diameter sizes. The 
system is powered by the company's 
60,000 lb/in.2 water jet intensifier pumps. 

Jet Edge 
www.j etedge.com 
(800) 538-3343 

GMAW Guns Designed for 
Nonindustriai Weiders 

The WeldSkill product line includes 
GMA guns that accommodate the weld- 
ing practices of nonindustriai users. They 
feature a patent-pending design and in- 
clude 125-, 140-, 180-, and 220-A models. 
The ergonomic handle has a slight curva- 
ture to maneuver easily in different weld- 
ing positions. There are no brass blocks 
inside the handle, so they are light weight. 

cooler for operator comfort, and easier to 
control for various applications and weld- 
ing positions. The guns feature a jacketed, 
durable brass tube to protect the patented 
through-the-tube Cablehoz™, and the 
steel spring strain relief at the base of the 
guns adds durability. Long-life triggers on 
the guns have been tested to provide more 
that 1.2 million cycles without failure. 

Tweco® 
www.tweco.com 
(800) 231-9353 

Materiai Prep Bundies 
Prepare 100 Specimens 

To simplify ordering and purchasing, 
the Sum-Met Bundles contain all the 
grinding and polishing consumables re- 
quired to prepare 100 specimens. Using 
one part number, laboratory, medical, 
quality control, university, and other ma- 
terial analysis and preparation facilities 
can order these for the following applica- 
tions: Fe and Ni alloys; Al and Cu alloys; 
Ti alloys; electronic and polymer (espe- 

cially components such as wiring boards); 
and ceramic and refractory (nonmetallic 
materials common in high-heat applica- 
tions). Typical contents include a combi- 
nation of CarbiMet2 or Apex grinding 
discs in 8, 10, or 12 in. diameter, polish- 
ing pads/cloths, MetaDi diamond suspen- 
sions or pastes, and MasterMet final pol- 
ishing suspensions. 

Buehler 
www.buehler.com 
(847) 295-6500 

Add Water 
sing New ( areer Todn 

In Commercial Diving 
The High«t LrvH of Ortificatem at 
Thf MoM Ptntifpou* Academy With 

A 3S Year Reputation. 

Aim Hifl+i, Dive Deep. Train In S Months for 
A Regarding And Unique Career. 

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

August 16-17, 2011 - Charlotte, NC 
This double-barreled two-day conference in Charlotte will be something a little different in AWS 
conferences. 

Day one will be all about the newer corrosion-resistant alloys and will cover such materials as the 
growing body of duplex stainless steels, the nickel-base alloys, and titanium. The duplex grades are 
beginning to replace the austenitic stainless steels in some instances, so there is much to learn in 
terms of how to weld these grades. Newer is the introduction of less expensive duplex alloys, so much 
needs to be learned here as well. There's a new titanium alloy which could very well replace the 
popular 6AI-4V grade. It, too, will be on the program. Cladding is also playing an increasingly important 
role in the whole matter. 

Day two will be devoted to another hot topic in welding, the new chrome-moly steels such as the 91, 
92, and 911 grades. There are benefits here, but there is still much to learn. It's a market cut out 

for the low-hydrogen consumables. Fabrication is tricky. Great attention must be paid to 
heat treat and dissimilar metal welding. Although not new but still a problem to many, 

there will even be discussion on that old nemesis, to some, 4130. 

Attendee Registration Rate 
AWS Members: $550 
Nonmembers: $680 

Exhibitor Registration Rate 
AWS Members: $750 
Nonmembers: $880 

.C;^-■■ 

ft* »* 

Hosted by: 

American Welding Societyu 

For the latest conference information, visit 
our website at www.aws.org/conferences 

or call 800-443-9353, ext. 264. 

Earn PDHs toward your AWS recertification or renewal when you attend the conference! 
to 
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So you don't think I can weld... 
Think again. 

I AM A WELDER, 

Welding as a career choice opens 
up a multitude of opportunities 

for all ages and genders. 

www. careersinwelding. com 

i» 
Jessi Combs - Metal fabricator 
and television personality. 

#"   # 
»m tmnilwi OIIWX^MoiitHOnii 

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



American Welding Society 

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, 2011. The committee looks forward to receiving these nominations for 2012 
consideration. 

Sincerely, 

Alfred F Fleury 
Chair, Counselor Selection Committee 
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LY FOR WELDERS 
6 keep pace with the evolving needs of 

welders, the American Welding Society 
(AWS) has created a Membership 
exclusively for welders,.. 
' e AWS Welder Membership. 

Welders who are committed to making their Jobs, as well as their 
lives easier, are candidates for the AWS Welder Membership. 
The AWS Welder Membership will allow you to save on welding equipment that you use every 
day, give you direct access to a health insurance program that fits your needs, provide you 
with the latest information in the industry and much more 

You'll connect with the materials joining community through educational seminars, informal 
get-togethers and special events You'll be tuned into the latest happenings and trends You II 
get the discounts and benefits that you ve been looking for 

O Discounts on welding equipment and tools of the trade offered by participating GAWDA 
distributors 

O Health Insurance Program 
O Publications exclusively fof welders 
O Discounts on auto and home insurance 
O Discounts on dental, vision and pharmacy programs 
O The Welder s Exchange bulletin board on the AWS web site 
O and more 

Membership in AWS is a great way to nurture your professional development   Whether you're 
just starting out or a veteran welder, you'll benefit from becoming a member  Join today! 

Call; (800) 443-9353, ext 480, 
or (305) 443-9353. ext 480 Visit: www aws org/membership 

American Welding Society 



Exploring Welding 
through YouTube 

You can tap into an amazing number of weiding videos 
through this Internet video-sharing community 

BY ANDREW CULLISON, MARY RUTH JOHNSEN, HOWARD WOODWARD, AND KRISTIN CAMPBELL 

It seems there's a lot more to YouTube 
than silly pet videos, people who can't sing 
but who are doing so anyway, and cute 
kids. It turns out there's a wealth of infor- 
mational welding videos on the site. In 
fact, when we visited www.youtube.com 
and typed in "welding," we got 5460 re- 
sults. "Welder" brought up nearly as 
many, with 5240 results. 

The editors of the Welding Journal 
thought we would browse through 
YouTube and tell you about some of the 
videos available. We can only touch on a 
few of the welding-related categories and 
videos, and although we've kept an eye 
out for safe practices, these write-ups are 
not an endorsement of the videos. You'll 
have to decide for yourself whether the 
information presented is useful. We 
watched many videos before selecting the 
ones we present here, and can tell you that 
while there is plenty of really great infor- 
mation on YouTube, many videos also 
show a lot of questionable practices. Use 
your best judgment. 

The major welding equipment manu- 
facturers all offer a variety of profession- 
ally produced videos. They are all good. 
You can access those in two ways: either 
go to the company's Web site and click on 
the YouTube logo or go to YouTube and 
type in the company name in the search 
box. 

The editors chose to view videos from 
lesser known sources. The names of the 
videos are in bold-face type at the begin- 
ning of each writeup and the URLs are at 
the end. Either of those will get you to the 
video you want to watch. 

Welding Safety 

Welding Safety, Equipment, Tips & 
Techniques: Proper Welding Attire 
for Welders 

MS   
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entation of basic safety measures and not 
a complete nor comprehensive program. 
The video predominantly focuses on fire 
hazards and warns against welding in the 
presence of combustibles, discusses keep- 
ing the welding area clean, and talks about 
heat transfer from the workpiece to 
nearby flammable items. It warns that you 
should never weld near vapor degreasing 
operations or spray booths, and that it is 
necessary to follow all printed rules and 
safety instructions, www.youtube.com/ 
watch?v=nGlsqp 5kKUk 

Confined Space and Vessel Entry 

According to his bio, Malcolm Mac- 
Donald has been involved with welding 
since 1968 when he graduated from the 
welder/fitter program at Conestoga Col- 
lege. In this 2-min video, produced by ex- 
pertvillage.com, he stresses proper cloth- 
ing, including what welders need to wear 
and the materials the clothing and 
footwear should be made of. Mack, as he 
introduces himself in the video, is dressed 
for the part. In other videos, he discusses 
additional safety concerns including 
proper eye protection, electric shock, 
welding fumes, welding on closed vessels, 
and proper handling of gas cyclinders. 
www.youtube. com/watch ?v = 
5rw2hwqZ5LQ 

Safety Factors in Arc Welding Operations 
The narrator of this 3-min video from 

SafetyInstruction.com stresses it is a pres- 

This 3!4-min video is the second sec- 
tion of a four-part module on recognition 
of what are confined spaces and an under- 
standing of safe operation practices. This 
video deals with the preparations neces- 
sary before entering a confined space. It 
discusses lockout and tagging as well as 
cleaning and purging prior to entry. It rec- 
ommends using a "preparation for entry" 
checklist and encourages people working 
in confined spaces to be aware of federal 

ANDREW CULLISON (cullison@aws.org) is publisher, MARY RUTH JOHNSEN (mjohnsen@aws.org) is editor, and HOWARD 
WOODWARD (woodward® aws.org) and KRISTIN CAMPBELL (kcampbell@aws.org) are associate editors of the Welding Journal. 
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and local regulations, www.youtube.com/ 
watch 7v=0affyoR0cw4 

OSH 141 Project Final: Welding Safety 
and Health Quantitative Methods 

Scott Neal, company safety coordina- 
tor at Delta City Power, developed this 4- 
min video to describe the quantitative 
methods used at the company's welding 
center to ensure proper ventilation for its 
welders. He shows the ventilation systems 
in place, and discusses the fumes they are 
dealing with and their potential hazards, 
especially those of hexavalent chromium. 
He shows the calculations they used to 
determine the amount of airflow the com- 
pany needed through its fans and venti- 
lation system and the results of the cal- 
culations, www. youtube.com/watch?v = 
944NL_OXuY 

Welding Tips 

Mig Welding Technique Taught by Old 
Timer 

The instructor on this 2^-min video is 
not the old timer, but he tells of tricks an 
old timer told him 20 years ago. The tips 
are hand-motion techniques that control 
the weld pool to produce a smooth and 
even weld bead. The video shows the weld 
in progress, as well as the finished weld 
bead with a schematic of the hand motion 
superimposed over it to give the viewer a 
better idea of what is happening. A tip on 
improving weld speed without detriment 
to the weld bead is also given. The motion 
gives good results with either a push 
or pull progression, www.youtube.com/ 
watch?v= w4RrDeUKcH4 

Mig Welding Tips: Exhaust Tubing 
This video, geared to car enthusiasts, 

gives tips on joining exhaust tubing. The 
instructor explains his approach to this 
particular application, and shows his ma- 
chine's settings. He demonstrates how to 
join the tube with a series of tack welds 
that stitch the joint closed. This technique 
flattens out the weld beads, which then 
can be ground down for a smooth, seam- 
less joint (4:27 min). www.youtube.com/ 
watch?v=JohBHzhOyPg 

Welding with MIG Welders vs. TIG 
Welders 

This is a very basic informational piece 
on the pros and cons of a gas metal arc 
welding machine vs. a gas tungsten arc 
welding machine. A narrator explains the 
differences between the two processes. 
During the narration, bullet point advan- 
tages and disadvantages of each type of 
machine appear on the screen to help re- 
inforce what is being said. Over all, good 
advice is given to those who are just be- 
ginning to get into welding (8:25 min). 
www.youtube. com/ watch ?v =B-f25N7zJeI 

Welding Aluminum 

How to TIG Weld Aluminum 

This short video shows a technique for 
making a nice rippled bead on aluminum 
that the welder calls "a stack of dimes." 
The hand movement is explained as a 
step-and-pause technique while adding 
the filler metal. The end result is very pro- 
fessional. There are helpful answers to 
questions given in the comments section 
(0:46 min). www.youtube.com/ watch?v= 
rRSRlpfOELQ 

Aluminum Welding Tips: How to Fill 
Large Holes in Aluminum 

This 1-min video gives a demonstra- 
tion of filling a hole about the size of a 
dime in an aluminum air-conditioning 
line. The process is oxyfuel with filler 
metal added. No information is given 
on setup prior to welding, but as the indi- 

vidual fills the hole, he describes his 
technique, www.youtube.com/watch?v = 
6fOOI9ferCY 

Weld Aluminum Bracket for Tool Post 
Grinder 

This video is an example of all that is 
bad with YouTube. It shows an individual 
who admits he is not a good welder, and 
then shows him welding aluminum with- 
out gloves and with bare arms. He can 
barely sustain an arc and his multiple 
strikes in the attempt give new meaning 
to "stick" welding. Although there are 
good examples of welding on YouTube, 
this is a reminder that the Internet is an 
unregulated territory that must be ap- 
proached with caution and common sense 
(2:48 min). www.youtube.com/watch?v = 
xUJCuxKMOlo 

Soldering and Brazing 

Brazing Aluminum 
Kent White demonstrates in 8 min his 

method for repairing a severely damaged 
aluminum part using a flux cored brazing 
rod and acetylene torch. White delivers an 
interesting dialog to accompany the close- 
up visuals of the work in progress. First, he 
demonstrates the brazing operation, then 
explains his techniques for sanding and 
shaping the part using an air tool with a 
320-grit disc, followed by a polishing op- 
eration. www.youtube.com/ watch?v = 
RRWmpSE-Xk 

Brazing Hints and Tips 

This interesting 5-min-long video tar- 
geted for beginners discusses brazing with 
a flux-covered rod. Tips are offered on 
what to do when the rod sticks to the work- 
piece, and how to smooth "globs" of filler 
metal when they form on the joint. 
www.youtube. com/watch?v=ZojIpKCo4T 
Q&feature=related 

How to Silver Solder for Beginners 
This video offers in less than 4 min a 

number of tips on how to get started 
soldering nipples to copper tube and pipe. 
It details the initial cleaning of the sur- 
faces to be soldered through to the final 
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polishing operation combined with a 
safety heads-up. The highlights of this 
presentation are good visuals with clear 
close ups of the work in progress. 
www.youtube.com/watch7v=kIKQFL96u 
U&feature =related 

Professional Hand Soldering (basic to 
advanced) 

This high-quality 4-min video shows a 
number of professional techniques for 
hand soldering printed circuit boards. 
Also demonstrated are techniques for sol- 
dering connector leads and copper braid 
to several common terminals. Other top- 
ics presented are inspection information, 
tinning terminals, through-hole part sol- 
dering, and mounting microchips to a 
printed circuit board using the drag 
soldering method, www.youtube.coml 
watch ?v=Ql6Vkw5wswU&feature =jvw 

Inspection 

Stud Welding and Inspection Training 

In this video, stud welding inspection 
is presented along with a meaningful dis- 
cussion of what causes various defects. 
Highlighted in this 9-min presentation are 

the effects of amperage setting, plunge 
setting, dampening rate, and the length of 
the stud before and after the welding 
operation. A good weld is detailed for 
what makes it satisfactory and what 
factors make welds unacceptable. 
www.youtube. com/watch ?v=OpNkGqYNe 
7k&playnext=l&list=PL62740I9473D885 
AD 

Welding Inspection and QC 

This 6-min video offers a general 
overview of numerous weld inspection 
techniques. The testing methods include 
magnetic particle, liquid penetrant, ultra- 
sonic, guided bend, hydro, Charpy V- 
notch, hardness, and tensile. Other topics 
include code review, visual inspection, 
and the use of assorted measuring tools, 
X-ray film review, polishing, and etching. 
www.youtube.com/watch_popup?v=aUbhr 
bbA_8k&vq=medium 

TomB Welding Assessment 

This video is just 2 min long, but that 
is enough time for Tom Baldwin, a per- 
sonable welding instructor, to relate how 
he evaluates welds for his beginning weld- 
ing students and inspires them to learn 
from their mistakes. He shows several 
good and bad welds and how he helps his 
students organize their work in a folder 
for future reference, www.youtube.coml 
watch _popup ?v=dMq7hX0xm80&vq =me 
dium#t=71 

Using Electromagnetic Magnetic 
Particle Inspection to Detect Cracks 
in an Automobile Cylinder Head 

In this 3-min video, John Edwards 
from Costa Mesa R&D Automotive Ma- 
chine Shop demonstrates how the experts 

employ magnetic particle inspection to 
quickly and clearly define cracks in an au- 
tomotive cylinder head. The technique, 
using an electromagnet and iron dust, is 
equally applicable to other projects where 
cracks in metal are suspected. 
www.youtube. com/watch_popup ?v=0olUs 
f3hc5c&vq=small 

Grinding and Finishing 

SMAC Tutorial Grinding Part 1 

Holly Fisher, executive director of the 
now-closed Smartshop Metal Arts Center 
in Kalamazoo, Mich., goes over the basics 
of grinding and metal finishing in this TA- 
min video. She details grinding safety, 
going over personal protection equipment 
including eye and hearing protection, and 
hazards from flying sparks. She also dis- 
cusses proper clamping of the metal 
for safe, productive, and efficient metal- 
working. The various types of grin- 
ding discs are detailed. While she's talk- 
ing, she's demonstrating grinding tech- 
niques. www.youtube.com lwatch?v = 
oxR2G9vntnA 

How to Use an Angle Grinder 

•mU — mtmy*  

The basics of using an angle grinder 
are covered in detail in this 10-min video 
from Willsgarage. It begins with the safety 
gear and tools needed for grinding. Part 
1 covers grinding and Part 2 gets into using 
a cutting disc. In Part 1, he shows viewers 
how to insert the disc, the angle at which 
to grind, and how to adjust the tool for 

APRIL 2011 



right- or left-handed workers. He cautions 
viewers to ensure the workpiece is secure 
and tells them to check to see which di- 
rection most of the sparks will fly to in 
order to take care of any potential fire haz- 
ards. He shows how to prepare a flat piece 
of metal prior to welding and how to 
finish a weld. In the cutting section, he 
demonstrates how to rotate the wheel 
guard and move the handle for safe, 
accurate cutting, www.youtube.com/ 
watch?v=6bA4pQQ4i2I 

Welding Projects 

A Little Welding Project 
In a 9-mm video by farmalll938, a man 

improves a frame to enclose and protect 
his plastic mailbox. He cuts down a caster 
wheel, uses shielded metal arc welding to 
attach this to the frame's bottom, and in- 
serts a screw eye in the frame's back cen- 
ter portion, which has large springs down 
each of its sides. With a cordless drill, he 
mounts this structure to a cut off tele- 
phone pole, and it's now about VA in. 
higher than before. The finished mail 
frame is self centered, well balanced, and 
spins from side to side, www.youtube.com/ 
watch?v=Aw8YNNvuHSA 

DIY Welding Workbench 

Viewers are taught how to make a do- 
it-yourself welding workbench in RCex- 
perimental's 4-min video. The materials 
for the project include Ys-'m.. steel for the 
tabletop, 2-in. angle iron for the frame and 
legs, and Vu-m. flat steel for the struts. In 
addition, the frame requires four angle 
iron pieces cut about 3 in. shorter than the 
table's dimensions, four pieces of angle 
iron for the legs, and 3/i6-in. flat iron that 
can be welded for struts between the 
table's legs. These materials are gas metal 
arc welded to create the workbench. Help- 
ful instructions, such as using a T-square 
to make sure the frame's pieces are at right 
angles and grinding down the welds, 
are listed on-screen, www.youtube.com/ 
watch?v=Xn0kIaY3CcY 

Zann Jones' Welding Project — Jack in 
the Box 

Making a colorful, 41-in.-high jack-in 

'Jki 

| 

-the-box kinetic metal sculpture is shown 
by Zann Jones during a 4-min video. The 
figure's face, upper body, and arms are 
fused glass, but this part could be cut out 
of steel plate and painted. The vertical 
portion is kept in a slender profile, and its 
bottom box is a flat, rectangular shape. 
The spring portion is elliptical to not cause 
problems with the vertical stand; it's made 
with a %-in.-diameter steel rod bent 
around two, l-in.-diameter pipes that are 
tack welded. This rod is later expanded to 
create the spring. Also, the horizontal rod 
located at the spring's top, which holds it 
to the vertical stand and allows swinging, 
is welded on both sides. A !4-in. plate 
serves as a counterweight for the sculp- 
ture's top portion and provides support 
for the fused glass, www.youtube.com/ 
watch?v= 3vQXROiRubg 

Welding Career Paths 

Structural Metal Fabricators and Fitters 
Job Description 

The various tasks structural metal fab- 
ricators and fitters perform are featured 
in a 2-min video by GadBaller. The metal 
objects they construct range from tanks 
and water towers to frames for buildings 
and bridges. The intricate work includes 
reading blueprints and using machinery 
to cut metal. Additional equipment is used 
to punch, roll, or straighten pieces before 
fastening; these metalworkers weld, bolt, 
or rivet units into full or subassemblies. 
They work both indoors and out. A good 
physical condition is needed for heavy lift- 
ing and climbing. "Fabricators and fitters 
take pride in knowing what they create 
today will no doubt still be in use for 
generations," the video concludes. 
www.youtube. com/watch ?v = 
xlqYzCYiSol 

Explore a Career - Welding and 
Pipelaying in Pipeline Construction 

A 5-min review of the work pipelayers 
and welders do is offered by Canadia 
Pipeliners. Pipelines can run thousands of 
miles and typically range 24—48 in. in di- 
ameter. Once individual pipes are set up 
on timber cribs, crew members preheat 
the steel pipe in preparation for welding. 
When pipe can't be laid straight, pipelay- 

ers work with laborers using bending ma- 
chines; slabbers provide direction to a side 
boom operator for final alignment of two 
pipes; and a clamper locks a set of clamps 
in place to hold two pipe sections in prepa- 
ration for welding. Automatic welding via 
a remote control at the far open end of the 
pipe is shown along with fill and cap welds. 
When welders complete a pass, a control 
number is noted that's used for inspec- 
tions. During manual welding, welders 
often work in teams of two. 
Tie-ins for connecting finished pipe- 
line sections are also mentioned. 
www.youtube.com/watch?v=HGTASZE9a 
Mk 

How to Become a Mechanical 
Engineer 

A 1-min rundown by Edu411, shows 
what mechanical engineers do. These in- 
dividuals design many items, including en- 
gines, robots, generators, kitchen appli- 
ances, and power tools. "Whatever the de- 
vice, if it has moving parts, mechanical en- 
gineers were almost certainly involved in 
its creation," the video states. It's cited as 
the broadest of all engineering disciplines; 
in regard to products, some do research, 
others design or make the machines, and 
some help sell technical products. Also, 
it's important to have good math and sci- 
ence skills, the ability to think analytically, 
handle abstract ideas, and solve problems 
creatively. A satisfying reward for 
mechanical engineers is to see their de- 
signs turned into new products or ma- 
chines. www.youtube.com/ watch?v=nGL- 
PjSl-Wo* 

Dear Readers: 

The Welding Journal encourages 
an exchange of ideas through 
letters to the editor. Please send 
your letters to the Welding Journal 
Dept., 550 NW LeJeune Rd., 
Miami, FL 33126. You can also 
reach us by FAX at (305) 443-7404 
or by sending an e-mail to Kristin 
Campbell at kcampbell@aws.org. 
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What It Ta 
to Be an 



Diving work is demanding and requires both physical and psychoiogical 
endurance, but the opportunities this field offers are available worldwide 

BY KRISTIN CAMPBELL 

Imagine being deep underwater, per- 
haps in the Atlantic or Pacific Ocean, 
welding a new structure or repairing an 
old one while exotic sealife swims around 
and you know your job is critical to com- 
pleting a project. Sounds pretty adventur- 
ous, doesn't it? 

Underwater welding requires learning 
how to dive, being in good health, per- 
forming shielded metal arc welding in the 
water, wearing the proper gear, and keep- 
ing safe. When these elements combine, 
exciting career paths can be established 
that lead to worldwide travel working in 
various oceans, seas, lakes, and rivers. 

Here's a look at the training provided 
by the International Diving Institute 
(IDI), LLC, North Charleston, S.C., rep- 
resenting what's required for this special- 
ized field. Its mission is to provide and 
prepare graduates for a career in the com- 
mercial diving industry as entry-level 
divers/tenders who excel in knowledge, 
skills, and safety. 

What's Offered On-Site 

The institute's waterfront location 
faces the Cooper River, which offers 8-40 
ft depths — Fig. 1. This enables diving 
practice along with welding, cutting, and 
mechanical projects from several loca- 
tions in little-to-no visibility conditions. 

"We're getting an influx of certified 
welders who want to do underwater weld- 
ing. We have a true working environment, 
so it's real world," said Kim Gissendan- 
ner, a diving instructor/supervisor at the 
institute. 

International Diving Institute's brick 
central facility has a welding fabrication 
shop on the first floor — Fig. 2. Many sup- 
plies are available, including steel; 6013 
electrodes; welding machines; booth 
space for welding on land, known as top- 
side; oxyacetylene cutting stations; and 
shop tools. 

Two classrooms, divided by a hallway 
lined with safety posters and job opening 
notices, as well as a library and comput- 
ers are on the second level — Fig. 3. 

Walkways provide access to three 
above-ground wet tanks. The 17-ft-deep 
main tank holds 48,000 gal of water and 

Fig. 1 — The International Diving Institute faces the Cooper River, giving direct access for 
students to practice diving and welding underwater in low-visibility conditions. 

features observation windows, a penetra- 
tion tube, and an overhead crane. Diver 
training takes place here as does "Christ- 
mas tree" projects where valves and fit- 
tings are assembled to be leak-tight, in- 
cluding bolting valves on pipes, represent- 
ing about 100 lb of lift — Figs. 4, 5. 

The main wet tank sits between a new 
underwater welding-dedicated, 20-ft-deep 

tank that holds 9330 gal of water and a 30- 
ft-tall confined space tank holding 9000 
gal of water. 

Also offered at the institute is a large 
"bathtub" filled with water for cutting 
practice; a main dive platform extending 
8 ft over the water; a 30-ft-long floating 
T-dock; a portable diver's stage area op- 
erated with an electric hoist; a mixed-gas 

1 

Fig. 2 — In the institute's welding fabrica- 
tion shop, 6013 electrodes are coated in 
molten paraffin wax to protect the flux from 
water before the diver/welder strikes an arc. 

Fig. 3 — Linn Boughamer (standing), a 
physics, physiology, and dive medicine 
instructor, teaches a group of students. 

KRISTIN CAMPBELL (kcampbell@aws.org) is associate editor of the Welding Journal. 

All photography in this article is courtesy of the International Diving Institute, LLC (www.internationaldivinginstitute.com or (888) 728- 
3483), North Charleston, S.C 
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Fig. 4 —A student jumps into the institute's 17-ft-deep main wet tank. 

facility to fill diving bottles; changing 
rooms; and the Dive Locker, a retail shop 
featuring sport/commercial diving equip- 
ment and other gear. 

The Association of Diving Contractors 
International (ADCI) assesses and veri- 
fies the competency of the institute's stu- 
dents and staff, plus audits its training 
programs. 

Physical Requirements for 
Diving 

Before starting at IDI, students must, 
at the minimum, undergo a basic physical 
with an electrocardiogram, pulmonary 
function and urinalysis tests, complete 
blood count, and chest X-rays. Students 
must also be fit for diving and hyperbaric 
activities. It's highly recommended they 

Fig. 5 — Students work to assemble leak-tight 
valves and fittings, including bolting valves on 
pipes, representing about 100 lb of lift in this 
"Christmas tree"project. 

get an ADCI physical by a licensed physi- 
cian in their area who is qualified by ex- 
perience or training to conduct commer- 
cial diver physical exams. This includes X- 
rays and tests appropriate for working 
commercial divers exposed to rigorous 
conditions. 

To stay in shape, students participate 
in daily physical training activities, includ- 
ing swims in the Cooper River, jumping 
jacks, and push-ups. 

According to the ADCI, a person hav- 
ing any of the following conditions will be 
disqualified from engaging in diving or 
other hyperbaric activities: a history of 
seizure disorder other than early child- 
hood febrile (high fever) conditions; cys- 
tic or cavitary disease of the lungs, signif- 
icant obstructive or restrictive lung dis- 
ease, or recurrent pneumothorax; chronic 
inability to equalize sinus and middle ear 

pressure; significant central or peripheral 
nervous system disease or impairment; 
chronic alcoholism, drug abuse, or history 
of psychosis; significant hemoglo- 
binopathies, malignancies, or osteonecro- 
sis; grossly impaired hearing; chronic con- 
ditions requiring continuous control by 
medication; and pregnancy. 

Learning How to Dive 

Once you're deemed physically fit to 
dive, training can start. Students must 
know how to swim, and although prior div- 
ing and welding experience is not required 
to enroll, it's recommended they have 
basic open water SCUBA certification by 
a recognized certification agency. 

Life-supporting diving equipment and 
gear must be worn. This includes a sur- 
face-air-supplied diving helmet; neck dam 
with a seal that clamps to the helmet so it 
can't come undone; full-body wet suit 
that's buoyant, or if there's cold, icy 
weather, a thicker wet or hot-water suit 
where warm water is pumped in; weight 
belt that typically handles 40-50 lb, along 
with a knife strapped to it for practical 
use; harness; safety shackle that goes to 
the umbilical hose supplying air; and 
heavy-duty industrial rubber gloves 
tucked into the wet suit and duct taped to 
stay in place; a main tank, along with a 
bail-out bottle as an emergency supply 
that both contain compressed air (mixed 
gases are used for deeper dives); a 
pneumo line that serves as a third supply 
of air and measures depth; and fins. 

Once suited up, students learn to jump, 
move around, and breathe underwater. 

Getting Used to Performing 
Tasks Underwater 

Shielded metal arc welding is the 
process that's performed underwater. 
Cutting consists of oxygen that's passed 
through a magnesium electrode. It's best 
to perfect skills topside first, then try un- 
derwater use. 

On land, working areas are clean, wires 
are tied down, and the power source is 
placed on an insulated surface. The direct 
current (DC) welding and cutting ma- 
chines, typically at 300 A, are grounded 
in sheltered areas and must be monitored. 
Any cable splices are waterproofed with 
rubber tape. 

Staying Safe 

Taking safety precautions during un- 
derwater activities is important. Gener- 
ally, trained divers shouldn't have acci- 
dents; there's probably a bigger chance of 
getting injured from barnacle cuts or 
something happening on land. 

The gear underwater welders and cut- 



ters wear is similar to what was listed pre- 
viously, but they are also connected to an 
umbilical that contains a communications 
wire that allows the diver/welder to speak 
with a person on the surface — Fig. 6. 
Their diving helmets have autodarkening 
filters and steel-toe boots are worn. It's 
useful to keep a plastic holder for extra 
electrodes. Head-to-toe insulation, with 
no skin exposed to the water, prevents 
shocks. 

Electric shock is avoided in additional 
ways as well. Unlike topside welding 
where the ground clamp is negative, in un- 
derwater welding there's a "positive is al- 
ways ground" rule where the electrode 
holder is negative, and a knife switch be- 
tween the power supply and circuit can be 
turned on or off — Fig. 7. Another rule is 
to never place yourself between the elec- 
trode and ground to avoid a shock. 

Welding Work 

Covered electrodes for underwater 
welding are dipped in wax a few hours be- 
fore use to protect the flux. Some compa- 
nies manufacture these, but they can be 
expensive, so it's useful to make your own. 

A welder inserts the electrode in the 
holder made for underwater use, then 
strikes the arc. Horizontal, uphill, and 
downhill welding positions are practiced. 
It's good to keep the electrode at about 
30 deg to the line of work. The ultravio- 
let light is filtered out by water. 

It's mostly steel that's welded under- 
water. Welds achieve 80% of tensile 
strength and 50% of the ductility of simi- 
lar topside welds. 

Twenty to thirty electrodes may be 
taken underwater at a time. Each elec- 
trode only lasts about 30-40 s. 

Cutting Details 

For cutting various objects underwa- 
ter, the diver controls an insulated torch 
designed for underwater use. Oxygen is 
sent through a hollow magnesium elec- 
trode from 14 in. to 2 ft long. Once the arc 
is struck, a flame is created that burns ex- 
tremely hot at 10,000oF. 

The current passing through water dis- 
sociates the water into H2 and O2, posing 
an explosion danger in closed compart- 
ments or corners where bubbles accumu- 
late. To avoid gas buildup, the space needs 
to be vented first, then the material can 
be cut. 

Positions Essential to Help 
Underwater Personnel 

On the surface, tenders and dive su- 
pervisors support underwater workers. 
Thanks to a dive station communication 
box that runs off a car battery, divers can 

Fig. 6 — David Sharpe (center), a diving supervisor/instructor at the institute, makes sure 
that students wear the proper gear for underwater welding. 

Welding 
Generator 

+ 
Ground Electrode 

Knrfe 

Switch 

\ 

Ground clamp 

Fig. 7 — This schematic for underwater welding shows the welding generator, knife switch, 
electrode holder, and ground clamp. A "positive is always ground" rule dictates the electrode 
is negative, so electron flow is away from the user. 
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Kim Gissendanner (pictured 
above) has been diving for 36years. 
His vast experience includes heavy 
underwater construction with 
welding and concrete encasement. 

Determining if Underwater Weiding is Right for You 

Kim Gissendanner, a diving instructor/supervisor with the International Diving Institute, 
offers these tips to help individuals decide if underwater welding would suit them. 
• If you'd like to use diving, welding, and cutting skills while working in dark, confined spaces 

underwater in oceans, seas, lakes, and rivers. Typically, mechanically inclined people are 
great for this field because they have dexterity and can handle many responsibilities. 

• "It's a great lifestyle if you like to travel," he said. If you're single, it's a good opportunity to 
travel all over the world. However, if you're a homebody, this field will probably not be 
good for you. 

• You've got to like the water, marine environments, and be able to handle extreme weather 
from cold, icy conditions to heat with heavy humidity. 

• Being a diver has nothing to do with physical size; rather, it has a lot to do with using your 
knowledge, staying calm and collected, and managing potential danger (fight vs. flight syn- 
drome). 

• If you'd enjoy participating in a variety of tasks underwater, including cofferdam, pipeline, 
construction, and salvage projects. 

• If you're up for working long hours, on barges for instance, to make up a possible 60-70 h 
work week with good overtime pay. 

• An added benefit is sharing good camaraderie with your colleagues. 

be talked to underwater; this is important 
for getting progress updates and making 
sure everything is going well. A rack box 
is a manifold that controls the air supply 
and has pressure gauges to monitor lb/in.2 

A standby diver waits above who is re- 
sponsible for rescuing the diver if a prob- 
lem occurs. At the institute, students act- 
ing in this capacity need to get in the water 
quickly — 15 s for the wet tanks and 30 s 
for the river. 

Treating Decompression Needs 

Divers need to know how long they can 
safely stay underwater. Decompression 
table requirements, determined by depth 
and time, must be followed. To finish a 
project, multiple divers may be used on a 
rotational basis. 

In emergency medical situations, hyper- 
baric chambers provide vital oxygen treat- 
ment for decompression sickness. The in- 
stitute's outdoor quarterdeck space fea- 
tures two, 54-in. hyperbaric chambers large 
enough to hold several people — Fig. 8. 

Diver Program Details 

The institute's Air/Mixed Gas Surface 
Supplied Diver program lasts 16 weeks, 
comprises 640 h, and has a maximum of 
10 students per class. 

The commercial diving certification 
program includes the following classes: 
safety operations for surface-air-supplied 
diving; diving physics; dive medicine; de- 
compression and treatment tables; hyper- 
baric chamber operations; underwater use 

of tools and equipment; rigging fundamen- 
tals/practical application; topside weld- 
ing/cutting; underwater welding and cut- 
ting; dive operations planning; and mixed 
gas-surface supply and saturations diving. 

Texts include the Commercial Diving, 
U.S. Navy, and National Oceanic and At- 
mospheric Administration Training Manu- 
als; ADCI Logbook; and Handbook for 
Riggers. 

Experienced Teachers 

Sergio Smith, IDI's president and 
owner, has been diving for more than 35 
years. "I've been all over the world. I 
wouldn't trade it for anything," he said of 
his career. Smith is the east coast regional 
director for the National Association of 
Scuba Educators Worldwide; has been a 
diving instructor in Jordan, Greece, and 
the Mediterranean Sea; and served with 
the Navy Special Warfare Group as a 
Seabee. 

"A commercial diver will never be out 
of a job," Smith said. Wind tower produc- 
tion will open up jobs with more towers 
placed in the water, he added. 

Additional staff members include 
Michael Hielscher and Edward Lee 
Spence, vice presidents; David Sharpe, 
Kim Gissendanner, and Jason Pope, div- 
ing instructors/supervisors, who have a 
combined diving experience of more than 
75 years; Janilee Chesky, head of admin- 
istration; Debbie Gregory, manager of the 
Dive Locker; and Linn Boughamer, John 
Stoddart, John Chalfin, Johnny Cercopely, 
and Carl Whitaker, contract instructors. 

Rewarding Careers 

After finishing the program, IDI stu- 
dents are awarded a certificate for 
Air/Mixed Gas Surface Supplied Diver. 
In addition, they receive an ADCI entry- 
level tender/diver card, which is a require- 
ment for working in the commercial div- 
ing industry. 

Assistance is provided with resume 
preparation and job placement. However, 
while many companies contact the insti- 
tute looking for divers, the institute does 
not guarantee job placement. 

Offshore vs. Inland Work 

When working offshore, you'll be on 
large diving vessels or platforms in the 
ocean. Most people work as a tender be- 
fore breaking out as a diver. This can take 
several years depending on an individual's 
skills and abilities. Offshore, you live and 
work on-site. 

When working inland, you may be in 
intercoastal waterways, power plants, 
water treatment plants, bridges, and piers. 
Inland divers can break out much faster. 
Most of IDI's students who go into inland 
work start diving within a few weeks of 
being hired. Inland dive teams travel fre- 
quently either in the United States or 
overseas. 

Earnings Potential and Benefits 

The money an underwater welder 
makes varies depending on the location; 
whether you're working inland or off- 
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shore; for a small or large company; if you 
are in the divers' union; and job duties. 
The benefits offered depend on the em- 
ployer. Some companies have sign-on 
bonuses, tuition reimbursement, continu- 
ing education, medical/dental/vision in- 
surance, vacation time, 401K plans, and 
stock options; others even feature dive 
and depth pay in addition to standard pay. 

Thoughts from Past Students 

Chad Burleson of Half Moon Bay, 
Calif., took a leave of absence from DRS 
Marine, Inc., Vallejo, Calif., to attend the 
institute — Fig. 9. 

"I worked for them for two and a half 
years learning as a dive tender, and when 
they approached me about going to school 
to become a ADCI certified diver, I 
jumped all over it," Burleson said. "Being 
a surfer from the north coast of Califor- 
nia and an avid boater, my love for the 
water is immense, so why not get paid for 
working in the water?" 

What he learned at the institute helped 
refine previous knowledge. After gradu- 
ating last September, he drove to Califor- 
nia and immediately returned to work for 
DRS Marine. Burleson has now been a 
foreman on several jobs and a diver on a 
regular basis. He has worked on dams, 
ships, potable water tanks, water towers, 
inspections, and general construction. 

He plans to continue a career with 
DRS Marine, performing the duties he 
does now until retiring, and to learn as 
much as possible. 

"It's a small brotherhood," Burleson 
said of the industry's makeup, adding a 
hard work ethic must be displayed. 
"There's no margin for error because 
you're dealing with someone's life." 

Bob Salter of Winder, Ga., a licensed 
SCUBA instructor with 12 years of diving 
experience, wanted to participate in a 
more advanced program — Fig. 10. "This 
is taking it to a new level," he said about 
performing underwater welding on top of 
diving and merging the two. He graduated 
from the institute last November. 

Currently, Salter works for an under- 
water construction firm that has been 
awarded a government contract for an in- 
land job in Lake Lure, N.C. He unearths 
pipe, uses a 5-ft-long jet machine to clean 
various sections, and wraps pipe joints in 
a sealing material. It's estimated the proj- 
ect is saving 500,000 gal of water a month. 
He expects to be working on it for another 
VA years. 

Salter describes his job as intense and 
unique, and he likes the adventure of a 
dive because no two are the same. "It's 
definitely challenging," he said about 
working in claustrophobic, black water. 
At work, he's mentally strong, reliant on 
touch and feel, and wears a hot-water suit 
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Fig. 10 — Sergio Smith (center), president 
and owner of the International Diving Insti- 
tute, poses with Katie Setliffand Bob Salter. 

because the water is 30oF. Salter also 
pointed out getting to the pipe requires 
decompression diving to more than 100 ft 
and staying there more than 2 h; while 
coming up to the surface, he uses his phys- 
ical strength and takes timed stops along 
the way. On land, he gets into a hyperbaric 
chamber to decompress for about 1 h and 
15 min. 

"Welding is a huge part of underwater 
commercial diving," Salter added. During 
a previous job, he performed topside 
welding on a barge. He added potential 
divers need to be careful and learn as 
much as they can to ensure when they're 
on the job they'll make it home each night. 

This summer, Salter hopes to start an 
emergency medical technician course at 
the Divers Alert Network in Durham, 
N.C., and ultimately would like to be a 
dive medical technician. 

Katie Setliff of Danville, Va., also pic- 
tured in Fig. 10, enjoys combining weld- 
ing and diving. "I've always wanted to do 
underwater welding. It looked like such a 
cool job," she said. 

Setliff started welding at a vocational 
high school. She had no previous diving 
experience before coming to IDI, but 
loves being in the water, and quickly 
learned what to do. 

Setliff graduated last November. She 
has career aspirations of working inland, 
traveling and meeting new people, plus 
performing underwater welding, rebuild- 
ing structures, and doing ship work. "The 
door is open to so many opportunities," 
she said of the different diving paths avail- 
able. Setliff is now waiting to see if the 
Florida Department of Transportation 
will hire her for a position to do underwa- 
ter inspection work on piers and bridges. 

Being a female in this male-dominated 
field, Setliff hopes she may inspire or open 
doors for other women to feel they can do 
it, too. "I've never been intimated by the 

Fig. 11 — Chris Stapp practices standby safety diver skills. He is ready to get in the water and 
save an underwater diver in a matter of seconds should an emergency occur. 

guys," adding she would like to open 
men's minds to the fact women can suc- 
ceed in this career. 

Chris Stapp, also of Danville, Va., en- 
joys hands-on work — Fig. 11. He learned 
how to weld during high school and 
through his father's welding business. 
Stapp later used his skills at a tank manu- 
facturing company performing pressure 
vessel welding. "It's a field of self accom- 
plishment," he said. 

Stapp decided to study at the institute 
to learn underwater welding, which he 
considers an elite trade, and drove him- 
self to get better at it. "Welding is part of 
the tool to get the job done," he added, 
and explained that the knowledge to com- 
pletely fabricate an item is essential. 

Stapp graduated from the institute last 
November. He has turned down a few in- 

land dive offers as he wants an offshore 
diving position with international travel. 
In the long-term, he would like to have a 
career in saturation diving for welding 
pipeline sections. 

Conclusion 

If you have an interest in diving, why 
not combine that with additional skills and 
techniques? Learning how to do various 
types of work underwater will help you 
make the most out of both worlds. 

It could even lead to a worthwhile ca- 
reer where diverse paths — including un- 
derwater welding, construction projects, 
salvaging and repairing structures, inspec- 
tion using remotely operated vehicles, or 
medical life-saving operations — can be 
pursued worldwide.4 
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Developing Guidelines 
for Numerical 
Welding Simulation 
Simulation of the weiding process offers great potentiai for optimizing the 
processes and reducing fabrication costs 

BY CHRISTOPHER SCHWENK 

A goal of industry is to fully map the 
fabrication process — from the blank 
metal through the individual fabrication 
steps all the way to the end product — in 
a so-called "virtual process chain." The 
concept of continuous simulation of all 
relevant fabrication segments is intended 
not only to achieve a reduction in devel- 
opment and fabrication costs, but most of 
all to optimize products and fabrication 
procedures. An essential link in this vir- 
tual process chain is welding simulation. 

Welding simulation permits statements 
to be made at an early stage about weld- 
ing-specific phenomena such as compo- 
nent distortions and residual stresses, and 
thus helps to minimize through simulta- 
neous engineering the number of itera- 
tion loops in the development process. 
Additionally, it provides information such 
as the time-dependent evolution of ther- 
mal stresses during the ongoing process 
that can be gained experimentally only 
with disproportionately high expenditures 
or possibly not at all. This implies, for in- 
stance, that the causes of welding-specific 
quality aspects can be deliberately identi- 
fied and, therefore, a target-oriented op- 
timization becomes possible (Ref. 1). 

From the perspective of its economic 
potential, welding simulation should be 
prized as highly as forming simulation. 
Today, hardly any formed component is 
developed without simulation, which 
helps cut component, tool, and equipment 
costs. The state of the art of welding sim- 
ulation today corresponds to the begin- 
nings of forming simulation in the 1980s. 
The error potential of welding simulation, 
however, is very high due to the involved 

physical phenomena and couplings (e.g., 
weld pool fluid flow around a keyhole dur- 
ing laser beam welding) in combination 
with pronounced nonlinearities challeng- 
ing the simulation technology (e.g., tem- 
perature-dependent material properties). 
Special requirements such as prior user 
knowledge and experience must also be 
mentioned. Both of these facts are fre- 
quently conducive to avoidable applica- 
tion problems, namely when users get 
freshly into this subject matter, which em- 
phasizes the need for an appropriately 
structured and defined approach. 

A particularly great application poten- 
tial of welding simulation can be seen in 
the engineering services market. Big cor- 
porate groups such as original equipment 
manufacturers put the development of in- 
dividual components more and more in 
charge of industry suppliers (small- and 
medium-sized enterprises). One study ex- 
amined the current state of production 
simulation in small- and medium-sized 
companies and identified future trends 
(Ref. 2). In addition to simulation-assisted 
analysis of components and fabrication 
processes, which in many instances is 
mandatory based on customer specifica- 
tions, a time-saving and cost-efficient de- 
velopment process is of vital interest to 
many enterprises. Welding simulation can 
make valuable contributions to assist them 
and to counteract rising product develop- 
ment costs. 

For trouble-free communication be- 
tween customer and tenderer, a defined 
guideline for executing the calculations 
and assessments as well as displaying the 
results is imperative to ensure reliability 

and relevance of the calculation results. 
Also, a defined mode for displaying re- 
sults will provide a basis for effectively 
comparing various computation projects. 
The objective of standardization in the 
field of numerical welding simulation is 
to improve its application for calculating 
welding-specific phenomena and optimiz- 
ing undesired effects, addressing above all 
users who do not possess extensive knowl- 
edge of simulation methods. In order to 
meet this objective, the German Institute 
for Standardization (DIN) has initiated 
diverse preliminary work that is outlined 
in the following section. 

Preliminary Work 

The need for standardization in the 
welding simulation area was recognized 
more than two years ago by DIN. As a con- 
sequence, two projects were funded as 
part of the Innovation with Norms and 
Standards (INS) sponsorship initiative 
launched in 2006 by the German Federal 
Ministry of Economics and Technology, 
which evolved from the German govern- 
ment's high-tech initiative. Both projects 
were concerned with the "draft guideline 
for a structured approach for the execu- 
tion, analysis, and postprocessing of nu- 
merical simulation of welding-induced 
distortion and residual stresses." In addi- 
tion to a literature review related to weld- 
ing simulation standardization, these proj- 
ects also included preparation of a draft 
guideline proposing a structured ap- 
proach to a simulation for determining 
the heat effects of welding by giving a de- 
tailed simulation example including ex- 

CHRISTOPHER SCHWENK (christopher.schwenk@bam.de) is head of the working group, Welding Simulation and Arc Welding, Divi- 
sion V5, Safety of Joined Components, BAM Federal Institute for Materials Research and Testing, Berlin, Germany. He is chair of the NAS 
Standards Committee NA 092-00-29 AA, Welding Simulation, and a member of the AWS A9 Committee on Computerization of Welding 
Information. 
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Fig. 1 — Subdomains of welding simulation showing the main target and coupling factors, 
with reference to Radaj (Ref 7). 

perimental validation (Ref. 3). Based on 
these results, the influence of material 
properties on the calculation results was 
determined for better assessment of the 
relevance and accuracy of the simulation 
(Refs. 4, 5).The work was performed at 
BAM Federal Institute for Materials Re- 
search and Testing in Berlin and has laid 
the foundation for the welding simulation 
standardization activities currently under- 
way at DIN. 

Due to the complexity of the subject 
matter and demands of the industrial user, 
the NAS Standards Committee NA 092- 
00-29 AA, Welding Simulation, was estab- 
lished to further utilize the results 
achieved in the INS projects and to make 
them available as a standard. Most no- 
tably, the existent simulation methods, the 
differing calculation results as regard, for 
example, component distortion, weld pool 
formation, hardness values, or microstruc- 
ture (Refs. 6, 7), as well as the necessary 
verification and validation of the simula- 
tion results (Ref. 8), are to be summarized 
in common collaborative committee work 
undertaken by research and industry rep- 
resentatives to become an easily under- 
standable document for use in industry. 
The committee structures as well as the 
goals of the activities at DIN are explained 
in the following two sections. 

National and International 
Activities 

The Standards Committee NA 092-00- 
29 AA, Welding Simulation, which was es- 

tablished in 2009, is a subcommittee of the 
NAS Standards Committee for Welding 
and Allied Processes. It is conducted 
jointly with DVS, but the NAS office is in 
charge overall. For DVS, it represents Sub- 
group AG I 2.1 of Working Group FA 12, 
Application-Oriented Welding Simula- 
tion, of the AFT Committee for Technol- 
ogy, which acts at the same time within the 
DVS Research Association in its capacity 
as a technical committee. The resulting 
close link with the projects handled by the 
research association, in addition to the di- 
rect cooperation of the industry represen- 
tatives with the standards committee, en- 
sures a practice-oriented line of research 
and excellent thematic expertise to create 
widely accepted and comprehensive guide- 
lines suited to industry's needs. 

For the past few years, the American 
Welding Society has also been doing a lot 
of work on standards for welding simula- 
tion. Its A9, Computational Weld Me- 
chanics, group chaired by Prof. S. S. Babu 
from The Ohio State University, deals 
with the same basic themes addressed in 
Germany, but focuses more on verifica- 
tion and validation of the simulation re- 
sults. Continual active collaboration of 
German representatives on this commit- 
tee aims at bringing both approaches into 
the best possible harmony. The idea be- 
hind such collaboration is to facilitate 
later harmonization of prepared docu- 
ments in view of a potential ISO standard 
for welding simulation. In addition, col- 
laboration between the two committees 
enables a speedy exchange of information 
and experience, thus enhancing the qual- 

ity of the results and avoiding unnecessary 
parallel work. 

Current Aims of the DIN 
Standards Committee 

The German Welding Simulation 
Committee aims to prepare a guideline 
summarizing the commonly applied cal- 
culation methods for welding simulation 
and make them available in the form of a 
basic structure including illustrative ex- 
amples. This will be accomplished by tak- 
ing account of all domains in which weld- 
ing simulation is feasible and also by pro- 
viding easy-to-implement flexible exten- 
sion and adjustment options in the docu- 
ment for aspects to be considered later 
on. This task has the promise for being 
performed by dividing the domains into 
various subdomains that give an immedi- 
ate overview for identifying the items to 
which new methods and computation aims 
have to be allocated. A frequently adopted 
schematic categorizing the various weld- 
ing simulation subdomains into the three 
groups of process, structure, and materi- 
als simulation was presented by Radaj 
(Ref. 7), as depicted in Fig. 1. 

The target factors addressed in this 
schematic will be covered by the basic DIN 
specification structure while ensuring flex- 
ible extension of the document with re- 
spect to future simulation methods and 
calculation aspects. The DIN specifica- 
tion will not lay down strict targets but in- 
stead provide a general list of data re- 
quired for a structured approach and for 
effective simulation traceability. Atten- 
tion is given to the following subtopics: 

• Simulation object. Description of the 
component or structure, respectively, 
and of all necessary data relating to the 
applied welding procedures and param- 
eters. 

• Simulation goal. Details concerning the 
desired calculation results. 

• Physical model. Description of the phys- 
ical processes to be simulated, of the 
given boundary conditions, as well as in- 
dication of the simplifications and as- 
sumptions made. 

• Mathematical model and method of so- 
lution. Data relating to the geometric 
model, dimensionality, and adopted 
method of solution. 

• Implementation. Indication of the ap- 
plied specific software, and details con- 
cerning networking, material character- 
istics, etc. 

• Evaluation and display of results. 
• Recommended measures to ensure the 

simulation results. These include veri- 
fication, validation, calibration, and 
checking. 

• Documentation of the approach and re- 
sults. 
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The last aspect includes preparation of 
a generally valid report template that takes 
account the mentioned points and, if ap- 
propriately applied, improves the compa- 
rability of various calculation projects. For 
completion, this structure will be exempli- 
fied by applying it to specific simulation 
projects for illustration and transparency. 
This will add to the convenience of appli- 
cation, particularly for users without ex- 
pert knowledge of welding simulation, and 
may help them get into this subject mat- 
ter. Further examples will be collected con- 
tinually and made available in an identi- 
cal form giving a clear overview and pro- 
viding a universally valid structure, sup- 
ported by examples from practice, in the 
form of a generally accepted DIN standard 
as a medium- or long-term perspective. 

Summary and Outlook 

Simulation of the welding process of- 
fers vast potential for analyzing and opti- 
mizing the processes and for predicting 
component properties. Due to the com- 
plexity of the welding process and of the 
manifold simulation approaches, it is still 
difficult for nonexperts to select the ap- 
propriate approach and apply it correctly. 
This is the reason why a practice-linked 
guideline for the application of welding 
simulation in industry is urgently needed 
in order to exploit the existing potential, 
especially for users just getting into weld- 
ing simulation. Additionally, the guide- 
line will provide the basis for effective 
comparability between various simulation 
projects that will greatly help to ease ap- 
plication and communication for both cus- 
tomers and engineering service providers. 

Such a guideline is currently being pre- 
pared at the German Institute for Stan- 
dardization in direct cooperation with the 
German Welding Society. Cooperation of 
representatives of both industry and re- 
search contributes to successful and prac- 
tice-linked standardization work taking into 
account the current state of the art of re- 
search and development. The near-term 
focus of the activities is to complete an of- 
ficial DIN specification for welding simu- 
lation including various examples. (The first 
part of DIN SPEC 32534, Numerical Weld- 
ing Simulation, became available in March.) 
Mid-term, this document is supposed to be 
provided with further examples, and over 
the long run it is intended to be transformed 
into a DIN standard. An international in- 
troduction at the ISO level is possible in the 
future in cooperation with the American 
Welding Society and other groups working 
on the same topic.4 
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Latest Developments in 
Welding Skills Training 

Virtual welder training offers cost and safety advantages 
over traditional training methods 

BY STEFFEN KEITEL AND CHRISTIAN AHRENS 

Education and career are two sides of 
the same coin. This is not a new idea in 
the world of technical skills because, from 
the origin of handicrafts, it has been 
known that a good apprenticeship is the 
basis of sound skills and it is the skilled 
craftsperson who usually obtains eco- 
nomic success. To this end, craftspeople 
have often traveled around after their ap- 
prenticeship in order to learn new meth- 
ods and working skills. 

In industry, too, continuous education 
is the basis of success. This has been 
proven by companies that have been suc- 
cessful for many decades. 

New Methods: Virtual 
Welding Trainers 

Not only in theoretical education, but 
also in practical training, the basic struc- 
tures that have remained unchanged for 
more than 50 years must be reconsidered. 
There are many things that influence 
welders and their handicraft skills; there- 
fore, the following must be considered: 
• Developments in welding equipment, 

and in particular, electric power sources 
• Changes in personal protection for 

workers 
• New material properties (base metals, 

filler metals, gases) 
• Increasing productivity within the com- 

pany 
• Specialization of products. 

Moreover, the question must be raised 
for training institutes on how they can re- 
duce the length and cost of educational 
programs while still improving the qual- 
ity of the education they provide. Further- 
more, educational organizations must en- 

sure that students can commence their 
training at any time. For teachers, this 
means they must be nearly 100% flexible 
when presenting the training course. 

In order to meet these demands, we 
need to take a look at what takes place in 
other fields. For example, in competitive 
sports, complex motions are trained sep- 
arately. In principle, this is also possible 
in welding. 

In the 1990s, Gesellschaft fiir Schweiss- 
technik International mbH (GSI), as part 
of a common research project with the 
Paton Institute in Kiev, laid the founda- 
tion for a device called a "virtual welding 
trainer" — Fig. 1. With the virtual weld- 
ing trainer, the basic capabilities of arc 
welding are taught without the need to 
strike the high-performance arc. Instead, 
a pilot arc simulates the actual working 
conditions of a welder. The three-dimen- 
sional guidance of the torch is electroni- 
cally controlled, and the welders receive 
instructions through a signal and audio 
voice unit inside the helmet for carrying 
out corrections — Figs. 2-4. The pilot arc 
simulates the actual welding process and 
trains the welder in how to strike the arc. 
During welding, the trainee listens to the 
sounds the welding arc makes, and after 
the program sees a real weld interface. 
With each weld, an examination of the pa- 
rameters is performed. The range of pa- 
rameters presented after the trainee has 
finished welding shows the consistency of 
the movements. Only after the trainee suc- 
cessfully completes the virtual training ex- 
ercises does the "training in safety" end 
and the trainee changes to high-perform- 
ance power sources. 

Once the student completes virtual 
training, he or she can carry out the move- 

ments already learned to concentrate on 
the high-performance arc and formation 
of the weld pool. One after the other or 
in different combinations, the trainee can 
learn to optimize the welding speed, torch 
angles, contact tube distance, and igni- 
tion. 

This step-by-step procedure helps the 
trainee avoid the mistakes that might 
creep in during the movements, which 
otherwise could be corrected only at a 
large expense. 

The extent of assistance is also im- 
proved when virtual welding trainers are 
used. Initial mistakes are reduced and the 
processes can be split into individual com- 
ponents on which the student can better 
concentrate. For the final handling of the 
torch, all the components can be brought 
together again. 

With this type of equipment, the train- 
ing scheme of the vocational training cen- 
ter must be changed in order to make use 
of all the advantages of the new technol- 
ogy. These advantages include the follow- 
ing: 
• Ability to use standard lecture rooms 
• The more expensive welding booths can 

be reserved for training advanced stu- 
dents and not for beginning trainees 

• Fewer trainer's hours required (30 to 
50% reduction) 

• Less material, gas, electrodes ($34/day) 
• Less energy (50 to 60% reduction) 
• No exhaust or welding curtain needs 
• Less smoke means less filtering needed 
• Utilizes same power source as for weld- 

ing 
• Improved attraction and motivation for 

young people 
• Less wear and fewer repairs on equip- 

ment 

STEFFEN KEITEL is managing director and CHRISTIAN AHRENS (ahrens@gsi-slv.de) is managing director, foreign business, GSI- 
Gesellschaft fiir Schweisstechnik International mbH (German Welding Institute), Duisburg, Germany. 
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Fig. 1 — Training of manual skills when using the virtual welding    Fig. 2 — Position-controlled welding torch. 
trainer. 

• Continuous observation of correct han- 
dling methods (position, speed, work- 
piece distance). 
In the long term, such development of- 

fers advantages for everyone: trainee, 
training center, industry, and last but not 
least, the developer of the training system. 

Virtual systems such as the one de- 
scribed here have been developed world- 
wide by using modern computer technolo- 
gies in 3D or 2D versions. At the Essen 
Welding Show in September 2009, eight 
companies from all over the world pre- 
sented their virtual welding equipment at 
the GSI booth. Following are some virtual 
weld training products already on the 
market: 
• Welding Trainer, SLV Halle, Germany 
• CS Wave, France 
• VRTEX®360, The Lincoln Electric Co., 

Cleveland, Ohio 
• Arc-K 123 Certification, Inc., Canada 

Virtual Welding, Fronius, Austria 
Welding Trainer, Apolo Studio, Spain. 

Summary 

GSI has contributed several newer ed- 
ucation competencies such as distance 
learning courses, blended learning, and 
the training device "Virtual Welding 
Trainer." 

Because welding is embedded into 
more and more complex processes, edu- 
cation in welding must also include inter- 
disciplinary subjects. These include mate- 
rial testing and corrosion protection. The 
training and further education of design- 
ers in the field of welding technology also 
needs to be given special attention. 

In addition, modern education pre- 
supposes a close relation to the general 
state of the art of science and technology. 

To this end, the network of the Interna- 
tional Institute of Welding and, in partic- 
ular, the elevated competences of uni- 
versity research institutes offer the best 
opportunities. 

In September 2010, at the first inter- 
national conference Welding Trainer 2010 
— The Future of Education, the virtual 
welding training industry met in Duisburg, 
Germany. The international conference 
was supported by most of the experienced 
developers and users of virtual welding 
trainer systems from the United States, 
Canada, France, Spain, Austria, and Ger- 
many. It offered a large forum with more 
than 80 participants from 5 continents and 
25 countries to discuss new and innova- 
tive teaching methods. The final decision 
of the parties involved was to go ahead 
with their development of virtual welding 
systems and to repeat the event on a bian- 
nual schedule.4 

Fig. 3 — Welding position control. Fig. 4 — Interactive welding helmet. 
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COMING 
EVENTS NOTE: A DIAMOND (*) DENOTES AN AWS-SPONSORED EVENT 

AeroDef Manufacturing Expo. April 5-7. Anaheim Convention 
Center, Anaheim, Calif. Sponsored by Society of Manufacturing 
Engineers; http://aerodef.sme. org. 

Nano and Micromanufacturlng Confs. & Exhibits. April 5, 6. 
Drury Lane Convention Center, Oakbrook Terrace, 111. Society of 
Manufacturing Engineers; www.sme.org/nanomanufacturing; 
www. sme. org/micro. 

Aluminum Assn. Spring Meeting. April 7-9. Sanibel Harbour 
Marriott Resort & Spa, Fort Myers, Fla.; www.aluminum.org. 

GAWDA Spring Management Conf. April 11-13. Marriott Tampa 
Waterside Hotel & Marina, Tampa, Fla. Gases and Welding Dis- 
tributors Assn., www.gawda.org. 

Composites Manufacturing. April 12-14. Dayton Convention 
Center, Dayton, Ohio. Sponsored by Society of Manufacturing 
Engineers; www. sme. org/composites. 

IPC APEX Expo "Electronics Industry Show. April 12-14. Man- 
dalay Bay Resort and Convention Center, Las Vegas, Nev.; 
www. ipcapexexpo. org. 

HOUSTEX. April 18-20. George R. Brown Convention Center, 
Houston, Tex. Sponsored by Society of Manufacturing Engineers; 
www. houstexonline. com. 

INTERTECH 2011. May 2-4. Hyatt Regency O'Hare, Chicago, 
111. To share new technology and application developments for all 

superabrasive materials; www.intertechconference.com. 

Offshore Technology Conf. May 2-5. Reliant Park, Houston, Tex.; 
www. otcnet. org/2011/. 

Int'l Conf. on Soldering and Reliability. May 3-6, Crowne Plaza 
Toronto Airport Hotel, Toronto, Ont., Canada. Surface Mount 
Technology Assn. Int'l, www.smta.org. 

JOM-16, Int'l Conf. on the Joining of Materials and ICEW-7,7th 
Int'l Conf. on Education in Welding. May 10-13. Sankt Helene 
Centre, Tisvildeleje, Denmark. Contact JOM Institute, Gilleleje, 
Denmark. Phone +45 48 35 54 58; jom_aws@postIO.tele.dk. 

♦ AWS WELDMEX. May 11-13, Cintermex, Monterrey, Mexico. 
Colocated with FABTECH Mexico and MetalForm Mexico. See 
the latest welding and cutting products, thermal spray, metal fin- 
ishing and safety equipment, metalforming products, tool and die, 
metal stamping, forming and assembly, and a variety of bending 
and fabrication products, including laser and plasma cutting, coil 
processing, roll forming, plate and structural fabricating, saws and 
cut-off machines, tooling, press brakes, shears, punching, and tube 
and pipe equipment; www.awsweldmex.com. 

North American Steel Construction Conf. May 11-14. David L. 
Lawrence Conf. Center, Pittsburgh, Pa.; www.aisc.org/content. 
aspx?id=25212. 

Int'l Symposium on Nondestructive Testing of Materials and 
Structures. May 15-18. Suleyman Demirel Cultural Center, 
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Maslak Campus of Istanbul Technical University, Istanbul, 
Turkey; www.ndtms.itu.edu.tr. 

ASQ World Conf. on Quality and Improvement and Quality In- 
stitute for Healthcare Conf. May 16-18. David L. Lawrence Con- 
vention Center, Pittsburgh, Pa. Sponsored by American Society 
for Quality, http://wcqi.asq.org. 

Cold Spray 2011, 1st Australasian Cold Spray Conf. May 16-18. 
The Langham Melbourne, Melbourne, Southbank, Victoria, Aus- 
tralia; www.csiro.au/org/ColdSpray-Conference-2011.html. 

EASTEC Eastern States Expo. May 17-19. West Springfield, 
Mass. Sponsored by the Society of Manufacturing Engineers; 
www. easteconline. com. 

♦ AWS National Robotic Arc Welding Conf. and Expo. May 23-25. 
Sponsored by AWS D16 Committee on Robotics and Automatic 
Welding and AWS Milwaukee Section. Contact Karen Gilgenbach, 
(262) 613-3790, Karen.gilgenbach@airgas.com. 

Russia Essen Welding & Cutting. May 23-26. Krasnaya Presnya 
Expo Center, Moscow, Russia; www.schweissen-schneiden.com. 

Beijing-Essen Welding & Cutting Fair. June 2-5. New Int'l Expo 
Center, Shanghai, China; www.beiiing-essen-welding.de/. 

SME Annual Conf. June 5-7. Hyatt Regency Bellevue, Bellevue, 
Wash. Sponsored by Society of Manufacturing Engineers; 
www. sme. org/conference. 

Int'l Chemical and Petroleum Industry Inspection Technology 
XII Conf. June 8-11. Houston Marriott North at Greenspoint, 
Houston, Tex.; www.asnt.org. 

FREE 
Sample 

The smooth wr 
Nissen® Solid Paint Mark 

permanently marks metal, wood, 
plastic or glass, using a specially 

formulated solid stick of paint, protected by an 
unbreakable plastic case. They will write on any 
surface; rough, smooth, wet or oily. 

• Will even mark underwater 
• UV resistant marks will not chip, peel, or fade 
• Can be conveniently and cleanly carried in your pocket 
• Marking Range-50F-150F 

www.nissenmarkers.com 

#**3 >-^ 
%v 

215-886-2025 / Fax: 215-886-0707 
To request a free sample of this product, please visit us at 

www.nissenmarkers.com/offers/AWS 

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

TECHNICAL TRAINING 
The Hobart Institute of Welding Technology 
offers our comprehensive Technical Training 
courses through the year! Upcoming start-dates: 

Prep for AWS Certified Welding Supervisor Exam 
Sep 19 

Prep for AWS Welding Inspector/Educator Exam 
Apr 4 : May 9 : Jun 13 : Jul 25 : Oct 3 : Dec 5 

Visual Inspection 
Jul6:Nov21 

Welding for the Non Welder 
May 23 : Aug 15 : Nov 14 

Arc Welding Inspection & Quality Control 
Jun 6 : Sep 26 : Nov 28 

Welding Instructor Course 
JullS 

Liquid Penetrant & Magnetic Particle Inspection 
May 9 : Aug 29 : Oct 24 

1-800-332-9448 
or visit us at www.welding.org 

for more information. 
© 2011 Hobart Institute of Welding 

Technology, Troy, OH 
St. of Ohio Reg. No. 70-12-0064HT 

IQBART INSTITUTr 
I OF WELDING TECHNOLOGY l_l 

WWW.GULLCD.CC3M 

THROUGH THE ARC 
HEIGHT SENSING 

CONSTANT VOLTAGE 

E.A.H.S 
ELECTRONIC ARC HEIGHT 5EN5DR 

0 works with GMAW and Subarc 
Extremely Accurate Arc 
Detection 

Ideal for Overlay and 
Automated GMAW 

Easy Setup and Torch 
Calibration 

Remote Controlled 

Compatible with Standard 
Exsisting Welding Cables 

r »-* 

»>>.> 

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

GULLCQ   INTERNATIDNAL  INC. -  U.S.A 
21568 Alexander Road    -   Cleveland   -   Ohio  -  44146 

Tel: 440-439-8333     Fax: 440-439-3634     e-mail: ussales@gullco.com 

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

WELDING JOURNAL 



Western Manufacturing Technology Show. June 14-16. Edmon- 
ton Expo Centre, Edmonton, Alb., Canada. Sponsored by Society 
of Manufacturing Engineers; www.wmts.ca. 

IIW 64th Annual Assembly and Int'l Conf. on Global Trends in 
Joining, Cutting, and Surfacing Technology. July 17-22. Chennai 
Trade Center, Chennai, India; www.iiwindia.com. 

ASNT Digital Imaging XIV. July 18-20. Foxwoods Resort, 
Mashantucket, Conn.; www.asnt.org. 

Weld India 2011, Int'l Expo on Joining, Cutting, and Surfacing. 
July 21-23. Chennai Trade Center, Chennai, India; 
www. iiwindia. com. 

ImX-Interactlve Manufacturing Experience. Sept. 12-14. Las 
Vegas Convention Center, Las Vegas, Nev. Sponsored by the So- 
ciety of Manufacturing Engineers; www.imxevent.com. 

Die Casting Congress & Tabletop. Sept. 19-21. Greater Colum- 
bus Convention Center, Columbus, Ohio. Sponsored by North 
American Die Casting Assn.; www.diecasting.org/congress. 

DVS Congress and Expo. Sept. 27-29. Congress Center, Ham- 
burg, Germany. Sponsored by Messe Essen and German Welding 
Society; www.dvs-expo.de. 

Offshore Technology Conf. and Exhibition (OTC Brasll 2011). 
Oct. 4—6, Riocentro, Rio de Janeiro, Brazil; www.otcbrasil.org. 

GAWDA Annual Convention. Oct. 9-12, Times Square Marriott 
Marquis, New York, N.Y. Gases and Welding Distributors 
Assoc; www.gawda.org. 

SOUTH-TEC. Oct. 11-13. Charlotte Convention Center, Char- 
lotte, N.C. Sponsored by Society of Manufacturing Engineers; 
www. southteconline. com. 
SMTA Int'l Conf. and Expo. Oct. 16-20, Fort Worth Convention 
Center, Fort Worth, Tex. Surface Mount Technology Assn. Int'l, 
www.smta.org. 

Educational Opportunities 

ASME Section IX Seminars. June 6-8 and Oct. 24-26, Houston, 
Tex.; Dec. 5-7, Atlanta, Ga. Call Marian Hess, (212) 591-7161; 
www. asme. orglEducationlCourseslPublicl. 

Brazing Seminars. Three-day programs beginning April 19, Los 
Angeles, Calif.; May 17, Hartford, Conn.; Oct. 11, Greenville, 
S.C.; Nov. 15, Hartford, Conn. Contact: Kay & Associates, (860) 
651-5595; dan@kaybrazing.com; www.kaybrazing.com. 

CWI/CWE Preparation with Exam. AWS Certified Welding 
Inspector and AWS Certified Welding Educator, two-week-long 
classes beginning April 4, May 9, June 13, July 25, Oct. 3, Oct. 31, 
Dec. 5. Hobart Institute of Welding Technology, Troy, Ohio; 
www.welding.org; hiwt@welding.org; (800) 332-9448. 

Certified Welding Supervisor Preparation with Exam. Two- 
week-long class beginning Sept. 1. Hobart Institute of Welding 
Technology, Troy, Ohio; www.welding.org; hiwt@welding.org; 
(800)332-9448. 

Fundamentals of Brazing Seminar. April 12-14, Doubletree 
Hotel Charlotte Airport, Charlotte, N.C. Contact Lucas- 
Milhaupt, (800) 558-3856; www.lucasmilhaupt.com. 

Laser Safety Officer Course. April 5-7, San Francisco, Calif.; 
June 7-9, St. Paul, Minn. Contact Laservision Academy, (800) 
393-5565; http://academy lasersafety. com. 

Robotic Arc Welding Training and Certification. Week of May 
23, Davenport, Iowa. Preparation and testing for AWS CRAW-T 
and CRAW-O certifications. Genesis-Systems Group. Call Jane 
Eagle, (563) 445-5688. 

Canadian Manufacturing Technology Show. Oct. 17-20. Direct 
Energy Centre, Toronto, Ont., Canada. Sponsored by Society of 
Manufacturing Engineers; www.cmts.ca. 

16th International Conference on the Joining of Materials JOM 16 
and 

7th International Conference on Education in Welding ICEW-7 
CONFERENCE and EXHIBITION 

May10-May13, 2011 
Sankt Helene Centre, Tisvildeleje, Denmark 

All Are Invited 

The organizers cordially invite you to attend JOM 16/ICEW-7, 
whether you wish to participate, to give a presentation of your 
activities, or you wish to publicize and share the knowhow of 
your enterprise or research group with fellow researchers and 
engineers. 

Main Topics 

The conference program will cover all aspects of developments 
in joining and material technology but papers with the following 
topics are especially relevant: 

1. Recent developments in joining technology - 
dering, brazing, 
2. Advances in materials, metallurgy, weldability 

■ welding, sol- 

3. Applications with close relevance to industry needs, including 
oil and gas, power generation, 
4. Weld quality, structural properties and environmental consid- 
erations, 
5. Education, training, Oualification and Certification of weld- 
ing personnel 
6. Process monitoring, sensors, control. 
7. Mathematical modeling and simulation 

The Conference venue, as well as accommodation and the exhi- 
bition, all take place at the scenic Sankt Helene Centre in 
Tisvildeleje, Denmark 

Requests for a registration form, or for further information, 
should be sent by e mail or posted to:   JOM, Gilleleje Strand- 
vej 28. DK-3250 Gilleleje. DENMARK 
Telephone: +45 48355458      E-Mail: jom_aws@postl0.tele.dk 
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Is Your Fabricating 
Facility Certified by AWS? 
m 

customers that your facility has the resources, procedures, and personnel to 
apply a quality management system to your welding and inspection activities. 
Let AWS assess your quality program and work with you onsite to improve it. 

Our Certified Welding Fabricators experience increased productivity and a 
reduction in nonconformances, as well as a competitive sales advantage. 

For more information on the AWS Certified Welding Fabricator program, 
call 1-800-443-9353 ext 448, or see a video introduction on our website at 

www.aws.org/certification/FAB 



CERTIFICATION 
SCHEDULE 

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. 

Certified Welding Inspector (CWI) 9-Year Recertification Seminar for CWI/SCWI For current 
LOCATION SEMINAR DATES EXAM DATE CWIs and SCWIs needing to meet education requirements with- 
Corpus Christi, TX Exam only April 23 out taking the exam. The exam can be taken at < my site listed 
St. Louis, MO Exam only April 23 under Certified Welding Inspector. 
Baton Rouge, LA May 1-6 May 7 LOCATION                            SEMINAR DATES EXAM DATE 

San Francisco, CA May 1-6 May 7 Sacramento, CA                  May 9-14 No exam 
Waco, TX Exam only May 7 Pittsburgh, PA                      June 6-10 No exam 
Nashville, TN May 8-13 May 14 San Diego, CA                    July 11-16 No exam 
Jacksonville, FL May 8-13 May 14 Miami, FL                           July 17-23 No exam 
Baltimore, MD May 8-13 May 14 Orlando, FL                        Aug. 22-27 No exam 
Detroit, MI May 15-20 May 21 Denver, CO                         Sept. 19-24 No exam 
Miami, FL May 15-20 May 21 Dallas, TX                           Oct. 17-22 No exam 
Albuquerque, NM May 15-20 May 21 
Long Beach, CA Exam only May 28 Certified Welding Supervisor (CWS) 
Spokane, WA June 5-10 June 11 LOCATION                            SEMINAR DATES EXAM DATE 

Oklahoma City, OK June 5-10 June 11 Minneapolis, MN                July 18-22 July 23 
Birmingham, AL June 5-10 June 11 Miami, FL                            Sept. 12-16 Sept. 17 
Hartford, CT June 12-17 June 18 Norfolk, VA                         Oct. 17-21 Oct. 22 
Pittsburgh, PA June 12-17 June 18 CWS exams are also given at all CWI exam sites 
Beaumont, TX June 12-17 June 18 
Miami, FL June 12-17 June 18 Certified Radiographic Interpreter (CRI) 

Corpus Christi, TX 
New Orleans, LA 
Phoenix, AZ 
Memphis, TN 
Miami, FL 
Orlando, FL 
Milwaukee, WI 
Los Angeles, CA 

Exam only 
July 10 
July 10 
July 10 
July 10 
July 17-22 
July 17-22 
July 17-22 

June 25 
July 16 
July 16 
July 16 
July 16 
July 23 
July 23 
July 23 

LOCATION                            SEMINAR DATES          EXAM DATE 

Las Vegas, NV                     May 16-20                  May 21 
Miami, FL                           June 6-10                   June 11 
Dallas, TX                           July 18-22                  July 23 
Chicago, IL                          Sept. 12-16                 Sept. 17 
Pittsburgh, PA                      Oct. 17-21                  Oct. 22 
The CRI certification can be a stand-alone credential or can 
exempt you from your next 9-Year Recertification. 

Sacramento, CA July 17-22 July 23 Certified Welding Sales Representative (CWSR) 
Kansas City, MO July 24-29 July 30 LOCATION                            SEMINAR DATES EXAM DATE 
Cleveland, OH July 24-29 July 30 Miami, FL                            May 4—6 May 6 
Louisville, KY July 24-29 July 30 Atlanta, GA                         June 8-10 June 10 
Denver, CO July 31-Aug. 5 Aug. 6 Miami, FL                           Aug. 24-26 Aug. 26 
Philadelphia, PA July 31-Aug. 5 Aug. 6 Indianapolis, IN                   Sept. 21-23 Sept. 23 
San Diego, CA Aug. 7-12 Aug. 13 CWSR exams will also be given at CWI exam sites. 
Chicago, IL 
Miami, FL 

Aug. 7-12 
Aug. 7-12 
Aug. 14-19 

Aug. 13 
Aug. 13 
Aug. 20 

Certified Welding Educator (CWE) Seminar and exam are 

Charlotte, NC given at all sites listed under Certified Welding Inspector. 

San Antonio, TX Aug. 14-19 
Aug. 14-19 

Aug. 20 
Aug. 20 

Seminar attendees will not attend the Code Clinic portion of the 

Bakersfield, CA seminar (usually the first two days). 

Portland, ME Aug. 21-26 Aug. 27 Senior Certified Welding Inspector (SCWI) Exam can be 
Salt Lake City, UT Aug. 21-26 Aug. 27 taken at anv site listed under Certified Weldins Inspector. No 
Pittsburgh, PA Aug. 21-26 Aug. 27 preparatory seminar is offered. 
Seattle, WA Aug. 21-26 Aug. 27 
Houston, TX Sept. 11-16 Sept. 17 Certified Welding Engineer (CWE) Exam can be taken at any 
Minneapolis, MN Sept. 11-16 Sept. 17 site listed under Certified Welding Inspector. No preparatory 
St. Louis, MO Sept. 18-23 Sept. 24 seminar is offered. 
Miami, FL 
New Orleans, LA 

Sept. 18-23 
Sept. 18-23 

Sept. 24 
Sept. 24 

Certified Robotic Arc Welding (CRAW) 
WEEK OF                 LOCATION CONTACT 

Tulsa, OK 
Long Beach, CA 
Newark, NJ 
Nashville, TN 

Oct. 16-21 
Oct. 16-21 
Oct. 16-21 
Oct. 16-21 

Oct. 22 
Oct. 22 
Oct. 22 
Oct. 22 

April 25   Wolf Robotics, Ft. Collins, CO 
May 2      ABB, Inc., Auburn Hills, MI 
May 23     Genesis-Systems , Davenport, IA 
Aug. 1      Wolf Robotics, Ft. Collins, CO 
Aug. 1      ABB, Inc., Auburn Hills, MI 

(970) 225-7736 
(248) 391-8421 
(563) 445-5688 
(970) 225-7736 
(248) 391-8421 Portland, OR Oct. 23-28 Oct. 29 

Roanoke, VA Oct. 23-28 Oct. 29 
Cleveland, OH Oct. 23-28 Oct. 29 
Detroit, MI Oct. 23-28 Oct. 29 International CWI Courses and Exams 
Miami, FL Oct. 23-28 Oct. 29 Please visit www.aws.org/certification/inter_contact.html 

Important: This schedule is subject to change without notice. Please verify your event dates with the Certification Dept. and confirm your 
course status before makingyour travel plans. For information, visit www.aws.org/certification, or call (800/305) 443-9353, ext. 273, for 
Certification; or ext. 455 for Seminars. Apply early to avoid paying the $250 Fast Track fee. 
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THE PREVENTION 
OF WELD FAILURES 
June 14-1 5, 2011 - New Orleans, LA 
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WELDING 
WORKBOOK Datasheet 323 

Melt-Through and Root Surface Profiles 
Melt-through is a procedure-related discontinu- 

ity that results from improper welding procedures 
— Fig. 1A-D. It is weld metal that appears outside 
of the weld joint. An extreme case of this disconti- 
nuity is termed excessive melt-through. Melt-through 
is characterized by visible root reinforcement in a 
joint welded from one side or a hole in the weld bead. 
You can avoid melt-through by strictly adhering to 
the specified procedure and adjusting the welding 
current and voltage. 

In electrogas welding, because melt-through in the 
starting weld tab occurs outside of the production 
weld, it is not a weld discontinuity. However, it pre- 
vents satisfactory welding of the workpiece due to 
the loss of the weld pool. You can easily prevent melt- 
through in this case by using an adequate thickness 
of material on the bottom of the starting weld tab or 
by attaching a backup plate to the starting weld tab. 
Poorly fitted backing shoes can also result in melt- 
through. 

Figure IE and F depict convex and concave 
root surface profiles, respectively. The root surface 
is the exposed surface of a weld opposite the side 
from which welding was done. Figure 2 offers other 
views of the root surface.♦ 

Fig. 1 — Melt-through and mot surface profile. 

^^ 

SURFACE '          ^^^y/   __^^           ^^ 
\l 
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Fig. 2 — Root surface. 

Excerpted from the Welding Handbook, Volumes 1 and 2, ninth edition, and AWS A3.0, Standard Welding Terms and Definitions. 
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BY HOWARD M. WOODWARD 
woodward@aws.org 

National Officers Transition in Miami 
BY KRISTIN CAMPBELL 

During the officers' transition cere- 
mony held Feb. 4 at AWS headquarters in 
Miami, Fla., John Mendoza stated he will 
focus on AWS certification during his 
term as 2011 president of the Society. 

"The work that this organization does 
is relevant to people's lives, their careers, 
and their standard of living. I hope we 
never take that for granted," Mendoza 
said. He recalled seeing cutting-edge tech- 
nology and research at the Los Alamos 
and Sandia National Laboratories. "The 
way that we were treated there really 
brought home the impact of what this of- 
fice (AWS president) means to so many 
people." 

Mendoza acknowledged the AWS vol- 
unteers and staff members. "The two to- 
gether just work," he said. This can been 
seen through many accomplishments, in- 
cluding the future AWS headquarters ex- 
pansion move to Doral, Fla. 

John Bruskotter, outgoing president, 
spoke about his travels worldwide. He 
cited a meeting with the German Welding 
Society officials who marveled at AWS's 
growth in achieving nearly 67,000 mem- 
bers in these tough economic times. He 
also expressed appreciation for the Soci- 
ety's hard-working volunteers and staff 
members. "I'm pleased to have repre- 
sented you this year, and I thank you for 
having me as your president." 

Miami Mayor Tomas Regalado pro- 
claimed Feb. 4 as American Welding So- 
ciety Day in the city. The mayor of Miami- 
Dade County also sent a proclamation de- 
claring Feb. 4 as AWS Day in the county. 

The following officers and spouses at- 
tended the event: AWS Foundation Chair 
Gerald Uttrachi and Christine, past Pres- 
ident Ronald Pierce and Joyce, District 18 
Director John Bray and Luanne, District 
20 Director William Komlos and Carol, 
past AWS President Victor Matthews and 
Sally, Treasurer Robert Pali and Annette, 
District 16 Director David Landon and 
Kay, Vice President Nancy Cole and Leon, 
and Vice President William Rice Jr. and 
Cherry. Also attending were Vice Presi- 

dent Dean Wilson, Director-at-Large 
Thomas Lienert, Executive Director Ray 
Shook, and the AWS headquarters staff 
members. 

Employee of the Year 

Willie Chinn, the graphic artist in the 
Marketing Department, received the 2010 
Michael A. Rowland Employee of the 
Year Award. This peer-nominated honor 
recognizes an employee who has provided 
exemplary service and made notable con- 
tributions above the scope of normal du- 
ties, plus possesses an attitude and behav- 
ior contributing to teamwork and positive 
treatment of others in ways that exceeded 
job expectations. 

Chinn's citation read, in part, "His 
artistry has elevated the public image of 
many of AWS's programs. He uses his cre- 
ative gifts and technical skills to add per- 
ceived value to our products. He is not 
only an excellent graphic designer, he also 
uses unique 3D modeling technology to 
create realistic illustrations to meet our 
marketing needs. This has saved AWS tens 
of thousands of dollars in photography 
costs." 

Chinn has created logos and graphic 
identities for new programs — including 
the AWS Certified Welding Fabricator, 
Accredited Test Facility, and American 
Welding University, and also completely 
redesigned Inspection Trends magazine. 

Ray Shook noted, "Millions of people 
around the world are exposed to Willie's 
work who may never attend our show or 
even talk with an AWS employee, but who 
acquire a positive image of AWS through 
his creations on the web and in print." 
With employee Cecilia Barbier, Chinn 
took the initiative to create the profes- 
sional Image of Welding trophy, design- 
ing a prototype, and getting funding for 
this project. 

Chinn's recognition included an en- 
graved mantel clock, $1000, dinner for two 
at a local restaurant, and a reserved park- 
ing space for one year.4 

John Bruskotter (left) and John Mendoza, 
the 2010 and 2011 AWS presidents, respec- 
tively, chat at the transition program. 

Willie Chinn earned the 2010 Michael A. 
Rowland Employee of the Year Award. 

Miami Mayor Tomas Regalado (left), with 
President Mendoza, proclaimed Feb. 4 as 
American Welding Society Day in the city. 

KRISTIN CAMPBELL (kcampbell@aws.org) is associate editor of the Welding Journal. 
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Tech Topics 

Errata AWSD3.6M:2010 
Underwater Welding Code 

The following errata have been 
identified and will be incorporated into 
the next reprinting of this document. 

Page 72. Table 8.1, note a — Cor- 
rect "First position only. Qualification 
for additional positions will omit 
groove weld tension, macroetch, and 
fillet weld shear strength tests." to 
"First position only. Qualification for 
additional positions will omit groove 
weld tension, macroetch, Charpy tests, 
and fillet weld shear strength tests." 

Page 72. Table 8.1, note 1 — Cor- 
rect "WM — Weld Metal; HAZ = 
Heat-Affected Zone." to "HAZ 
Charpy Impact Testing is not required 
for qualification of wet welding proce- 
dures. WM = Weld Metal; HAZ = 
Heat-Affected Zone." 

Page 75. Table 8.2, footnote b — 
Correct "See 5.11.5 and Table 8.1, Note 
5." to "HAZ Charpy Impact Testing is 
not required for qualification of wet 
welding procedures. See 5.11.5 and 
Table 8.1, footnote d." 

Page 79. Table 8.3, Column head- 
ing — Correct "Fillet Weld Break (See 
Figure 5.9)" to "Fillet Weld Break (See 
Figure 5.8)". 

New Standards Projects 
Development work has begun on the 

following standards. Affected individuals 
are invited to contribute to their develop- 
ment. To participate, call R. Gupta (305) 
443-9353, ext. 301, except as shown. Par- 
ticipation on AWS technical committees 
is open to all persons. 

A5.4/A5.4M:20XX, Specification for 
Stainless Steel Electrodes for Shielded Metal 
Arc Welding. Composition and other re- 
quirements are specified for more than 40 
classifications of covered stainless steel 
welding electrodes. The requirements in- 
clude general requirements, testing, and 
packaging. Annex A provides application 
guidelines and other useful information 
about the electrodes. This specification 
makes use of both U.S. Customary Units 
and the International System of Units [SI]. 
Stakeholder: Welding Industry. 

A5.14/A5.14M:20XX (ISO 18274:2010 
MOD), Specification for Nickel and Nickel- 
Alloy Bare Welding Electrodes and Rods. 
The chemical compositions of 51 nickel 
and nickel-alloy welding electrodes and 
rods are specified, including one compo- 
sition not previously classified. Major top- 

ics include general requirements, testing, 
packaging, and application guidelines. 
This specification makes use of both U.S. 
Customary Units and the International 
System of Units (SI). Stakeholder: Weld- 
ing industry. 

A5.18/A5.18M:20XX, Specification for 
Carbon Steel Electrodes and Rods for Gas 
Shielded Arc Welding. This specification 
prescribes the requirements for classifi- 
cation of solid carbon steel electrodes and 
rods, composite stranded carbon steel 
electrodes, and composite metal cored 
carbon steel electrodes for gas shielded 
arc welding. Classification is based on 
chemical composition of the electrode for 
solid electrodes and rods, chemical com- 
position of weld metal for composite 
stranded and composite metal cored elec- 
trodes, and the as-welded mechanical 
properties of the weld metal for each. 
Stakeholder: Welding industry. 

A5.20/A5.20M:20XX, Specification for 
Carbon Steel Electrodes for Flux Cored Arc 
Welding. This specification prescribes the 
requirements for classification of carbon 
steel electrodes for flux cored arc weld- 
ing. Stakeholder: Welding industry. 

A5.22/A5.22M:20XX, Specification for 
Stainless Steel Flux Cored and Metal Cored 
Welding Electrodes. Classification and 
other requirements are specified for nu- 
merous grades of flux cored and metal 
cored stainless steel electrodes and rods. 
New classifications include a duplex alloy 
and three high-carbon classifications not 
previously classified. New classifications 
also include all of the metal cored elec- 
trodes that are currently in A5.9/A5.9M. 
In the next revision of A5.9/A5.9M, these 
metal cored electrodes will be deleted 
from that specification. Stakeholder: 
Welding industry. 

A5.23/A5.23M:20XX, Specification for 
Low-Alloy Steel Electrodes and Fluxes for 
Submerged Arc Welding. This specification 
provides requirements for the classifica- 
tion of solid and composite carbon steel 
and low-alloy steel electrodes and fluxes 
for submerged arc welding. Stakeholder: 
Welding industry. 

A5.28/A5.28M:20XX, Specification for 
Low-Alloy Steel Electrodes and Rods for 
Gas Shielded Arc Welding. This specifica- 
tion prescribes the requirements for clas- 
sification of solid low-alloy steel elec- 
trodes and rods, composite stranded low- 
alloy steel electrodes, and composite 
metal cored low-alloy steel electrodes for 
gas shielded arc welding. Classification is 
based on chemical composition of the 
electrode for solid electrodes and rods, 
chemical composition of weld metal for 
composite stranded and composite metal 

cored electrodes and the as-welded or 
postweld heat treated mechanical prop- 
erties of the weld metal for each. Stake- 
holder: Welding industry. 

A5.29/A5.29M:20XX, Specification for 
Low-Alloy Steel Electrodes for Flux Cored 
Arc Welding. Classification and other re- 
quirements are specified for numerous 
grades of flux cored and metal cored stain- 
less steel electrodes and rods. Stake- 
holder: Welding industry. 

C2.18:20XX, Guide for the Protection 
of Steel with Thermal Sprayed Coatings of 
Aluminum and Zinc and their Alloys and 
Composites. This guide presents an indus- 
trial process for the application of ther- 
mal spray coatings (TSC) on steel. It cov- 
ers safety, job/contract description, back- 
ground and requirements, selection of 
TSCs, TSC operator qualification, mate- 
rials and equipment, application-process 
method with quality control check points. 
Job Control Record, maintenance and re- 
pair of TSCs, records, debris containment 
and control, and warranty. Stakeholders: 
Users of AWS C2.23, thermal spray facil- 
ity owners, coating applicators, and in- 
spection and training. J. Gayler, ext. 472. 

Standards Approved by ANSI 
D1.4/D1.4M:2011, Structural Welding 

Code — Reinforcing Steel. Revision ap- 
proved 1/31/11. 

C5.3:2000 (R2011), Recommended 
Practices for Air Carbon Arc Gouging and 
Cutting. Reaffirmed 1/26/11. 

Standards for Public Review 
A5.8M/A5.8:20XX, Specification for 

Filler Metals for Brazing and Braze Weld- 
ing. Revised. $36. Review expired 3/21/11. 

A5.23/A5.23M:20XX, Specification for 
Low-Alloy Electrodes and Fluxes for Sub- 
merged Arc Welding. Revised. $46.50. Re- 
view expires 4/18/11. 

C2.19/C2.19M:20XX, Specification for 
the Application of Thermal Spray Coatings 
to Machine Elements for OEM and Repair. 
New standard. $32.50. Review expires 
4/4/11. 

C6.2/C6.2M:2006 (R20XX), Specifica- 
tion for Friction Welding of Metals. Reaf- 
firmed standard. $25. Review expires 
4/4/11. 

AWS was approved as an accredited 
standards-preparing organization 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 dur- 
ing the approval process. The above stan- 
dards were submitted for public review. 
To order draft copies, contact R. O'Neill, 
roneill@aws.org, (305) 443-9353, ext. 451. 
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Technical Committee Meetings 
All AWS technical committee meet- 

ings are open to the public. To attend a 
meeting, call the committee secretary, 
(305) 443-9353, at the extension listed. 

April 5, 6. D15 Committee on Rail- 
road Welding. Chicago, 111. S. Borrero, 
ext. 334. 

April 5, 6. D15A Subcommittee on 
Freight Cars and Their Materials. 
Chicago, 111. S. Borrero, ext. 334. 

April 26-28. B2 Committee on Proce- 
dure and Performance Qualifications. 
Salt Lake City, Utah. J. Gayler, ext. 472. 

May 4-6. A2 Committee on Defini- 
tions and Symbols. Virginia Beach, Va. S. 

Borrero, ext. 334. 
May 10-12. D14 Committee on Ma- 

chinery and Equipment. Milwaukee, Wis. 
M. Rubin, ext. 215. 

May 17-19. D17 Committee on Weld- 
ing in the Aircraft and Aerospace Indus- 
tries. Seattle, Wash. A. Diaz, ext. 304. 

Contribute Your Knowledge to These Technical Committees 
It is the volunteers on AWS Techni- 

cal Committees who provide the expert- 
ise to develop the standards, codes, and 
other technical publications to serve in- 
dustry's ever-changing needs for weld- 
ing and allied processes. Currently, more 

than 1800 volunteers serve on the 160 
American Welding Society technical 
committees and subcommittees. 

Membership on AWS technical com- 
mittees is open to everyone. Review the 
committee volunteer openings outlined 

here, then contact the committee secre- 
tary listed to learn more about the ad- 
vantages and requirements for con- 
tributing to this work. 

Joining Wrought Nickei Aiioys 
The G2C Subcommittee on Nickel Alloys seeks volunteers 

to review G2.1M/G2.1, Guide for the Joining of Wrought Nickel- 
Based Alloys, and participate in the regular meetings and tele- 
conferences. Contact Stephen Borrero, sborrero@aws.org, ext. 
334. 

Marine Construction 
The D3 Committee for Welding in Marine Construction to 

contribute to the development of D3.5, Guide for Steel Hull 
Welding; D3.6, Specification for Underwater Welding; D3.7, Guide 
for Aluminum Hull Welding; and D3.9, Specification for Classi- 
fication of Weld-Through Paint Primers. Contact B. McGrath, 
bmcgrath@aws.org, ext. 311. 

Mechanical Testing of Welds 
The B4 Committee for Mechanical Testing of Welds to con- 

tribute to B4.0, Standard Methods for Mechanical Testing of 
Welds. Contact B. McGrath, bmcgrath@aws.org, ext. 311. 

Surfacing Industrial Mill Rolls 
D14H Subcommittee on Surfacing and Reconditioning of 

Industrial Mill Rolls to revise AWS D14.7, Recommended Prac- 
tices for Surfacing and Reconditioning of Industrial Mill Rolls. 
Contact M. Rubin, mrubin@aws.org, ext. 215. 

Magnesium Alloy Filler Metals 
A5L Subcommittee on Magnesium Alloy Filler Metals to 

assist in the updating of AWS A5.19-92 (R2006), Specification 

for Magnesium Alloy Welding Electrodes and Rods. Contact R. 
Gwpte,gupta@aws.org, ext. 301. 

Robotic and Automatic Welding 
D16 Committee on Robotic and Automatic Welding to up- 

date D16.1, Specification for Robotic Arc Welding Safety; D16.2, 
Guide for Components of Robotic and Automatic Arc Welding 
Installations; D16.3, Risk Assessment Guide for Robotic Arc 
Welding; D16.4, Specification for Qualification of Robotic Arc 
Welding Personnel. Contact M. Rubin, mrubin@aws.org, ext. 
215. 

Thermal Spraying 
C2 Committee on Thermal Spraying to update C2.16, Guide 

for Thermal Spray Operator Qualification; C2.18, Guide for the 
Protection of Steel with Thermal Sprayed Coatings of Aluminum 
and Zinc and Their Alloys and Composites; C2.19, Machine El- 
ement Repair, C2.23, Specification for the Application of Ther- 
mal Spray Coatings (Metallizing) of Aluminum, Zinc, and Their 
Alloys and Composites for the Corrosion Protection of Steel. Con- 
tact J. Gayler, gayler@aws.org, ext. 472. 

Labeling and Safe Practices 
SH4 Subcommittee on Labeling and Safe Practices to up- 

date AWS F2.2, Tens Shade Selector; AWS F4.1, Safe Practices 
for the Preparation of Containers and Piping for Welding and 
Cutting; and the AWS Safety and Health Fact Sheets. S. Hedrick, 
steveh@aws.org, ext. 305. 

How to Order Journa/Article Reprints and AWS Publications 

To order custom reprints of Weld- 
ing Journal articles in quantities of 100 
or more, or electronic posting of arti- 
cles, contact Rhonda Brown, Foster 
Printing Services, rhondab@foster- 
printing.com; (866) 879-9144, ext. 194; 

www.marketingreprints. com. 
To order individual copies of Weld- 

ing Journal articles, contact Edalia 
Suarez, suarez@aws.org, or Ruben 
Lara, rlara@aws.org. 

To order AWS standards, books. 

and other publications, contact WEX 
(World Engineering Xchange), 
www.awspubs.com; call toll-free in the 
United States (888) 935-3464; else- 
where call (305) 826-6192; or FAX 
(305) 826-6195. 
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Member-Get-A-Member Campaign 

Listed below are the February 17, 2011, standings of the members participating in the 2010-2011 Member-Get-A-Member Cam- 
paign. For complete campaign rules and prize list, see page 69 of this Welding Journal, or visit www.aws.orglmgm. Call the Membership 
Department, (800) 443-9353, ext. 480, for questions concerning your member-proposer status. 

Winner's Circle 
AWS Members who have sponsored 20 

or more new Individual Members, per year, 
since June 1, 1999. The superscript denotes 
the number of years the member earned 
Winner's Circle status, if more than once. 
J. Compton, San Fernando Valley' 
E. Ezell, Mobile7 

J. Merzthal, Peru2 

G. Taylor, Pascagoula2 

L. Taylor, Pascagoula2 

B. Chin, Auburn 
S. Esders, Detroit 
M. Haggard, Inland Empire 
M. Karagoulis, Detroit 
S. McGill, NE Tennessee 
B. Mikeska, Houston 
W. Shreve, Fox Valley 
T Weaver, Johnstown/Altoona 
G Woomer, Johnstown/Altoona 
R. Wray, Nebraska 

President's Roundtabie 
Sponsored 9-19 new members 

E. Ezell, Mobile — 23 
G Kirk, Pittsburgh — 17 
M. Pelegrino, Chicago — 9 

President's Ciub 
Sponsored 3-8 new members 

M. Tryon, Utah — 8 
T Crate, Drake Well — 7 
J. Daubert, Northern New York — 6 
R. Dawson, Western Carolina — 4 
J. Dolan, New Jersey — 4 
J. Hope, Puget Sound — 4 
J. Hopwood, Iowa — 4 
D. Steyer, Niagara Frontier — 4 
D. Wright, Kansas City — 4 
G Bish, Atlanta — 3 
H. Cable, Pittsburgh — 3 
C. Crumpton, Florida W Coast — 3 
R. Ellenbecker, Fox Valley — 3 
M. Haggard, Inland Empire — 3 
D. McQuaid, Pittsburgh — 3 
F Oravets, Inland Empire — 3 
W Sartin, Long Bch./Or. Cty. — 3 
G Seese, Johnstown-Altoona — 3 
W Sturge, New York — 3 

President's Honor Roii 
Sponsored 2 new members 

M. Allen, Charlotte 

D. Berger, New Orleans 
J. Carney, West Michigan 
R. Fuller, Florida W Coast 
G Hamilton, Houston 
J. Hill, Nebraska 
A. Holt, St. Louis 
J. Kline, Northern New York 
A. Laabs, Lakeshore 
F Nguni, New Jersey 
T Palmer, Columbia 
W Wall, Auburn 
D. Wantz, York-Central Pa. 
G Watry, Houston 
S. Witkowski, Madison-Beloit 

Student Sponsors 
Sponsored 3+ Student Members 

M. Pelegrino, Chicago — 69 
G Bish, Atlanta — 50 
G Seese, Johnstown-Altoona — 36 
D. Saunders, Lakeshore — 31 
R. Culbert, Inland Empire — 28 
M. Anderson, Indiana — 27 
D. Berger, New Orleans — 27 
J. Carney, West Michigan — 27 
M. Boggs, Stark Central — 25 
G Gammill, NE Mississippi — 25 
G Kirk, Pittsburgh — 24 
H. Browne, New Jersey — 24 
S. Siviski, Maine — 22 
A. Reis, Pittsburgh — 21 
V. Facchiano, Lehigh Valley — 20 
M. Haggard, Spokane — 20 
B. Scherer, Cincinnati — 20 
A. Baughman, Stark Central — 19 
G Smith, Lehigh Valley — 19 
E. Norman, Ozark — 18 
A. Syder, Spokane — 18 
J. Bruskotter, New Orleans — 17 
T Buchanan, Mid-Ohio Valley — 17 
K. Cox, Palm Beach — 17 
S. Robeson, Cumberland Valley — 17 
D. Schnalzer, Lehigh Valley— 17 
H. Hughes, Mahoning Valley — 16 
F Oravets, Pittsburgh — 16 
T Crate, Drake Well — 15 
C Hobson, Olympic Section — 15 
T Shirk, Tidewater — 15 
R. Evans, Siouxland — 14 
K. Karwoski, Racine-Kenosha — 14 
C Schiner, Wyoming Section — 14 
M. Arand, Louisville — 13 

W Davis, Syracuse — 13 
C Donnell, Northwest Ohio — 13 
G Watry, Houston — 13 
R. Boyer, Nevada — 12 
J. Daughtery, Louisville — 12 
J. Goodson, New Orleans — 12 
R. Wahrman, Triangle — 12 
D. Zabel, Southeast Nebraska — 12 
J. Boyer, Lancaster — 11 
D. Porter, Nashville — 11 
D. Wright, Kansas City — 10 
R. Young, Iowa — 10 
A. Badeaux, Washington, D.C — 9 
J. Ciaramitaro, N. Central Florida — 9 
C Renfro, Chattanooga — 9 
S. Ulrich, St. Louis — 9 
C Kipp, Lehigh Valley — 8 
T Moore, New Orleans — 8 
W Wilson, New Orleans — 8 
R. Belluzzi, New York — 7 
R. Hutchinson, Long Bch./Or. Cty. — 7 
D. Ketler, Willamette Valley — 7 
J. Kline, Northern New York — 7 
T Palmer, Columbia — 7 
G Siepert, Kansas — 7 
A. Duron, New Orleans — 6 
J. Johnson, Madison-Beloit — 6 
J. Gerdin, Northwest — 5 
T Green, Central Arkansas — 5 
D. Kowalski, Pittsburgh — 5 
J. Meyer, San Francisco — 5 
T Smeltzer, San Francisco — 5 
B. Suckow, Northern Plains — 5 
B. Benyon, Drake Well — 4 
S. Colton, Arizona — 4 
W Galvery, Long Bch./Or. Cty. — 4 
A. Holt, St. Louis — 4 
S. Mackenzie, Northern Michigan — 4 
C Warren, N. Central Florida — 4 
D. Aragon, Puget Sound — 3 
R. Bass, Tulsa — 3 
R. Chase, LA./Inland Empire — 3 
B. Clark, Iowa — 3 
R. Harris, Spokane — 3 
R. Hilty, Pittsburgh — 3 
C Lindquist, Central Michigan — 3 
S. Miner, San Francisco — 3 
J. Morash, Boston — 3 
F Pruitt, Greater Hunts — 3 
G Rolla, LA./Inland Empire — 3 
J. Seitzer, York-Central Pa. — 3 
J. Sullivan, Mobile — 3 
B. Wenzel, Sacramento — 3 

Nominations Sought for the M.I.T. Prof. Masubuchi Award 

The deadline for submitting nominations for the 2012 Prof. 
Koichi Masubuchi Award is Nov. 2, 2011. Sponsored by the 
Dept. of Ocean Engineering at Massachusetts Institute of 
Technology (M.I.T), this award includes a $5000 honorarium. 
It is presented each year to one person, 40 years old or younger, 
who has made significant contributions to the advancement 

of materials joining through research and development. 
Nominations should include the candidate's experience, 

publications, honors, and awards, and at least three letters of 
recommendation from fellow researchers. E-mail your nomi- 
nation package to Todd A. Palmer, assistant professor. The 
Pennsylvania State University, tapl03@psu.edu. 
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First AWS ATF Certified Welder Program 
Established in Taiwan 

The first Taiwan AWS Authorized Test- 
ing Facility (ATF) was audited and offi- 
cially accredited in January. The achieve- 
ment was a collaborative effort between 
the International Welding Technology Re- 
search Laboratory (IWTRL), the AWS In- 
ternational Agent for Taiwan (Taipei), led 
by Dr. Chon L. Tsai, with Lockheed Mar- 
tin Missile and Fire Controls USA, and 
Chenfull International, Inc., Taichung, Tai- 
wan. The project was initiated in October 
2010 to establish and implement the AWS 
ATF Certified Welder (CW) program, the 
first of its kind to be conducted in Taiwan. 
The plan was to have all welding by Chen- 
full be performed only by AWS CWs and 
the facility accredited as an AWS ATF in 
the December 2010 to January 2011 time- 
frame. IWTRL, along with Construction 
Technical Services, Inc. (CTSI), Houston, 
Tex., worked closely with Chenfull and 
IWTRL during this period to meet this 
schedule. 

"The facility performed equal to and in 
some cases exceptionally better than many 
companies I have consulted with over the 
years," said Steven Snyder, CTSI consult- 
ant, and an AWS Senior Certified Weld- 
ing Inspector and Certified Welding Edu- 
cator, and an ASQ Certified Quality Au- 
ditor. "Their ability to understand and fol- 
low detailed procedures and work instruc- 
tions was remarkable during all phases of 
the consulting." The AWS ATF CW Pro- 
gram will set the standard for welder qual- 

David Diaz, AWS lead auditor, speaks to the test supervisor, quality engineer, and a welder at 
Chenfull International, Inc., during the AWS Accredited Test Facility audit. 

ification for the Lockheed Martin proj- 
ect work with the use of AWS D17.1 and 
will be key for Chenfull International to 
expand and advance its component fab- 
rication and processing capabilities. 

The new ATF is especially valuable 
because the aerospace manufacturing 
and fabrication industry has many chal- 
lenging and demanding welding applica- 
tions and requirements for various air- 
craft, ground support, and related com- 
ponents. The welding must be performed 
by qualified welders and operators. Hav- 
ing assurance that the welding personnel 
are appropriately qualified and that the 

welding qualification process itself is 
stringently conducted from initiation to 
completion is of key importance to the 
manufacturers and prime suppliers of 
these components. Knowing that a qual- 
ified welding test supervisor with AWS 
Certified Welding Inspector credentials 
administered, controlled, and docu- 
mented the entire process, provides that 
assurance. The AWS Authorized Testing 
Facility (ATF) program offers significant 
recognition to facilities that can meet the 
AWS QC4-89 and QC7-93 standards and 
supplemental requirements, as it has 
done for more than 22 years. 

Sperko Details ASME Section IX during India Lecture Tour 
Walter J. Sperko, chairman, ASME 

Section IX Committee, and president of 
Sperko Engineering Services, Inc., Greens- 
boro, N.C., was the featured speaker for 
the AWS Lecture Series V. The tour, held 
Sept. 3-11 under the aegis of IlW-India, 
included seven cities across the country. 

Sperko presented his lecture, The Se- 
crets to Using ASME Section IX, in New 
Delhi, Calcutta, Chennai, Pune, Mum- 
bai, Surat, and Baroda to a total audience 
of about 650 welding engineers and man- 
ufacturing specialists. 

Understanding the ASME code is one 
of the most important subjects to the In- 
dian fabrication and construction indus- 
tries to enable them to compete in the 
world marketplace. Through this ongo- 
ing series of lectures, The Indian Insti- 
tute of Welding and the American Weld- 
ing Society promote and exchange tech- 
nology and know-how related to welding 
and joining of metals. 

Sperko's information was found to be 
extremely useful by the audience who 
asked numerous questions to clarify de- 
tails about the code. Following the pres- 
entation, each attendee received a CD 
and hard copy of the lecture materials. 

Sperko concluded the lecture tour was 
rewarding to him, and "I'm sure it spread 
goodwill among the welding community 
in India." The schedule was "a forced 
march," leaving little free time, but while 
in Pune, Sperko toured Larsen and 
Toubro, an ASME Section VIII Div. 1, 
Div. 2, and N-stamp shop in the process 
of building 16-ft-diameter, 8-in.-thick Cr- 
Mo-V vessels for Exxon and nuclear ves- 
sels for installation in India. 

Sperko is indebted to Narmail K. 
Sarkar of IlW-India, a retired chief met- 
allurgist with the Indian Railway, who co- 
ordinated his travel arrangements and ac- 
companied him as a personal guide for 
his entire stay in India. 

Walter Sperko (center) chats with his guide, 
Narmail Sarkar (left), and N. Kalyan, direc- 
tor ofELCA Laboratories, during his India 
tour. Photo taken by Chander Girotra. 
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New AWS Supporters 

Sustaining Members 
ROUSH® 

12445 Levan Rd. 
Livonia, MI 48150 

Representative: Eric Lichtfusz 
www.roush.com 

Roush®, a full-service product devel- 
opment supplier with more than 2300 em- 
ployees in facilities throughout North 
America, provides engineering, testing, 
product development, and manufacturing 
services to the transportation industy and 
significant support to the consumer prod- 
uct, life science, and defense industries. 

Special Devices, Inc. 
3431N. ResdeaCir. 

Mesa, AZ 85215 
Representative: Garth A. Penning 

www. specialdevices. com 
Special Devices, Inc., designs and man- 

ufactures precision engineered pyrotech- 
nic devices, including initiators and primers 
used on automotive airbag and seatbelt 
pretensioning systems and detonators in 
mining and blasting applications. Other 
uses include electrical disconnects, fire sup- 
pression, and cartridge propelling systems. 

Affiliate Companies 
Baytown Ace Machine Ltd. 

1102 S. Hwy. 146 
Baytown, TX 77520 

Chamtech Systems 
47 Hymus 

Pointe-Claire, QC H9R 4T2, Canada 

Chemweld, Inc. 
PO Box 1127 

Norcross, GA 30091 

Sabre Manufacturing 
5420 E. State Rd. 8 

Knox, IN 46534 

Tennessee Electric Co. 
1700 John B. Dennis Hwy. 

Kingsport, TN 37664 

Supporting Companies 
Alcavll S.A. de CN. 

Manuel de la Pena y Pena #503 
Bella Vista 

Monterrey, NL 64410, Mexico 

Contract Technical Resources Corp. 
11843 Canon Blvd., Ste.C 
Newport News, VA 23612 

Golden Spot Industry, Inc. 
No. 6, Alley 25, Ln. 25 

Kuo Chung 1st Rd. 
Dali, Taichung 412, Taiwan 

Worton Mfg. Co., Ltd. 
355 Signet Dr. 

Toronto, ON M9L 1V3, Canada 

Educational Institutions 
Adult Evening Technical Center 

2020 Westwood Ave. 
Richmond, VA 23230 

Bradley Central High School 
1000 S. Lee Hwy., Cleveland, TN 37311 

Floyd County Area Technology Center 
1024 KY Rte. 122, Martin, KY 41649 

GLOMACS 
Office No. 108, Bk. No. 02-B, 1st Fl. 

Dubai Knowledge Village 
Dubai 87079, UAE 

Kentucky Tech Clay Co. ATC 
1097N. Hwy. 11 

Manchester, KY 40962 

Merrill Institute of Welding 
520 Republic Ave. 
Alma, MI 48801 

Montgomery County ATC 
682 Woodford Dr. 

Mt. Sterling, KY 40353 

Muskegon Area Career Tech Center 
200 Harvey St. 

Muskegon, MI 49442 

Needvllle High School 
16319 Hwy. 36, PO Box 412 

Needville,TX 77461 

Unlversldad Tecnologlca de Perelra 
Vereda La Julita, Pereira 

Risaralda, Colombia 

AWS Member Counts 
March 1,2011 

Grades 
Sustaining   509 
Supporting   303 
Educational   561 
Affiliate   463 
Welding Distributor   46 
Total Corporate   1,882 
Individual   ...56,205 
Student + Transitional  ...10,589 
Total Members  ...66,794 

Honorary Meritorious Awards 

The deadline for submitting candi- 
dates for these awards is December 31 

prior to the year of the awards presenta- 
tions. Send candidate materials to Wendy 

Sue Reeve, wreeve(i 
LeJeune Rd., Miami, 

Oaws.org; 550 
FL 33126. 

NW 

William Irrgang 
Memorial Award 

This award is given to the individual who has done the most 
over the past five years to enhance the Society's goal of advanc- 
ing the science and technology of welding. It includes a $2500 
honorarium and a certificate. 

National Meritorious 
Certificate Award 

This award recognizes the recipient's counsel, loyalty, and 
dedication to AWS affairs, assistance in promoting cordial rela- 
tions with industry and other organizations, and for contribu- 
tions of time and effort on behalf of the Society. 

George E. Willis Award 
This award is given an individual who promoted the advance- 

ment of welding internationally by fostering cooperative partici- 
pation in technology transfer, standards rationalization, and pro- 
motion of industrial goodwill. It includes a $2500 honorarium. 

Honorary Membership Award 
This award acknowledges eminence in the welding profes- 

sion, or one who is credited with exceptional accomplishments 
in the development of the welding art. Honorary Members have 
full rights of membership. 

International Meritorious 
Certificate Award 

This honor recognizes recipients' significant contributions to 
the welding industry for service to the international welding com- 
munity in the broadest terms. The award consists of a certificate 
and a one-year AWS membership. 
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Southern Maine C.C. students and Maine Section members are shown at the vendors' night program. 

District 1 
Thomas Ferri, director 
(508)527-1884 
thomas_ ferri @ thermadyne. com 

BOSTON-CENTRAL MASS.- 
RHODE ISLAND 
FEBRUARY 10 
Activity: Members of the three Sections 
met in New Bedford, Mass., for a vendors' 
night and equipment expo held at New 
Bedford Regional Vocational School. The 
vendors included Thermadyne, Lincoln, 
Mekrut Sales, Weld Tooling, Bullard Abra- 
sives, New Bedford Welding Supply, Mid 
City Steel, Camel Grinding Wheels, BFD 
Co., Hougen Drill, Kalamazoo Saws, Pferd 
Abrasives, and Total Welding Supply. Stu- 
dents from the Greater New Bedford and 
Rochester Technical Schools brought the 
total attendance to more than 100. The 
Greater New Bedford culinary arts depart- 
ment provided the refreshments. 

MAINE 
JANUARY 27 
Activity: Mark Legel, a CWI and head in- 
structor at Southern Maine Community 
College, coordinated the 6th annual ven- 
dors' night at the college to expose his stu- 
dents and Section members to the latest 
welding-related technology. Participating 
this year were Advantage Gases, Airgas, 
ESAB, Hypertherm, Lincoln Electric, 
Miller Electric, and Thermadyne. Russ 
Norris was presented the District 1 Direc- 
tor's Award for his tireless services over 
the years. 

District 2 
Harland W. Thompson, director 
(631)546-2903 
harland. w. thornpson ©us.ul. com 

A few of the attendees are shown at the vendors' night program held by the Boston, Central 
Massachusetts, and Rhode Island Sections. 

Mark Legel (left) is congratulated for a job 
well done by Tom Ferri, District 1 director, 
at the Maine Section vendors' night. 

Russ Norris (left) is shown with Tom Ferri, 
District 1 director, at the Maine Section event. 
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Shown at the York-Central Pa. Section program are (from left) Vice Chair Mike Fink, speaker 
Randall Leaman, and Chair Jim Henry. 

Shown at the Southwest Virginia Section program are Treasurer David Cash (center) with 
speakers Paul Cseko (left) and Jim Wynegar. 

PHILADELPHIA 
FEBRUARY 9 
Speaker: Brad Bornstein, technical sales 
representative 
Affiliation: Olympus NDT 
Topic: Ultrasound and phased array the- 
ory and equipment for nondestructive test- 
ing 
Activity: The program was held at Villari's 
Restaurant in Sicklerville, NJ. 

District 3 
Michael Wiswesser, director 
(610)820-9551 
mike @ welderinstitute. com 

YORK-CENTRAL PA. 
FEBRUARY 3 
Speaker: Randall Leaman, secretary and 
treasurer 
Affiliation: Airborne Contamination Iden- 
tification Associates 
Topic: How to comply with OSHAs regu- 
lations on chemical and welding fumes 
Activity: The program was held at Her- 
itage Hills Conference Center in York, Pa. 

Speaker Brad Bornstein (left) is shown with 
Ken Temme, Philadelphia Section vice chair. 

t  tm 
Shown are speaker Thomas Bums (left) and 
Paul Hebert, Tidewater Section chair. 

District 4 
Roy C. Lanier, director 
(252)321-4285 
rlanier@email.pittcc.edu 

SOUTHWEST VIRGINIA 
FEBRUARY 17 
Speakers: Jim Wynegar and Paul Cseko, 
regional account manager and district 
manager, respectively 
Affiliation: Miller Electric Co. 
Topic: Advanced manufacturing systems 
Activity: The program was held in Salem, 
Va. 

TIDEWATER 
FEBRUARY 10 
Speaker: Thomas Burns, director of tech- 
nical services 
Affiliation: Alcotec Wire Corp. 
Topic: Welding aluminum 
Activity: District 4 Director Roy Lanier at- 
tended the program, held at Peking Inter- 
national Buffet in Hampton, Va. 

District 5 
Steve Mattson, director 
(904) 260-6040 
steve.mattson@yahoo.com 

ATLANTA 
JANUARY 26 
Activity: The Section members met at Ap- 
plied Technical Services in Marietta, Ga., 
to tour the facilities and study its failure 
analysis and weld-testing methods. Con- 
ducting the tour were Jason Loy, senior 
material testing engineer; and Burak 
Akyuz, a metallurgist. Loy spoke about 
welding testing procedures equipment. 
Akyuz discussed metallurgy and failure 
analysis techniques. 

FEBRUARY 8 
Activity: The Atlanta Section members 
met at the Lincoln Electric training facil- 
ity in Lithia Springs, Ga., for a tour and 
demonstration of the VRTEX® 360 vir- 
tual reality arc welding trainer. Russell 
Farrar conducted the program and in- 
structed the Section members on using VR 
equipment. 

FLORIDA WEST COAST 
FEBRUARY 9 
Activity: The Section members toured 
Tampa Tank, Inc., Florida Structural Steel 
Fabrication Facility in Tampa, Fla. Lead- 
ing the activity were David Hale, fabrica- 
tion/erection president of Tampa Tank, 
and Dale Inson, manufacturing/QA man- 
ager. More than 50 members and students 
participated in the event that concluded 
with a barbecue dinner. 

NORTH CENTRAL FLORIDA 
FEBRUARY 8 
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Florida West Coast Section members are shown during their tour of Tampa Tank, Inc. 

Rick Montana (left) and William Seyfarth 
display their awards at the North Central 
Florida Section program. 

Speaker: Michael Bannester (ret.) 
Affiliation: Central Florida College, weld- 
ing instructor 
Topic: How to obtain welding scholarships 
Activity: District 5 Director Steve Matt- 
son presented the District Educator of the 
Year Award to Rick Montana, a welding 
instructor at Mid-Florida Tech in Orlando. 
The District Meritorious Award was pre- 
sented to William Seyfarth, owner of 
Weldtest Services and long-time Section 
treasurer. 

SOUTH CAROLINA 
JANUARY 20 
Speaker: Danny Sechler, power generation 
weld specialist 
Affiliation: The Lincoln Electric Co. 
Topic: Welder training for the nuclear 
power industry 
Activity: This program was held at B&D 
Boilers in North Charleston, S.C. Follow- 
ing the talk, the attendees toured the fa- 
cility to study its operations. 

District 6 
Kenneth Phy, director 
(315)218-5297 
KA Phylnc ©gmail. com 

Shown at the January Atlanta Section program are (from left) presenters BurakAkyuz and 
Jason Loy with Chair David Ennis and Carl Matricardi, deputy District 5 director. 

Presenter Russell Farrar (left) is shown with Atlanta Section Chair David Ennis (center) 
and Carl Matricardi, deputy District 5 director, at the February program. 

Shown at the Florida West Coast Section tour are (from left) David Hale, Vice Chair Damen 
Johnson, and Dale Inson. 

WELDING JOURNAL 



Gale Mole (front, far right), South Carolina Section chair, is shown with B&D Boilers em- 
ployees in January. 

Shown at the South Carolina section program are (from left) speaker Danny Sechler, Toby 
Kearney, Chair Gale Mole, and Charles Dunning. 

Niagara Frontier Section Chair Paul Swat- Bill Davis (right) received the District and 
land (left) is shown with speaker Ron Section CWI of the Year Awards from Ken 
Stahura. Phy District 6 director, at the Syracuse event. 

Paul Shields discussed oxyfuel safety at the 
Pittsburgh Section program. 

NIAGARA FRONTIER 
OCTOBER 28 
Speaker: Ron Stahura 
Affiliation: Quality Technical Training In- 
stitute 
Topic: What you need to know about weld- 
ing stainless steel 

NORTHERN NEW YORK 
FEBRUARY 8 
Speaker: Ronald J. Parrington, president 
Affiliation: IMR Test Labs 
Topic: Failure analysis of welds 
Activity: The meeting included members 
of the Eastern New York Chapter of ASM 
International. The event was held at Mill 
Road Restaurant in Latham, N.Y. 

SYRACUSE 
FEBRUARY 9 
Speaker: Burrell Fisher, PE 
Topic: Welding, its use and control 
Activity: District 6 Director Ken Phy pre- 
sented the District Dalton E. Hamilton 
CWI of the Year Award to Bill Davis, and 
the Section CWI of the Year Award to BUI 
Davis, Bob Davis, and Vlnce Carnlfax. Tom 
Bryant and Tim Howell received the Sec- 
tion Educator Award. Neal Chapman re- 
ceived the District Meritorious Award. 
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The Pittsburgh Section members are shown at the January 15 program. 

The Northeast Mississippi Section members toured Sly, Inc., in January. 

District 7 
Don Howard, director 
(814)269-2895 
A701vard@cfc.com 

PITTSBURGH 
JANUARY 15 
Activity: The members met at Steamfitters 
Local 449 class room facilties for a pres- 
entation by Paul Shields, regional man- 
ager, The Harris Products Group. He dis- 
played samples of cylinders and cutting 
torch heads damaged by improper use. He 
then gave a hands-on demonstration of the 
proper use and care of oxyfuei and gas cut- 
ting equipment. The dinner was held at La 
Mont Restaurant in Pittsburgh, Pa. 

JANUARY 20 
Activity: The Pittsburgh Section Technical 
Advisory Committee members met to pre- 
pare for attending the AWS Technical Ac- 
tivities Meeting held at NASA's Kennedy 
Space Center in Cape Canaveral, Fla. The 
representatives included Ed Yevlck, Jim 
Sekely, and Larry Schweinegruber. 

District 8 
Joe Livesay, director 
(931)484-7502, ext. 143 
joe. livesay @ ttcc. edu 

NORTHEAST MISSISSIPPI 
JANUARY 20 
Activity: The Section members toured Sly, 
Inc., in Mathiston, Miss., to study the man- 
ufacture of dust collectors and other air- 
pollution-control equipment. Kevin Reed, 
plant manager, conducted the program. 

Michael Callahan (right) is shown with 
Davis Raybum, Baton Rouge Section chair. 

District 9 
George Fairbanks Jr., director 
(225) 473-6362 
fits @ bellsouth.net 

BATON ROUGE 
JANUARY 20 
Speakers: Jason Lange, Michael Callahan 
Affiliation: The Lincoln Electric Co. 
Topic: Welding fume regulations 
Activity: The program was hosted by Lin- 
coln Electric at Mestizo Louisiana Mexi- 
can Restaurant in Baton Rouge, La. 

Shown at the Pittsburgh Section technical 
committee meeting are (from left) Ed Yevick, 
Jim Sekely, and Larry Schweinegruber. 

NEW ORLEANS 
JANUARY 25 
Speaker: Jimmy Cochran 
Affiliation: Kiewit Industries 
Topic: The Huey P. Long Bridge expansion 
Activity: The program was sponsored by 
Inspection Specialists, Inc., represented 

Baton Rouge Section Chair Davis Raybum 
(left) presents a speaker gift to Jason Lange. 

by Travis Moore and Melissa Wainwright. 
Attending were 65 members and guests, 
including 35 students. District 9 Director 
George Fairbanks attended the program, 
held at Cafe Hope in Marrero, La. 

WELDING JOURNAL 



Shown (from right) are New Orleans Section Chair D. J. Berger and District 9 Director 
George Fairbanks presenting a sponsor-appreciation plaque to Melissa Wainwright and 
Travis Moore. 

Drake Well Section Chair Mike Owens (left) is shown with District 10 Director Richard 
Harris (center) and Secretary Travis Crate. 

District 9 Director George Fairbanks (left) Life Member Patsy Pilorusso (right) is 
and speaker Jimmy Cochran are shown at shown with Kenny Jones, Mahoning Valley 
the New Orleans Section event. Section chair. 

Shown at the Mahoning Valley Section program are (from left) speaker Steve Kusik, Iron- 
worker Mike Sampson, District 10 Director Rich Harris, and Chair Kenny Jones. 

District 10 
Richard A. Harris, director 
(440) 338-5921 
richaharris@windstream.net 

DRAKE WELL 
FEBRUARY 8 
Speaker: Richard Harris, District 10 di- 
rector 
Topic: Update on national AWS activities 
Activity: Harris presented Secretary Travis 
Crate the District Private Sector Instruc- 
tor Award and Chair Mike Owens the Dis- 
trict Director Award. The program was 
held at The Commons in Franklin, Pa. At- 
tending were Don Rog, Dan Bubenheime, 
Rolf Laemmer, Tyler Bubenheim, Jacob 
Roxberry, Adam Baughman, Bill Hender- 
son, Issac Seniour, Jason Cacherl, Don 
Adams, Jason Adams, Travis Corbett, and 
Gary Riddle. 

MAHONING VALLEY 
FEBRUARY 17 
Speaker: Steve Kusik 
Affiliation: Stud Welding Associates 
Topic: Short cycle gas arc stud welding 
Activity: District 10 Director Rich Harris 
presented Chairman Kenny Jones and 
Chuck Moore the District Director Cer- 
tificate Award, Michael Sampson the Dal- 
ton E. Hamilton Memorial CWI of the 
Year Award, and Dave Hughes the Section 
Meritorious Award. Patsy Pilorusso re- 
ceived his Life Membership Certificate for 
35 years of service to the Society. The event 
was hosted by Ironworkers Local #207 in 
Boardman, Ohio. 

District 11 
Robert P. Wiicox, director 
(734)721-8272 
rm wiicox @ wo wway. com 

DETROIT 
FEBRUARY 10 
Speaker: Reno Bollard, director of mar- 
keting 
Affiliation: Welding Technology Corp. 
Topic: Welding automation 
Activity: The annual patron's night pro- 
gram was held at Welding Technology 
Corp. in Farmington Hills, Mich. Twenty- 
five companies and individuals were pre- 
sented certificates in recognition of their 
support for the Section's activities. 

NORTHWEST OHIO 
JANUARY 26 
Activity: The Section members met at 
ARC Services, Inc., in Toledo, Ohio, for a 
tour of the facilities. Company owners 
Christian and Kevin Baumberger con- 
ducted the program. The company per- 
forms repairs on welding and cutting 
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Detroit Section patrons display their certificates at the February program 

equipment manufactured by various com- 
panies, and offers training and certifica- 
tions for many welding procedures. 

District 12 
Daniel J. Roland, director 
(715) 735-9341, ext. 6421 
daniel. roland @ us. fincantieri. com 

MILWAUKEE 
JANUARY 20 
Speaker: Randall Counselman, CWE 
Affiliation: Oldenburg Group, Inc. 
Topic: Weld procedure and welder per- 
formance qualifications, AWS Dl.l code 
changes, and differences among the vari- 
ous AWS, ISO, API, and ASME Section 
IX codes 
Activity: The program was held in Milwau- 
kee, Wis., for 70 attendees 

Tom MacCormick demonstrates grinding     Mike Palko (left), Detroit Section program 
techniques for Indiana Section members. chair, chats with speaker Reno Bollard. 

District 13 
W. Richard Polanln, director 
(309) 694-5404 
rpolanin @ icc.edu 

CHICAGO 
JANUARY 26 
Activity: The board members met at Papa 
Passero's Restaurant in Chicago, 111. Eric 
Purkey was named to update the Section's 
Web site. Pete Host and Craig Tichelar 
were nominated for the National Educa- 
tor of the Year Award. Others attending 
the program were Chair Chuck Hubbard, 
Bob Zimny, Jeff Stanczak, Marty Vondra, 
Eric Krauss, and Cliff Iftimie. 

District 14 
Robert L. Rlchwlne, director 
(765) 378-5378 
bob rich wine @ aol.com 

INDIANA 
JANUARY 26 
Speaker: Tom MacCormick, regional sales 
manager 
Affiliation: SAIT, United Abrasives, Inc. 
Topic: Manufacturing and safety of SAIT 
grinding wheels 
Activity: Following the talk, the attendees 
tried their hand at using various types of 
grinding wheels on different metals. The 
program was held at Indiana Oxygen in In- 
dianapolis, Ind. 

Shown at the Milwaukee Section program are (from left) Bob Bruss, Chair Karen Gilgen- 
bach, speaker Randall Counselman, Bob Dricken, Sue Silverstien, Nate Leszewski, and 
Anni VanDyke. 

The Chicago Section members are (from left) Eric Purkey, Bob Zimny, Craig Tichelar, Jeff 
Stanczak, Marty Vondra, Pete Host, Chair Chuck Hubbard, Eric Krauss, and Cliff Iftimie. 
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St. Louis Section Chair Victor Shorkey (center) is shown with presenters Steve Zaitz (left) 
and Laurie Kutz. 

FEBRUARY 9 
Speaker: Butch Wagner 
Affiliation: Hobart Brothers 
Topic: Metal cored gas shielded wires 
Activity: This Indiana Section program 
was held at J. Everett Light Career Cen- 
ter in Indianapolis, Ind. 

ST. LOUIS 
FEBRUARY 17 
Activity: The members toured the Ameren 
Missouri power operations services train- 
ing center in St. Louis, Mo. Laurie Kutz, 
senior training supervisor, and Steve Zaitz, 
training supervisor, led the tour. 

District 15 
Mace V. Harris, director 
(612) 861-3870 
macevh@aol.com 

District 16 
David Landon, director 
(641) 621-7576 
dlandon @ vermeermfg.com 

KANSAS 
JANUARY 22 
Activity: The Section held its second an- 
nual bowling tournament fund-raiser to 

Butch Wagner discussed metal cored wires 
at the Indiana Section February event. 

benefit its scholarship program. Fourteen 
teams participated in the Scotch doubles, 
9-pin No-Tap event. The door prizes were 
donated by Thermadyne Industries, Air- 
gas Mid South, Matheson Tri-Gas, Lamp- 
ton Welding, and Rubbermaid, Inc. 

FEBRUARY 10 
Activity: The Section members toured 
Globe Engineering Co. in Wichita, Kan., 
to study its methods for fabricating preci- 
sion sheet metal parts and assemblies for 
the aerospace industry. 

KANSAS CITY 
FEBRUARY 10 
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Kansas Section members are shown during their tour of Globe Engineering in February. 

Speaker Michael Turner (white shirt) is shown with members of the Kansas City Section. 

Speaker: Michael Turner, PE 
Affiliation: Olympus NDT 
Topic: Ultrasonic testing and demonstra- 
tion 
Activity: The program was held at Johnny 
C's Restaurant in Kansas City, Mo. 

NEBRASKA 
JANUARY 22 
Activity: The held its 5th annual bowling 
outing and silent auction fund-raising 
event to benefit the Section's scholarship 
fund. Melissa Wager received a scholar- 
ship to continue her studies at Metropoli- 
tan C.C. The top bowlers included Prax- 
air's Joe Penslck and Gary Barnes, and 
Ironworkers Local #1 workers Jim 
Huettner, Bob Peck, Mike Lincoln, and 
Ryan Mehser. 

FEBRUARY 17 
Speaker: Scott Blankman 
Affiliation: Praxair Distribution 
Topic: The effects of overwelding 
Activity: This Nebraska Section program 
was held in Omaha, Neb. 

The Nebraska Section members are shown at their bowling and fund-raising event. 

Speaker Scott Blankman (left) is shown with      Scholarship winner Melissa Wager is shown 
Jason Hill, Nebraska Section vice chair. with Monty Rodgers, Nebraska Section chair. 
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The Nebraska Section members are shown at the February meeting. 

Corpus Christi Section Chair Misty Rails re- 
ceives an award from John Bray, District 18 
director. 

Welding instructor Dan Jones (left) is shown 
with John Bray, District 18 director, at the 
Houston Section program. 

CWIAwardee Richard Marslender (left) is 
shown with John Bray, District 18 director, 
at the Corpus Christi event. 

Speaker Bryan Willingham (right) chats with 
John Husfeld, Houston Section chair. 

Anne Matula receives her award from John 
Bray, District 18 director, at the Corpus 
Christi program. 

Sculptor Rick Davis (right) chats with Art 
Sabiston at the Spokane Section event. 

District 17 
J. Jones, director 
(940)368-3130 
jjones @ thermadyne. com 

EAST TEXAS 
FEBRUARY 3 
Speaker: J. Jones, District 17 director 
Affiliation: Thermal Dynamics 
Topic: Automated plasma arc cutting with 
demonstration 
Activity: The program was held at Tyler Jr. 
College in Tyler, Tex. 

District 18 
John Bray, director 
(281)997-7273 
sales ©affiliatedmachinery. com 

CORPUS CHRISTI 
DECEMBER 9 
Activity: The Section held its Christmas 
party and awards-presentation meeting at 
Radisson Beach Hotel in Corpus Christi, 
Tex. Misty Rails received the District Mer- 
itorious Award. James Bryant and Jim 
Miller received Section Meritorious 
Awards, Rick Ford and Anne Matula re- 
ceived Instructor of the Year awards, 
Ellery Francisco and Richard Marslender 
received CWI of the Year Awards, and J. 
W. Rails received the District Director 
Award. 

HOUSTON 
DECEMBER 7 
Activity: The Section members partici- 
pated in an open house at the Technical 
Educational Center in Sugar Land, Tex., 
coordinated by Dan Jones, a welding in- 
structor at Fort Bend ISD Technical Edu- 
cation Center. The students demonstrated 
their welding and cutting skills for the at- 
tendees. District 18 Director John Bray 
made a presentation on the advantages 
of membership in the American Weld- 
ing Society. 
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Shown at the Albuquerque Section program are (from left) Director-at-Large Thomas Lienert, awardees Robert Ulibarri, Richard Moku, 
Kelly Bingham, and John Mendoza, AWS president. 

FEBRUARY 16 
Speaker: Bryan Willingham, consultant 
Topic: Oxyfuel gases and safety 
Activity: The Houston Section hosted its 
annual students' night program at Brady's 
Landing in Houston, Tex., for 152 atten- 
dees, including 75 students. District 18 di- 
rector John Bray presented awards to the 
winners of the District Skills Contest. The 
Level 1 award was presented to Ryan Plai- 
sance, and Erick Mata received the Level 
2 award. Both students attend L. P. Card 
Skill Center. 

District 19 
Neil Shannon, director 
(503)201-5142 
neilshnn @ msn. com 

SPOKANE 
FEBRUARY 16 
Speaker: Rick Davis, sculptor 
Topic: Art work presentation 
Activity: This ladies' night event was held 
at Luigi's Italian Restaurant in Spokane, 
Wash. Davis, who first learned to weld at 
age 12, entertained with a presentation de- 
tailing some of his metal sculptures. 

District 20 
Wiiiiam A. Komios, director 
(801)560-2353 
bkoz@arctechllc. com 

ALBUQUERQUE 
JANUARY 26 
Speaker: John Mendoza, AWS president 
Affiliation: Lone Star Welding 
Topic: The value of AWS certifications 
Activity: The event was held at Central 
New Mexico Community College in Albu- 
querque, N.Mex., for the students and Sec- 
tion members. Thomas Lienert, an AWS 
director-at-large, spoke to the student on 
AWS scholarships and how to complete 
the application process. Robert Ulibarri 
received the Section Educator of the Year 
Award, Richard Moku was presented the 
District 20 Meritorious Certificate Award, 
and Kelly Bingham received his Silver 
Member Certificate for 25 years of serv- 
ice to the Society. 

COLORADO 
JANUARY 13 
Activity: The Section members met at War- 
ren Tech Center in Lakewood, Colo., for 
a presentation and demonstration of root 
pass welding on pipe by Mark Trevithick, 
a welding inspector and instructor at the 
facility. His topics included pipe joint de- 
sign, preparation, fitup, and welding pro- 
cedure and inspection of the root pass. 

District 21 
Nanette Samanich, director 
(702)429-5017 
nan07@aol.com 

Shown at the Colorado Section program are 
presenter Mark Trevithick (left) and Treas- 
urer Tom Kienbaum. 

AWCIWT Student Chapter 
NOVEMBER 18 
Activity: The Student Chapter members 
participated in their Arizona Western Col- 
lege Institute of Welding Technology's 
(AWCIWT) annual family night program. 
They manned a booth, distributed weld- 
ing information booklets, set up several 
pieces of welding equipment, and an- 
swered questions from attendees about 
choosing welding for a career. Supporting 
the students were Chuck Taber from 
Miller Electric and David Sanchez, an 
AWS CWI and CWE, and president of Arc 
Dynamics based in Yuma, Ariz. 
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Shown at the Southern Nevada SkillsUSA competition are from left (standing) Jason Perez, Dale Stubblefield, District 21 Director Nanette 
Samanich, John Webb, Bob Nard, Al Fernandez, Jim Alsup, and Noah McKnight; (front) Jose Velasquez and Michael Rumble. 

Shown at the Sierra Nevada Section meeting are (from left) Nick Howden-Dougherty, Mike Damon, presenter Jason Grove, Scott Hanson, 
Korey Rich, Gaylord Rodeman, Eric McAuliffe, Scott Walsh, James Cooney, Robert Nicholls, and Dale Flood, District 22 director. 

Shown at the San Francisco Section program are (from left) Vice Chair Elizabeth Moore, 
Chair Liisa Pine, and speaker David Bosko. 

John Hurd (left) and Scott Swafford de- 
scribed the WyoTech auto technology pro- 
grams for the Sacramento Section members. 
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TheAWS Israel Section and The Israeli National Welding Committee members are shown at their annual welding conference. 

NOVEMBER 18 
Activity: The AWCIWT Student Chapter 
members participated in a hands-on semi- 
nar on using advanced pulsed gas metal 
arc technology for welding steel pipe. 
Leading the demonstrations was Chuck 
Taber, district manager, Miller Electric Co. 

DECEMBER 3 
Activity: The AWCIWT Student Chapter 
members met at Grand China Buffet in 
Yuma, Ariz., for the annual end-of-year 
social. Owner Kevin Lee is a Chapter sup- 
porter. Samuel Colton, Chapter advisor, 
addressed the students. He shared his ex- 
periences as a welding professional and 
founder of Welders without Borders, to en- 
courage them to pursue careers in welding. 

NEVADA 
FEBRUARY 5 
Activity: The Section members partici- 
pated in the SkillsUSA Regional Southern 
Nevada welding competition. The event 
was held at Plumbers & Pipefitters UA 
Local 525 Welding Training Center in Las 
Vegas, Nev. The judges were provided by 
the training center. Participating was 
Nanette Samanich, District 21 director 
and a welding instructor at Desert Rose 
High School. Jose Velasquez won second 
place in the postsecondary class, and 
Michael Rumble took third place in the 
secondary class. 

District 22 
Dale Flood, director 
(916)288-6100, ext. 172 
d. flood @ tritool. com 

SACRAMENTO 
NOVEMBER 18 
Activity: The Section members met at 
WyoTech Sacramento Auto Technology 
Department to learn about its facilities and 
programs. Conducting the event were 
John Hurd, president, and Scott Swafford, 
coordinator for chassis fab and street rods. 

SAN FRANCISCO 
FEBRUARY 2 
Speaker: David Bosko, project engineer 
Affiliation: Intertech-APTECH 
Topic: Pulsed eddy current inspection 
Activity:   The   program   was   held   at 
Spenger's Restaurant in Berkeley, Calif. 

SIERRA NEVADA 
DECEMBER 15 
Activity: The Section members met at 
Jensen Precast in Sparks, Nev., for a plant 
tour. Jason Grove, production manager, 
discussed precast products and how weld- 
ing and fabrication are applied. The tour 
included a demonstration of robotic weld- 

ing of aluminum using a pulse on pulse 
process. Dale Flood, District 22 director, 
attended the program. 

International 
Section 

ISRAEL 
JANUARY 26 
Activity: The Israel Section and The Is- 
raeli National Welding Committee 
(INWC) held their annual welding confer- 
ence for 250 attendees. Section Secretary 
Chaim Daon presented a report on the re- 
cent INWC annual conference. The sub- 
jects discussed at the joint conference were 
the globalization of welding standards and 
the differences between the American and 
European welding standards, welding alu- 
minum, and nonwelding joining processes. 
Ten new Israeli Certified Welding Inspec- 
tors (ICWI) were presented their certifi- 
cates, bringing to 70 the number of CWIs 
in the country. The ICWI program has a 
reciprocity agreement with AWS. The 
meeting was held in Herzliya, a city in the 
central coast of Israel, in the western part 
of the Tel Aviv district. 
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AWS PRESIDENT 
John L. Mendoza 

johnlmendoza @att. net 
Lone Star Welding 

3319 Kashmir, San Antonio, TX 78223 

ADMINISTRATION 
Executive Director 

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

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

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

Chief Financial Officer 
Gesana ViHegas.. gvillegas@aws.org  (252) 

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

Administrative Services 
Managing Director 

Jim Lankford..y(m/@flM'i.o^ (214) 

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

Director 
Hidail Nunez.Mdail@aws.org (287) 

Director of IT Operations 
Natalia Swa\n.jiswain@aws.org (245) 

Human Resources 
Director, Compensation and Benefits 

Lulsa Hernandez., luisa@aws.org (266) 

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

INT'L INSTITUTE of WELDING 
Sr. Coordinator 

Sissibeth Lopez .. sissi@aws.org (319) 
Liaison services with other national and interna- 
tional societies and standards organizations. 

GOVERNMENT LIAISON SERVICES 
Hugh K. Webster hwebster@wc-b.com 
Webster, Chamberlain & Bean, Washington, D.C., 
(202) 785-9500; FAX (202) 835-0243. Monitors fed- 
eral issues of importance to the industry. 

CONVENTION and EXPOSITIONS 
Jeff Webet.. jweber@aws.org (246) 

Corporate Director, Exhibition Sales 
Joe KraW.. jkrall@aws.org (297) 
Organizes annual AWS welding show, convention, 
space assignments, and other expo activities. 

Director, Convention and Meeting Services 
Selvis Morales smorales@aws.org  (239) 

Brazing and Soldering 
Manufacturers' Committee 

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

GAWDA — Gases and Welding 
Distributors Association 

Executive Director 
John Ospina..yo^mfl@flM'i.o^  (462) 

Operations Manager 
Natasha Alexis., nalexis@aws.org (401) 

RWMA — Resistance Welding 
Manufacturing Alliance 

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

WEMCO — Welding Equipment 
Manufacturers Committee 

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

PUBLICATION SERVICES 
Department Information (275) 

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

Welding Journal 
Publisher 

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

Editor 
Mary Ruth Johnsen.. mjohnsen@aws.org . .(238) 

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

Society and Section News Editor 
Howard Woo6fNatd..woodward@aws.org . .(244) 

Welding Handbook 
Editor 

Annette O'Brien., aobrien@aws.org (303) 

MARKETING COMMUNICATIONS 
Director 

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

Public Relations Manager 
Cindy WeVn\..cweihl@aws.org  (416) 

Webmaster 
Jose Sa\ga<io..isalgado@aws.org  (456) 

Section Web Editor 
Henry CMnea...hchinea@aws.org (452) 

MEMBER SERVICES 
Department Information (480) 

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

Director 
Rhenda A. Kenny... rhenda@aws.org (260) 
Serves as a liaison between Section members and 
AWS headquarters. 

CERTIFICATION SERVICES 
Department Information (273) 

Director, Certification Operations 
Terry PefeT...tperez@aws.org   (470) 
Oversees application processing, renewals, and 
exam scoring. 

Director, Int'l Business & Certification Programs 
Priti Jain..pjain@aws.org (258) 
Directs all int'l business and certification programs. 
Is responsible for oversight of all agencies handling 
AWS certification programs. 

Director, Certification Programs 
Linda Hen(ierson..lindah@aws.org  (298) 
Oversees the development of new certification pro- 
grams, as well as AWS-Accredited Test Facilities, 
and AWS Certified Welding Fabricators. 

EDUCATION SERVICES 
Corporate Director 

Annette Alonso.. aalonso@aws.org  (229) 

Director, Operations 
Martica Ventura., mventura@aws.org (224) 

Sr. Manager, Education Development 
David Hernandez., dhernandez@aws.org .. .(219) 

AWS AWARDS, FELLOWS, COUNSELORS 
Sr. Manager 

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

TECHNICAL SERVICES 
Department Information  

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. Gayier..gayler@aws.org (472) 
Technical Activities Committee, Computerization 
of Welding Information 

Manager, Safety and Health 
Stephen P. Hedrick.. steveh@aws.org (305) 
Metric Practice, Safety and Health, Joining of Plas- 
tics and Composites, Welding Iron Castings, Weld- 
ing in Sanitary Applications, Personnel and Facili- 
ties Qualification 

Sr. Manager, Technical Publications 
Rosalinda O'Neill., roneill@aws.org (451) 
AWS publishes about 200 documents widely used 
throughout the welding industry. 

Sr. Staff Engineer 
Rakesh Gupta., gupta@aws.org   (301) 
Filler Metals and Allied Materials, Int'l Filler Met- 
als, UNS Numbers Assignment, Arc Welding and 
Cutting Processes 

Staff Engineers/Standards Program Managers 
Efram Abrams.. eabrams@aws.org (307) 
Thermal Spray, Automotive Resistance Welding, 
Oxyfuel Gas Welding and Cutting 

Stephen Borrero.. sborrero@aws.org (334) 
Brazing and Soldering, Brazing Filler Metals and 
Fluxes, Brazing Handbook, Soldering Handbook, 
Railroad Welding, Definitions and Symbols 

Alex Diaz., adiaz@aws.org (304) 
Welding Qualification, Sheet Metal Welding, Air- 
craft and Aerospace, Joining of Metals and Alloys 

Brian McGrath . bmcgrath@aws.org (311) 
Methods of Inspection, Mechanical Testing of 
Welds, Welding in Marine Construction, Piping and 
Tubing, Friction Welding, Robotics Welding, High- 
Energy Beam Welding 

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

Note: Official interpretations of AWS standards may 
be obtained only by sending a request in writing to 
Andrew R. Davis, managing director, Technical Serv- 
ices, adavis@aws.org. Oral opinions on AWS stan- 
dards may be rendered, however, oral opinions do 
not constitute official or unofficial opinions or in- 
terpretations of AWS. In addition, oral opinions are 
informal and should not be used as a substitute for 
an official interpretation. 

AWS Foundation, Inc. 
www.aws.org/w/a/foundation 

General Information 
(800/305) 443-9353, ext. 212; vpinsky@aws.org 

Chairman, Board of Trustees 
Gerald D. Uttrachi 

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

Solutions Opportunity Squad (SOS) 
Corporate Director 

Monica Pfarr, ext. 461, mpfarr@aws.org 

The AWS Foundation is a not-for-profit corporation 
established to provide support for the educational and 
scientific endeavors of the American Welding Society. 

Further the Foundation's work with your financial sup- 
port. Call for information. 
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Half-price job postings on 
www.jobsinwelding.com 
WELDING 

li> celebrate National Welding Month, lor the entire momh of April, 
joh pt^stings on MMH.jobsinHclding.com arc halfofl I i>i example. 
.1 ^()-da\ posting with resume access will be just SI25 for member., 
and SI37 ^o for nonmemberv 

I lie HHH.jobslnHelding.com site is the premier website lor 
recruiting the best weldniL' prolessuMiaU. 

\ IMI H\%H.j<>hsinHcldint>.com to post \our job opening, 

and save dunlin: 

Foundation, Inc. 



NEW 
LITERATURE 

Specialty Abrasives 
Dispiayed in Cataiog 

The 2011-2012 Specialty Abrasive 
Products Catalog features a wide range of 
products including cotton fiber mounted 
points and wheels, Type 1 cotton fiber de- 
burring and bench wheels, Type 1 unit- 
ized-, convolute-, and fiberglass-backed 

unitized wheels, interleaf flap discs, T27 
cotton fiber grinding wheels, grinding 
wheels for stainless steel and aluminum, 
carbide burrs, quick-change discs, cut-off 
wheels, finishing sticks, and the new 
Smooth Touch™ blending and polishing 
wheels for stainless steel, aluminum, and 
exotic metals. Presented are complete 
specifications and recommended uses for 
each product and a guide for when to use 
specific types of products for heavy stock 
removal, light grinding, blending, finish- 
ing, and polishing. The catalog can be or- 
dered by phone or downloaded from the 
Web site shown. 

Rex-Cut Products, Inc. 
www.rexcut.com 
(800) 225-8182 

Water Jet Accessories 
iiiustrated in Literature 

A new 106-page Water Jetting Accessory 
Catalog illustrates and describes hundreds 
of high-pressure accessories in the com- 
pany's complete line of water jet products 
that are rated to 40,000 lb/in.2. Introduced 
are numerous products developed during 

the past two years, including the Ty- 
phoon™ self-rotating nozzles for tube 
cleaning, rotating line moles for pipe 
cleaning, a new automated system for 
heat-exchanger tube lancing, and 3-D tank 
cleaning heads and ultrahigh-pressure ro- 
tating heads. The accessories are speci- 
fied for use in surface preparation, prod- 
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uct removal, tank and tube bundle clean- 
ing, pavement stripe and rubber removal, 
concrete hydrodemolition, and concrete 
and pipe cutting. The catalog can be or- 
dered by phone or downloaded from the 
Web site shown. 

NLB Corp. 
www.nlbcorp.com 
(248) 624-5555 

Catalog Pictures Materials 
Testing Accessories 

The 375-page, full-color^4cceMone.s/or 
Materials Testing, 5th edition, catalog de- 
tails a broad range of accessories to en- 
hance materials testing systems. Provided 
are detailed product information on hun- 
dreds of grips, extensometers, fixtures, 
environmental chambers, load cells, fur- 
naces, and other materials testing acces- 
sories. Many items in the catalog can be 
easily adapted to complement testing 
equipment from other manufacturers. 
New items in this edition include pneu- 
matic side-action grips, additional bio- 

medical test fixtures, and Bluehill® 3 soft- 
ware. The catalog contains valuable in- 
formation on how to select the appropri- 
ate accessories based on particular appli- 
cations, as well as a number of technical 
tips for general materials testing. The cat- 
alog can be ordered by phone or down- 
loaded from the Web site shown. 

Instron® 
www.instron.com 
(800) 564-8378 

Aluminum Statistical 
Review Issued 

The company has released its annual 
key statistical publication, 2009 Alu- 
minum Statistical Review. It covers all sta- 
tistical data available on the North Amer- 
ican aluminum industry, including infor- 
mation on every cycle of the aluminum 
production process from primary alu- 
minum to markets for finished goods to 
the recovery of aluminum scrap. This re- 
view is intended as an educational tool 
to support members of the industry, fi- 
nancial analysts, government agencies, 
students, and the general public. The doc- 
ument, in CD format, is divided into five 
sections: supply, shipments, markets, for- 
eign trade, and world statistics. It in- 
cludes text, tables, and charts to provide 
year-end figures and other historic data 
on United States and Canadian ship- 
ments, markets, supply, and foreign 
trade. It includes a ten-year summary 
(1999-2009) as well as historical statis- 
tics on the aluminum industry. The CD 
may be purchased from the Web site 
shown. Click on "Bookstore" then click 
on "What's New" on the left side of the 
screen. The review is $190 list, $95 to 
members of the association. 

The Aluminum Association 
www.aluminum.org 
(703) 358-2960 

CHAMPION WELDING ALLOYS® 
Lake Linden, MI 49945 

Toll Free: 800.321.9353   Phone: 216.252.7710   Fax: 216.252.7716 

www.ChannpionWeldinq.conn       INFO^ChampionWeldinqAlloys.com 

We are now ISO9001:2008 registered. 

Champion Welding Alloys can supply you with the AWS A5.5 chrome- 
moly electrodes and related welding consumables that you need. 
We manufacture Bl, B2, 83, B5, B6, 88 and B9 electrodes. We also 
manufacture the low carbon grades for select alloys. Call, visit our 
website or email us for more information. 

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

Model 200 Positioner 
3 models available: 

100 pound, 200 pound and 
500 pound capacity. 

Model 1200 Pipemate 
Rotates pipe and tube 

from 1 Vi" to 17" diameter, 
up to 1200 pounds. 

Smart Work Handling 
Means 

Increased Productivity 

800-962-9353 
www.atlaswelding.com 

For info go to www.aws.org/ad-index 
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■    Any technical topic relevant to the welding industry is acceptable (e.c . welding processes & controls, welding procedures, welding design. 
structural integrity related to welding, weld inspection, welding metall jrgy, etc.). 
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and should be demonstrated. Practical application and/or ■  Potential relevance to the welding ■ Junior or Senior high school 

potential relevance to the welding industry is important and should be students enrolled in a welding 
industry is important and should demonstrated. concentration at the time of 
be demonstrated. submittal. 

■ Presentation should represent 
technical concepts and application 
to the welding industry. 

■ Practical application and creativity 
are important and should be 
demonstrated. 
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Member Milestone 

Ravi Menon 

Thermadyne® Industries, Inc., St. Louis, 
Mo., has appointed Ravi Menon general man- 
ager of Stoody®, with operations based in 
Bowling Green, Ky. Menon, an AWS member 
since 1985, is affiliated with the Nashville Sec- 
tion. He is chairman of the AWS A5G Subcom- 
mittee on Hardfacing Filler Metals, and serves 
on the A5 Committee on Filler Metals and Al- 
lied Materials, A5 Executive Committee, A5E 
Subcommittee on Nickel and Nickel Alloy 
Filler Metals, A5M Subcommittee on Carbon 
and Low-Alloy Steel Electrodes, and D14H 
Subcommittee on the Surfacing of Industrial 
Rolls. With Stoody for 17 years in a variety of 
roles, Menon holds a PhD in metallurgical en- 
gineering from the University of Tennessee. 
Terry Downes, Thermadyne executive VP and 
COO, said, "Ravi has done an excellent job in 
developing innovative products for growth mar- 

kets which has driven Stoody's recent success. He has solid global experience and a 
deep knowledge of Stoody's products and applications. He is, therefore, perfectly po- 
sitioned to lead the Stoody business plan and achieve its growth potential." 

Ravi Menon 

Aerobraze Appoints 
Generai Manager 

Joe Hetzer 

Aerobraze Engi- 
neered Technologies, 

I Cincinnati, Ohio, a 
division of Wall Col- 
monoy, has pro- 
moted Joe Hetzer to 
general manager for 
the Cincinnati facil- 
ity. Hetzer previously 
served as director of 
manufacturing. 

Fronius Appoints Two 
Robotics Managers 

Stefan Mayr Josh Williamson 

Fronius USA, LLC, Brighton, Mich., 
has promoted Stefan Mayr to segment 

manager resistance welding/DeltaSpot, 
and named Josh Williamson segment 
manager of robotics. With the company 
for 13 years, Mayr formerly served as key 
account manager for robotics and integra- 
tion. Williamson joined the company with 
13 years of experience in robotic welding, 
most recently as a welding segment man- 
ager for ABB Robotics. He also serves on 
the AWS D16 Committee on Robotic and 
Automatic Welding. 

Maysteei Fiiis Key Posts 

Maysteel LLC, Menomonee Falls, 
Wis., a manufacturer of precision sheet 
metal enclosures, has named J. Monte 
Roach president and CEO, Kevin Matkln 
vice president of operations, and Eliza- 
beth Feldman CFO. Prior to joining the 
company. Roach served Actuant as presi- 
dent of its Americas Electrical Group. 
Matkin previously was president of Pre- 
mier Precision Group, LLC, in Min- 
neapolis. Feldman formerly served as 
group controller for the Energy Auto- 
mated Solutions group and division at 
Cooper Power Systems. 

Eiectron Beam Names VPs 

Electron Beam Technologies, Inc., 
Kankakee, 111., has promoted Steven Roe 
to vice president of engineering and Val- 

Steven Roe Valgene Raloff 

gene E. Raloff to vice president of mar- 
keting and product development. Roe, 
with the company since 1990, previously 
served as chief engineer. Raloff, with the 
company since 1996, served as product 
manager with design responsibilities for 
original equipment manufacturer com- 
posite cables and the Fast 'N Easy bulk 
electrode accessories product lines. 

Obituaries 

Charies 'Chuck' Hubbard 

Charles (Chuck) 
Hubbard, 69, died 
Feb. 2, of a heart at- 
tack while shoveling 
snow at his home in 
Downers Grove, 111. 
An AWS member 
since 1979, he was 
serving as chairman 
of the AWS Chicago 
Section. Following a 
tour of duty in the 
U.S. Marine Corps, 

he attended Cleveland State University 
where he received his engineering degree. 
In 1973, Hubbard started his career in 
welding as a sales trainee with The Lincoln 
Electric Co. He transferred to the com- 
pany's Chicago office for field training 
then worked there as a salesman and tech- 
nical sales representative until he retired 
in 2009. Hubbard was recognized by his 
peers as a walking encyclopedia on the 
technical aspects of precision welding. In 
the Section, he served several terms as 
chairman and as secretary, and also served 
the role of 'elder statesman.' He was 
known as a mellow guy who had a knack 
for easing tension and helping others in 
need. He's remembered for generously 
providing a missionary group with a 
diesel-powered generator to help build 
homes in an African village, and giving a 
Section member the tools he needed to do 
his work. He is survived by his wife, Ida, 
two children, and five grandchildren. 

— continued on page 90 

Charles "Chuck" 
Hubbard 
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awsweldingbuyersguide.com 
Get the information you need quicker than ever before. The AWS Welding Buyers 
Guide allows online searchers to easily locate products and services unique to the 

welding Industry, without the clutter of a general Internet search engine. 
Save valuable time, visit awsweldingbuyersguide.com! 

TRADir,oNAL 

BENEFITS FOR CONSUMERS: When leaders in the industry are looking for products and services, they turn 
to awsweldmgbuyersguide com to quickly get to the right source Users can easily locate products and services 
unique to our industry with keyword-driven or category-specific searches The AWS Welding Buyers Guide gives 
welding professionals a faster and easier way to find great vendors 

BENEFITS FOR COMPANIES: Purchasing a listing in the AWS Welding Buyers Guide will ensure that your 
company's brand and message are easily accessible to the buyers who matter most to you The AWS Guide 
includes Request for Information (RFI) functionality This feature allows users to contact participating suppliers 
with a click of their mouse Additionally, the guide includes a product showcase that allows you to highlight 
specific products and special offers on the front page of the guide   Visit the site to post your listing today! 

wsweldingbuyersguide.com 



— continued from page 88 

Tony Rohrs 

Tony Rohrs died suddenly Feb. 1 in 
Sacramento, Calif. An AWS member 
since 1965, he served as Blackhawk Sec- 
tion chair (1977-78) and two terms as Dis- 
trict 13 director (1979-1985). He gradu- 
ated from Greer Technical Institute, 
Chicago, 111., in 1965, where he learned 
numerous welding processes, oxygen cut- 
ting, and blueprint reading. He then 

B worked as a layout 
man, welder and fit- 
ter in the aerospace 
and industrial blower 
industries, and in 
an ornamental and 
structural steel job 
shop through 1969 
before becoming a 
store dock manager 

Tom Rohrs        for a Welding SUpply 
wnyKonrs        distributor. In 1970, 

Rohrs joined Rock- 
ford Cylinder Gas Co. as a sales engineer 
and later became vice president and sales 
manager. While at Rockford, he taught in- 
dustrial welding courses for the Rockford 
Board of Education in its adult continuing 
education program, and for the adult ed- 
ucation program of Rockford Valley Col- 

lege where he served on the college's ad- 
visory board. He also taught basic welding 
to carpenters, millwrights, and electricians 
for the Rockford Joint Apprenticeship 
Trades Committee. He is survived by his 
wife, Barbara, a son, two daughters, 
brother, and five grandchildren. 

William R. McCourt 

William (Bill) R. McCourt, 69, an AWS 
Life Member, died Feb. 3 in Branford, 
Conn. Following graduation from St. 

John's Preparatory in 
Danvers, Mass., he 
attended Villanova 
University. McCourt 
was co-owner of 
ABCO Welding & In- 
dustrial Supply in Wa- 
terford. Conn., the 
company his father 
founded in 1921. He 
started as a truck 
driver then pro- 

gressed to a career in sales. He contributed 
his expertise to other organizations, in- 
cluding the Independent Welders Supply 
Cooperative, and Gases and Welding Dis- 
tributor Association (GAWDA). He was a 
lifelong member of Red Sox Nation who 
enjoyed outdoor activities of snowmobil- 

William McCourt 

ing, hunting, and fishing. A dog fancier, he 
served as an AKC field trial judge and an 
officer of the Shoreline Retriever Club. He 
was a member of Snake Meadow Rod & 
Gun Club in Killingly, Conn. He is survived 
by his wife, Sandi, three sons, a brother and 
sister, nine grandchildren, and one great- 
grandchild. 

Roy R. Petty 

Roy R. Petty, 63, died Feb. 9 in Old 
Hickory, Tenn. An 
AWS member since 
1981, he was a long- 
time member of the 
Nashville Section 
where he served as 
chairman for four 
terms. A Certified 
Welding Inspector 
since 1979, he re- 
ceived the Section 
CWI of the Year 
Awards on four occa- 

sions, and the District CWI of the Year 
Award in 1993. For the past 15 years, he 
worked for World Testing, Inc., in Mount 
Juliet, Tenn. He was active as a tourna- 
ment fisherman. Petty is survived by his 
wife, Judy, a son and daughter, and three 
grandchildren. 

Roy R. Petty 
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Employers 
Are you In need of 

good welders? 
Students 

Are you searching for a 
way to hone your skills? 

Welders 
Is It time to expand your 
talents and knowledge? 

Below are welding schools across the 
country that have taken this advertising 
opportunity to promote their resources 
both to industry in need of welders and to 
those searching for a solid career path to 
employment. Contact them and take 
advantage of the services they can provide. 

We appreciate any ideas you might have for 
making this welding school guide more 
useful to you. Please send comments or 
requests to be on our mailing list to 
Rob Saltzstein at salty@aws.org. or Lea 
Garrigan at garrigan@aws.org. We will be 
sure your school is on our mailing list and 
e-mail list to receive advance information on 
future Welding School Profile edition of 
Welding Journal. Thank you. 

Advanced Technology 
Institute 

ATI provides diploma and AOS degree 
offering training in the practical aspects 
of construction, repair of equipment 
and structures built with steel. In addi- 
tion, students will learn to weld pipe in 
multiple positions, including training in 
SMAW, GMAW, GTAW and SMAWA. 
Instruction is presented in classroom 
and laboratory using modern welding 
equipment and tools. ATI provides 
students with the knowledge and skills 
necessary for entry-level employment as 
a combination structural and pipe 
welder. ATI offers financial assistance 
for those who qualify and graduate 
placement assistance. Certified by 
SCHEV to operate in Virginia. 

Advance Institute Of 
Welding Technology 

Founded 1999 

The Advance Institute of Welding 
Technology was established in 1999 
by C Sridhar, Director-Technical. AIWT 
offers excellent International Level short 
term skill development and certified 
basic (SMAW, OFW on plate) and ad- 
vanced courses on Plate/Pipe - 6G. 
(SMAW, GTAW, GMAW, FCAW, SAW, 
RSW etc.) Special courses for marine 
fitter/welder (through DNV) and 
welding technology, QA/QC, WPS/ PQR 
AVPQ, Welding Inspection, NDT Level- 
II and certificate training programs at 
Engineer Level in India and abroad. 
AIWT is ISO 9001-2008 certified and 
IIW (India) Approved Training Institute. 
AIWT has trained more than 7500 per- 
sonnel in their 25 years experience. We 
conduct In-house programs globally and 
have received a Life Time Achievement 
Award from the Government of India. 

(«!) 

Advanced Technology Institute (ATI) 
5700 Southern Blvd. 
Va. Beach, VA 23462 

(757) 490-1241 
www.auto.edu 

«y 
20, Bharathi Nagar, Gerugembakkam, 
Chennai, Tamilnadu-600 122, India. 

91 44 - 658 55176 or 2382 1812 
Mobile 0 944497 1077 or 94445 21267 

E-mail: aiwt_welding@yahoo.co.in 
sridhar305 @yahoo.com 
vrajasaker@yahoo.com 

www.advanceweldinginstitute.com 

Advanced Welding Institute 
Founded 2003 

Advanced Welding Institute is a post- 
secondary welding school committed to 
assisting all individuals in developing 
marketable welding skills. We offer a 
Structural Welding Program (600 hr) 
and Combination Structural and Pipe 
Welding Program (960 hr). During the 
program students focus on SMAW, 
GMAW, FCAW, and GTAW with class 
sizes no larger then 20 students. Classes 
start in March and September every 
year. In addition, we perform special- 
ized training to meet individual 
and company needs. Financial aid is 
available for those who qualify. 

ADVANCED 
WELDING 

INSTITUTE 

2 Green Tree Drive, Suite 3 
South Burlington, VT 05403 

(802) 660-0600 
Fax: (802) 660-0689 

Akron Testing Lab. 
& Welding School Ltd. 

Founded 1953 

Akron Testing Lab and Welding School 
Ltd., has been training and qualifying 
welders for over 50 years. Founded in 
1953 and located in Northeast Ohio, 
offers certificate classes or a dipolma 
program in "Welding Technology." 
Classes offered include SMAW, pipe 
welding, GMAW steel and aluminum, 
GTAW, FCAW, oxyfuel, and blue print 
reading. Customized training is offered 
to employers. Ohio Registration 79-01- 
0631T. 

® 
Akron Testing Laboratory 

and Welding School 
1171 Wooster Road N. 
Barberton, OH 44203 

atweldsch@att.net 
(888) 859-0664 

Fax: (330) 753-2268 
www.akronweldingschool.com 

Alfred State College 
SUNY College of Technology 

Founded 1908 

Alfred State College offers welding 
training on its Wellsville, N.Y. campus. 
Earn an associate in occupational 
studies degree. Employer-driven 
curriculum teaches the skills needed in 
today's workforce: oxyfuel, SMAW, 
GTAW, GMAW, and pipe welding. 
Program includes key support courses 
such as metallurgy, blueprint reading, 
and qualify control. Benefit from AWS 
Level I and II certification. Enjoy 
small classes, tutoring and personal 
attention. Customized courses available 
for employers. 

Hit the ground running! 

10 Upper College Drive 
Alfred, NY 14802 
(800) 4-ALFRED 

www.alfredstate.edu 
admissions@alfredstate.edu 
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American River College 
Founded 1955 

The Welding Technology degree provides 
skills and knowledge in manual and semi- 
automatic welding processes used in the 
metal fabrication and construction 
industries. Instruction covers materials, 
equipment, testing procedures, safety, 
mathematics and blueprint reading. 
Competencies include techniques of 
joining ferrous and nonferrous metals 
by the use of shielded metal arc welding 
(SMAW), gas metal arc welding (GMAW), 
flux cored arc welding (FCAW), gas 
tungsten arc welding (GTAW), and weld- 
ing procedures. The American Welding 
Society (AWS) nationally accredits Amer- 
ican River College's welding program. 
ARC has met all the requirements of the 
AWS QC4 Standards for Accreditation of 
Test Facilities for their Certified Welder 
Program. American River College is a 
level 2 SENSE program. 

Belllngham Technical College 
Welding Technology Program 

Founded in 1956 

Bellingham Technical College's Welding 
Technology Program offers AAS and 
AAS-T degrees in certified welding and 
fabrication for a vibrant community 
of pipelines and Northwest Washington 
refineries, ship building and repair, 
transportation, and shops and 
fabricators. Our award-winning program 
is in an 80,000 sq. ft. state-of-the-art 
facility that houses our 200 plus enroll- 
ment in pipe welding, aluminum welding 
and fabrication, steel fabrication, and 
creative welding. Our Annual Welding 
Rodeo Sculpture Contest is a one-of-a- 
kind experience for Amateurs and 
professional artists throughout the 
Pacific Northwest. 

m 
4700 College Oak Drive 
Sacramento, CA 95841 

(916) 484-8354 
ramos@arc.losrios.edu 

www.arc.losrios.edu 

Brevard Community College 
Founded 1960 

Brevard Community College, located in 
the heart of the nation's space coast, 
offers a one and one-half year Welding 
Technology certificate program. The 
program provides the theoretical and 
practical experience necessary to 
develop a basic foundation in the skills 
of welding, and is designed to train 
students to become certified welders in 
pipe and structural steel. AWS, ASME, 
API and ANSI welding codes apply. 
Graduates of the program will be 
prepared for entry-level positions as 
welders and are eligible to take the 
AWS weld certification exam. And, as 
always, OSHA industry standards will 
be reinforced. 

(0) 
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Mr. Kenneth Cox, Asst. Prof, CWE/CWI 
1519 Clearlake Road, Cocoa, FL 32922 

(321) 433-7499 
coxke@brevardcc.edu 

www.brevardcc.edu 

ftcllincKjm 
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3028 Lindbergh Ave. 
Bellingham, WA 98225-1599 

(360) 752-8301 
www.btc.ctc.edu or www.weldingrodeo.com 

rjones @btc.ctc.edu 

Bellingham Technical College 
Welding Rodeo 

BTC's 10th annual team welded 
sculpture competition and auction will 
be held Friday and Saturday, May 20th 
and 21st, 2011. The theme for 2011 is 
"Free Style." Friday we will showcase 10 
amateur high school and college level 
teams, and on Saturday we will showcase 
10 professional level teams competing 
for prizes and cash. The public is 
invited both days. Contact us for more 
information or visit our website. 

Bf'llirtBKjm 
"(i MNtCAl 

3028 Lindbergh Ave. 
Bellingham, WA 98225-1599 

(360) 752-8301 
www.btc.ctc.edu or www.weldingrodeo.com 

danderson@btc.ctc.edu 
jdonnelly@btc.ctc.edu 

mkuebelbeck@btc.ctc.edu 

Butte-Glenn 
Community College 

Founded 1967 

The Welding Technology Program is a 
vocational core of courses designed to 
produce qualified personnel for certi- 
fied welding jobs. Program performance 
standards are in accordance with the 
AWS SENSE Program and follows 
NCCER curriculum, ASME, and API 
codes. Courses are held in a completely 
modern and well-equipped welding lab. 
Program is designed to produce entry- 
level welding technicians in the 6-G 
pipe position (qualifies for all positions 
in plate and pipe). SMAW, FCAW, 
GMAW, GTAW, OAW, OFC, PAC and 
AAC in all positions with a 
variety of metals and alloys are taught. 
Certification in AWS, ASME, and 
API according to individual skills. 
The PG&E Power Pathway Gas 
Pipeline Welding Capstone: Courses 
within this pathway help 
prepare students for careers within 
the petrochemical/natural gas pipe- 
line industry. The power pathway 
specifically trains welders for potential 
apprentice welding positions within 
Pacific Gas and Electric. 

j BLTTTHCni 1 pnF 

^wi 
3536 Butte Campus Drive 

Oroville, CA 95965 
Don Robinson, robinsondo@butte.edu 

(530) 895-2469, Fax: (530) 895-2302 
Miles Peacock, peacockmi@butte.edu 

(530) 879-6162, Fax: (530) 895-2302 
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Cal-Trade Welding School 
of Modesto 

Founded 1975 

Cal-Trade Welding School of Modesto 
has been operating since 1975. Using 
the industry employers as a guide, we 
teach SMAW, GMAW, GTAW, FCAW 
and pipeline welding. Welding tech- 
nique training is primary and students 
are given one-on-one instruction. In the 
20 week Combination Welding Course 
students have the opportunity to earn 
multiple certifications. Welding theory, 
mathematics for welders and blue print 
reading are also offered. Lifetime job 
placement assistance is available to 
students after graduation. 

Calumet Welding Center 

Calumet Welding Center provides 
welder education and certification for 
Northwest Indiana and the Chicagoland 
area. Welding classes offered include 
SMAW, GMAW, and GMAW-Spray 
Arc, GTAW, FCAW, and blueprint 
reading. Our customized training pro- 
grams can focus on a company's specific 
needs and accommodate diverse skill 
levels. Instruction space is available for 
corporate rental. In partnership with 
an AWS accredited testing facility, 
we offer certifications and procedure 
qualification. 

424 Kansas Ave. 
Modesto, CA 95351 

(209) 523-0753 
Fax: (209) 523-8826 

The Calhoon MEBA 
Engineering School 

The Calhoon MEBA Engineering 
School (CMES), located in Easton, 
Maryland, provides welding courses that 
include technical and skill training. 
Curriculum teaches skills in SMAW, 
GTAW, GMAW, FCAW, OAW, OAC, 
PAC, soldering, and brazing of ferrous 
and nonferrous metals. CMES offers 
AWS SENSE level 1 welding training 
programs. Basic metallurgy, welding 
codes and specifications, standards-of- 
practice, welding terminology, blueprint 
reading and distortion control, will be 
reviewed and practiced. Job specific 
training programs are available. 

27050 St. Michaels Road 
Easton, MD 21601 

(410) 822-9600 
Bryan Jennings 

bjennings@mebaschool.org 
www.mebaschool.org 

1947 N Griffith Blvd 
Griffith IN, 46319 

(219) 923-9353 
info@calumetwelding.com 
www.calumetwelding.com 

Capital Region Career and 
Technical School 

Welding and metal fabrication students 
learn the skills and techniques necessary 
for success as a certified welder. 
Students will learn SMAW, GMAW, 
Flux cored, GTAW welding and orbital 
GTAW welding. Students also learn 
about the operation of welding and 
metal fabrication machinery, blueprint 
reading, clean room environments and 
shop theory. This program offers 
students the opportunity to take 
multiple AWS, ASME and N.Y. Dept. 
of Transportation welder qualification 
tests. Upon completion of the program, 
students are prepared to seek employ- 
ment as a certified welder. 

X 
,-'*•*•"-., 

V 

1015 Watervliet -Shaker Road 
Albany, NY 12205 

(518) 862-4707 
Welding Teacher 

Chris Lanese 
clanese@gw.neric.org 

Center For 
Employment Training 

Founded 1967 

Center for Employment Training is 
accredited by the Western Association of 
Schools and Colleges (WASC). We are 
employer-driven teaching a curriculum 
that meets the workforce demands. 
Graduates will receive a welding 
fabrication certificate, along with the 
opportunity to receive eight AWS Dl.l 
approved Certifications. Welding Certifi- 
cations available are: SMAW-E7018, 
FLUX CORE-NR 211 E71T-1, FLUX 
CORE-NR 232 E71T-8, GMAW-ER- 
70S-6, TIG ALUMINUM-ER-4043, TIG 
CARBON STEEL-ER-70S-2, TIG 
STAINLESS STEEL-308-L, DUAL- 
SIIIELD-E71T-1M. Customized training 
is available to employers. We are 
certified to train veterans and offer 
financial aid to those who qualify. 

Center For Employment Training 
1430 Cooley Court 

San Bernardino,CA 92408 
(909) 478-3818 or (888) 379-5358 

Fax: (909) 478-9506 
Office hours: 8:00 am to 5:00 pm PST 
Email: sanbernardino@cet2000.org 

www.cetweb.org 
Central Piedmont 

Community College 
James Turner Institute of 

Welding Technology 
Founded 1963 

CPCC offers welding training at its 
Charlotte, North Carolina campus. 
Earn a Certificate or Associate in 
Applied Science Degree in Welding 
Technology. We teach the skills needed 
for today's work force: Oxyfuel, SMAW, 
GTAW, GMAW, FCAW and more. Key 
support courses such as Metallurgy, 
Blueprint Reading, Ouality Control, 
and Nondestructive Examination. We 
have been an AWS Accredited Testing 
Facility since 2000 and have NCCER 
certified instructors. In addition to our 
AWS student chapter we have an active 
blacksmithing group on campus. 

HGetThere. 
CENTRA! PIEDMONT COMMUNITY COli£G€ 

PO Box 35009 
Charlotte, NC 28235 

(704) 330-2722 
www.cpcc.edu/welding 
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Central Wyoming College 

Central Wyoming College, located 
in the beautiful Wind River Valley, 
offers an employer-driven welding 
curriculum designed to provide gradu- 
ates with entry-level backgrounds in the 
different aspects of welding. Central 
Wyoming College welding students 
receive rigorous hands-on training 
in various welding and cutting processes 
including oxyfuel, SMAW, GMAW, 
FCAW, GTAW, and pipe welding. 
Students have a choice of earning a 
credential, certificate or an associate of 
applied sciences degree. Check out our 
program at www.cwc.edu. 

ENTRAL 

LEGE 

2660 Peck Avenue 
Riverton,WY 82501 

(307) 855-2119 
www.cwc.edu 

Dudley Cole, (307) 855-2138 
Admissions (800) 865-0193 

Commercial Diving Academy 
Founded in 1995 

Commercial Diving Academy (CDA) is 
the only fully-accredited diver training 
program with IMCA-recognized training, 
on-campus housing and a full meal plan. 
CDA offers the most comprehensive and 
rigorous (20 weeks) program of all the 
accredited commercial diver training 
schools. CDAs graduates may earn 
certifications from the Association of 
Commercial Diving Educators, Associa- 
tion of Diving Contractors International, 
Diver Certification Board of Canada, 
National Center for Construction 
Education and Research, American 
Petroleum Institute, American Welding 
Society, Hazwoper Environmental 
Training, National Board of Diving and 
Hyperbaric Medical Technicians, 
National Academy of Scuba Educators, 
and National Registry Emergency 
Medical Technician. 

iTir/ 

Commercial Diving Academy 
Maritime Welding Program 

CCDAs Maritime Welding Program 
prepares graduates for the exciting and 
fast-paced career of welding, both off- 
shore in the Gulf of Mexico and in ship- 
yards, building everything from oil 
tankers to battleships. We developed the 
curriculum by working closely with the 
leading companies in these industries. 
This program was designed to fulfill the 
ongoing demands for entrylevel welders. 
Unlike traditional welding schools that 
teach students how to weld in a booth, 
CDA simulates the environment of a real 
maritime welder with ship fitting, 
crane operations, rigging and offshore 
survival. Our curriculum is associated 
with NCCER, supports the AWS 
SENSE guidelines, and is accredited by 
API to ensure our students exceed 
employer's expectations. 

Allen G. Garber 
Chief Administrative Officer 

8137 North Main Street 
Jacksonville, FL 32208 
(888) 974-2232 toll free 

(904) 766-7736 
Fax: (904) 766-7764 

www.cda.edu 

College of the Canyons 

An AWS SENSE affiliated and AWS 
Accredited Testing Facility that has 
trained and certified welders for over 34 
years. College of the Canyons is also a 
Certified Educational Center for the 
Fabricators Manufacturers Association. 
Courses are offered in metal fabrication 
in addition to many of today's most 
popular welding processes, including 
welding automation and laser welding. 
Day and night courses are offered with 
program completion obtainable in less 
than one year. 

y^ 

Community College 
of Denver 

The CCD welding program offers four 
certificate programs and one option to 
earn your Associate of Applied Science 
Degree Complete your Fabrication 
Welder certificate in three, 16-week 
semesters. You'll be prepared to 
take the SMAW, GMAW and 6G pipe 
certification test to become an arc, plate, 
industrial, production, fabrication, 
GMAW/GTAW or construction welder. 
Credits earned toward your certificate 
can be applied toward an AAS degree. 
Contact us for more information. 

COLLEGE OF THE CANYONS 

26455 Rockwell Canyon Road 
Santa Clarita, CA 91355 

(661) 259-7800 
Email: tim.baber@canyons.edu 

www.canyons.edu 

o coMMUNiry 
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DENVER 

llllWColfaxAve. 
Denver, CO 80204-2026 

(303) 556-2600 
Christine Smith Olsey 

christine.smitholsey@ccd.edu 

Drew Duffy 
Admission - CDA Welding Program 

Jacksonville, FL 32208 
(888) 974-2232 toll free, (904) 766-7736 

Fax: (904) 766-7764 
www.cdawelding.com 

Cuesta College Welding 
Technology 

Founded 1965 
Located on the central coast of 
California, the Cuesta College Welding 
Technology program has a strong history 
of preparing students for work in 
industiy. Students certify to AWS Dl.l 
and ASME Section IX and have the 
opportunity to obtain associative science 
degrees in welding technology. Our 
curriculum is well rounded with courses 
ranging from basic welding through 
certification, as well as courses in 
metallurgy, blueprint reading and welding 
power. The shop facility includes twenty 
multiprocess welding stations with current 
power supply technology. There are a 
total of eight part-time instructors and 
one full-time instructor. Four of our 
instructors are CWI's. We are about to 
unveil our new 8 station mobile welding 
lab. Article sponsored by CBI of San Luis 
Obispo, California. 

CUESTA 
COLLEGE 

P.O. Box 8106 
San Luis Obispo, CA 93403-8106 

(805)546-3100 ext 2737 
Rob Thoresen, rthorese@cuesta.edu 
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Cosumnes River College 

Cosumnes River College offers a 
"hands on" style welding certificate 
program. Students can become certified 
in SMAW, GMAW, FCAW and GTAW 
processes. The advanced welding 
courses offer AWS certifications in 
ASME and AWS Dl.l code standards. 
Graduating students can become a 
certified welding operator, welding 
inspector and shop supervisor for 
construction and manufacturing 
companies. The lead instructor, Jason 
Roberts is an AWS CWE/CWI and 
Federal OSHA Trainer. 

'A COSUMNES RIVER COLLEGE 

For more information please contact: 
Jason Roberts 
(916) 691-7386 

8401 Center Parkway 
Sacramento, CA 95823 

robertj @ crc.losrios.edu 

Dalus, S.A. De C.V. 
Welder Training & 

AWS Certification Center 
In Mexico 
Founded 2000 

DALUS was founded in 2000 for the 
purpose of training and testing people 
in certifiable skills and knowledge that 
will help to integrate them into a world 
class workforce. DALUS is an AWS 
Accredited Test Facility (ATF) and a 
member of the S.E.N.S.E. (Schools 
Excelling through National Skills 
Education) program and administers 
SCWI, CWI and CWE prep course and 
exams three times a year. DALUS also 
offers courses designed to meet 
employer's specific needs. 

DALLuff 
Parque Industrial Kalos 

Monterrey, NL - MEXICO 
+52 (81) 8386-1717 

info@dalus.com 
www.dalus.com 

Delaware Area Career Center 

Welding students at the Delaware Area 
Career Center design, engineer, build, 
and troubleshoot complex manufacturing 
solutions for actual clients. They learn to 
interpret blueprints and specifications 
using math and computer technology. 
They also develop the strength, work 
ethic, and stamina necessary for a career 
in fabrication. Upon completion, the 
students are prepared for NCCER 
(National Center for Construction 
Education and Research) welding 
certificate, AWS (American Welding 
Society) certifications, immediate 
employment as an apprentice, and 
further education. 

Dabney S. Lancaster 
Community College 

Founded 1967 

Dabney S. Lancaster Community 
College offers welding training on its 
western Virginia campus. Earn a certifi- 
cate or associate in applied science de- 
gree. Employer-driven curriculum 
teaches the skills needed in today's 
workforce: oxyfuel, SMAW, GTAW, 
GMAW, and pipe welding. Key support 
courses such as metallurgy, blueprint 
reading, and quality control. Benefit 
from free qualification testing. Enjoy 
small classes, free tutoring, and personal 
attention. Customized courses available 
for employers. Offering quality, afford- 
able education, and training since 1967. 

Lynnes Welding Training, Inc. 
Founded 2004 

Fast track your welding career in just a 
few weeks or a few months. Our 
students have the option of choosing 
the process they want to learn and the 
time of year they want to be in school. 
Upon passing a welding test in GMAW, 
SMAW, GTAW or pipe, they will 
receive a certification. All of our 
instructors are AWS CWFs and have 
several years of welding experience. 
Maximum class size of ten students per 
instructor. We accept the G.I. Bill, 
(combination course only). 

1000 Dabney Drive, 
Interstate 64, exit 24 

Clifton Forge, VA 24422-1000 
(540) 863-2895 

Email: mbryant@dslcc.edu 
www.dslcc.edu 

i^tf 
2717 3rd Ave. N 
Fargo, ND 58102 

(701)373-0658 
Bismarck, ND 
(701) 751-4256 

www.learntoweld.com 

D   CC 
Scott Laslo 

(740) 203-2238 
www.DelawareAreaCC.org 

The Divers Academy 
International 

Founded 1977 

Divers Academy International offers 
the highest quality Underwater Welding 
and Commercial Deep Sea Diving 
training in the shortest amount of time 
to jumpstart your career. For over 30 
years, it has been known for its full-im- 
mersion training methodology and its 
state-of-the-art facilities. Underwater 
cutting and welding is just one part of a 
comprehensive 5-month curriculum. 
Upon completion of your education 
from Divers Academy International, 
your skills can be applied to a 
variety of commercial diving careers. 
Commercial divers maintain, repair, in- 
spect, construct and install pipelines, oil 
platforms, power and communication 
cables, industrial plants, power plants, 
bridges, tunnels, piers, and dams. Our 
training for Commercial Deep Sea 
Diving and Wet Welding provides 
students with an employer's most 
sought-after qualification: on-the-job 
experience. Financial aid is available to 
those who qualify. 

BftjACADEMY 

Lakeside Business Park 
1500 Liberty Place 

Erial, NJ 08081-1139 
(800) 238-DrVE 

admissions@diversacademy.com 
www.diversacademy.com 
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Earlbeck Gases 
& Technologies 

Earlbeck Gases & Technologies as a 
training partner with Anne Arundel 
Community College offers welding 
training in the Baltimore/DC area. The 
fundamentals course instructs in the 
basics of oxyfuel, GTAW, GMAW and 
SMAW. Successful students may then 
progress through intermediate and 
advanced classes in SMAW, GMAW 
and GTAW. Intermediate classes offer 
certification testing in plate. Advanced 
classes offer certification testing in pipe. 
Customized and mobile training is also 
available for employers. 

Don Hodges 
8204 Pulaski Highway 
Baltimore, MD 21237 

(410) 687-8400 
dhodges@earIbeck.com 

www.earlbeck.com 

Eastern Maine 
Community College 

Founded 1966 

EMCC offers a comprehensive welding 
program in Bangor, Maine. Students 
may earn a diploma or associate degree 
in welding or pipefitting technology 
including metallurgy and QA/QC to 
prepare them to successfully enter the 
workplace. SMAW, FCAW, GMAW, 
GTAW and cutting processes in both 
structural and piping applications are 
studied in a spacious training facility 
equipped with modern welding 
equipment. AWS testing facility offer- 
ing weld testing, welder certification 
and customized training to the public 
and industry. 

Eastern Maine 
CommunifY College 
Crtnl Cc<ltgt Nmwrt ChaKt 

354 Hogan Road, 
Bangor, ME 04849 

(207) 974-4643 
cmaseychik@emcc.edu 

www.emcc.edu 

Ferris State University        Gadsden Technical Institute 

Ferris State University's nationally 
recognized TAC-ABET Welding 
Engineering Technology program is the 
largest of its kind in the United States. 
Since its inception, more than 25 years 
ago, the program is designed to produce 
plant-level welding engineering 
technology graduates who are involved 
in the concept, design and engineering 
of weldments and implementation of 
welding processes. 

^ FERRIS STATE 
Xrb UNIVERSITY 

Welding Engineering Technology 
915 Campus Drive, Swan 107 

Big Rapids, MI 49307 
(231) 591-2952 

Jeff Carney, associate professor/ 
program coordinator 
carneyj @ferris.edu 

www.ferris.edu/welding 

Florida State College 
of Jacksonville 

Florida Coast Career Tech is your smart 
choice for welding training. Our hands- 
on, affordable, intensive (9 month) 
program includes all welding processes 
SMAW, GMAW, FCAW and GTAW on 
plate and pipe in steel, stainless steel 
and aluminum. We can also customize 
the training to meet specific needs. At 
our state-of-the-art facility (40 booths), 
faculty are AWS CWI/CWE and can 
provide the training you need to gain 
immediate employment or increase 
your skill. Florida Coast Career Tech is 
a division of Florida State College at 
Jacksonville. Florida State College at 
Jacksonville is accredited by the Com- 
mission on Colleges of the Southern 
Association of Colleges and Schools 
("SACS") to award the baccalaureate 
and associate degree. Contact the Com- 
mission on Colleges at 1866 Southern 
Lane, Decatur, Georgia 30033-4097, or 
call (404) 679-4500 for questions about 
the accreditation of Florida State 
College at Jacksonville. 
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401W. State St. 
Jacksonville, FL 32202 

904) 633-8295 
uwurie@fscj.edu 

www.floridacoastcareertech.org/welding 

Gadsden Technical Institute is an 
American Welding Society SENSE 
school that prepares students for 
employment or advanced training in a 
variety of occupations in the welding 
industry. The applied welding 
technology program is 1170 hours in 
length with certificates offered in 
SMAW, GMAW, FCAW, GTAW, and 
pipe welding. GTI also facilitates 
certification to AWS and ASME codes. 
Applied course work includes design 
and fabrication of challenging 
projects and participation in Skills 
USA activities. 

Gadsden Technical Institute 
201 Martin Luther King Jr. Blvd. 

Quincy, FL 32351 
(850) 875-8324 

Fax: (850) 875-7297 
clarkml 1 @firn.edu 
www.gti.gcps.kl2.fl.us 

Great Basin College Welding 
Founded 1967 

Great Basin College offers an Associ- 
ates of Applied Science Degree and 
a one-year Certificate in Welding 
Technology, established in 1990. 
Currently, 20 students are enrolled in a 
program that prepare them with skills 
to create new products; repair existing 
products; and work in the mining, man- 
ufacturing, construction, transportation 
and agricultural industries. Program 
highlights include instruction in welding 
theory, blueprint reading, fabrication, 
quality control, metallurgy, qualification 
testing, destructive and nondestructive 
testing principles, and safety. 
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Elko, Nevada 
(775) 753-2207 or (775) 753-2170 

Rich Barton e-mail: 
richardb@gwmail.gbcnv.edu 

Jon Licht e-mail: 
jonl@gwmail.gbcnv.edu 

www.gbcnv.edu 
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Harper College 
Harper College's 16 credit-hour certificate 
program provides students with entry-level 
skills in welding fabrication and repair. The 
program emphasizes advanced welding 
theory, extensive practice in major arc 
welding process, and out-of-position and 
multipass arc welding including GMAW, 
SMA\^ and GTAW. Upon completion of 
the certificate program, students are 
prepared to pass guided bend tests to 
become certified welders in accordance 
with AWS (American Welding Society) 
Dl.l Structural Welding Code. Harper's 
program also provides custom training in 
welding and fabrication for employees of 
area businesses. 

Harper College 
QoForMfd' 

Kurt J. Billsten 
Coordinator of Maintenance Technology 

1200 West Algonquin Rd. 
Palatine, XL 60067 

(847) 925-6149 
Fax: (847)925-6049 

kbillste@harpercollege.edu 
www.harpercollege.edu 

HIM College 
Founded 1923 

Hill College offers comprehensive 
welder training on both its Hillsboro and 
Cleburne, Texas campuses. Students can 
choose from several program options 
ranging from marketable skill awards to 
an Associate of Applied Science degree. 
Employer-driven curriculum covers 
SMAW, GMAW, FCAW, GTAW, pipe 
welding, and blueprint reading. State-of- 
the-art technology combined with hands- 
on curriculum give Hill College students 
the experience to jump start their 
careers. Hill College also offers 
continuing education credits and 
customized courses for employers. 

Welding Department 
2112 Mayfield Parkway 
Cleburne, Texas 76033 
(817) 556-2809 ext.201 

Email: bbennett@hillcollege.edu 
www.hillcollege.edu 

Hobart Institute of 
Welding Technology 

Founded 1930 

Hobart Institute of Welding Technol- 
ogy's course catalog explains in detail 
the wide range of welding classes and 
certifications offered by Hobart Insti- 
tute of Welding Technology. More than 
25 separate welding courses are 
described by course objective, content, 
and testing requirements. Also inside 
the catalog are course schedules, 
training rates, and enrollment forms. 
Training may be done at our 
facility or yours. Also offered are 
complete training programs including 
DVDs, Instructor Guides, and 
Student Workbooks. 
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400 Trade Square East 
Troy, OH 45373 
(800) 332-9448 

FAX: (937) 332-5200 

www.welding.org 
Hutohlnson Community 

College/AVS 

HCC offers Certificate, Associate in 
Applied Science degrees and industry 
training in welding technology. The 
AWS certified program includes all 
welding processes, as well as experience 
in fabrication and manufacturing meth- 
ods. The welding and employability 
skills taught result in excellent graduate 
placement, as well as job opportunities 
while students pursue their education. 
Morning, afternoon and evening classes 
are available, with multiple entry 
opportunities. Our locations include 
Hutchinson and Newton, Kansas. The 
Ade-Wifco Reno County Industrial 
Center in Hutchinson features newly 
remodeled and expanded welding and 

fabrication labs and classrooms. 
1300 N. Plum 

Hutchinson, KS 67501 
(620) 665-3502 

www.hutchcc.edu/weldit 
fitzgeraldsd@hutchcc.edu in Hutchinson 

(316) 273-7000 
jensenl@hutchcc.edu in Newton 

Illinois Valley 
Community College 

Founded 1924 

Illinois Valley Community College 
offers welding training and fabrication 
classes. Over 100 students are trained 
each semester in all the major welding 
processes: SMAW, GMAW, GTAW, 
FCAW, and Oxyacetylene. Welding 
Blueprint Reading and Metallurgy 
are also taught. IVCC is an AWS 
Accredited test facility and has 20 
welding stations in a very modern lab 
and a fully equipped fabrication lab. 
The training helps prepare students to 
pass nationally recognized plate and 
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pipe tests. Customized training is also 
available to area employers. 

Paul Leadingham 
Welding Program Coordinator 

815 N. Orlando Smith Road 
Oglesby,IL 61348 

(815) 224-0319 

paul_leadingham@ivcc.edu 
www.ivcc.edu 

Kenal Peninsula College 
Kenai Peninsula College is a branch of 
the University of Alaska located 150 
miles south of Anchorage on the Kenai 
Peninsula. KPC offers certification on 
AWS Dl.l, D .375 steel plate 3G and 
4G SMAW, ASME Section IX pipe 
certification on steel 6-inch schedule 80 
6G SMAW. Our welding certificate 
program includes math, blueprint read- 
ing, and English (students must certify 
on pipe to complete certificate). KPC 
students are provided with 3M® 
powered air purifying respirator weld- 
ing hoods. Nonresident tuition is waived 
for students taking classes at KPC for 
the Fall 2011 and the Spring 2012 
semesters. This waiver does not apply to 
students    taking    distance-delivered 

Kenai Peninsula College 

courses while residing outside the state 
of Alaska. 

156 College Road 
Soldotna, AK 99669 

(907) 262-0300 
Fax: (907) 262-0395 

Fritz Miller, Welding Instructor 
(907) 262-0356 

iflwm@uaa.alaska.edu 
www.kpc.alaska.edu 
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Mesabi Range Community       Missouri Weiding Institute 

& Technical College Founded 1994 

Lincoln Electric 
Welding School 

Founded 1917 

Learn to weld at the Lincoln Electric 
Welding School. We have trained over 
150,000 welders in many different 
trades (ironworkers, boilermakers, pip- 
efitters, and sheet metal). Learn to weld 
with the latest technology in equipment 
and consumables, on different base 
metals (carbon steel, stainless, alu- 
minum and cr/mo) and all arc welding 
processes (SMAW, GMAW, GTAW, 
FCAW, SAW). Our instructors, have 
real world experience in factory and 
motorsports welding, including track- 
side welding at NASCAR®, IRL® and 
NHRA® events. We also can complete 
jobsite training at your location. 

LINCOLN 
ELECTRIC 

22801 St. ClairAve. 
Cleveland, OH 44117 

(216) 383-2259 
www.lincolnelectric.com 

Maysville Community and 
Technical College 
Rowan Campus 

This program offers plate and pipe weld 
training using the SMAW, GMAW, and 
GTAW processes. Training can lead to 
a certificate, diploma, or Associate 
Degree as well as certification on 
structural steel with the SMAW and 
GMAW processes. Program is certified 
by the AWS as an Educational Institu- 
tion Member and certified by the 
United Association of Plumbers and 
Pipefitters as an orbital tube welding 
training/certification center. 

Mesabi Range offers a rigorous welding 
curriculum following national skills 
standards developed by the American 
Welding Society. The Entry Level 
Welder Diploma and the Advanced 
Welder Diploma, established in 1997, 
give the successful graduate very 
marketable skills in the welding 
industry. Experienced, knowledgeable 
instructors, a great staff, up-to date 
equipment, and a modern shop provide 
a great learning environment. We have 
100% job placement in the last ten years. 
Welding certifications are available. 

Maysville 
lt» A  lirfaakj 

Welding Technology 
609 Viking Dr. 

Morehead,KY 40351 
Dean Howard / Stanley Click 

(606) 783-1538 ext. 66347 or 66334 
Deanb.howard@kctcs.edu 

Stanley.click@kctcs.edu 

Become an AWS and ASME certified 
welder in 18 weeks. Established in 1994 
MWI teaches pipe and structural 
welding and fitting. Each day you will 
spend 7 hours performing hands-on 
welding and fitting with the remaining 
hour of your day spent in the classroom 
or the country's largest state of the art 
pipe fitting laboratory. MWI offers day, 
evening and graveyard shifts to 
accommodate everyone's schedule. 

P.O. Box 648 
1100 Industrial Park Drive 

Eveleth, MN 55734 
(218) 741-3095 

Fax: (218) 744-7644 
www.mr.mnscu.edu 

Mid-Plains 
Community College 

Mid-Plains Community College's Weld- 
ing and Machine Shop Technology is of- 
fered at North Platte and McCook 
campuses. The program is an open- 
entry, open-exit program that leads to a 
diploma or associate of applied science 
degree and employment in the weld- 
ing/machine shop field. Students will 
progress according to his/her abilities 
and efforts. Upon completion of a set 
of prescribed technical competencies, 
students will be able to perform skills 
necessary to be successfully employed at 
the entry level. 

Vl »/ 

♦. 

%M, 

1101 Halligan Dr. 
North Platte, NE 69101 

(800) 658-4308 
info@mpcc.edu 
www.mpcc.edu 

Ml> 

Missouri Welding Institute 
3300 N. Industrial Parkway 

PO Box 445 
Nevada, MO 64772 

(800) 667-5885 
Fax: (417) 667-5885 

www.mwi.ws 

Monroe County 
Community College 

Founded 1964 

Monroe County Community College 
located in Monroe, Michigan offers a 
welding technology program which 
includes training in SMAW, GMAW, 
FCAW, and GTAW, plate and pipe in all 
positions, using mild steel, stainless 
steel and aluminum. Courses may be 
applied towards an associate degree in 
applied science, welding certificate or 
transferrable to a four year bachelor 
degree. American Welding Society QC- 
10 (Entry level) and QC-11 (Advanced 
level) classes are available. 

&\ 
MONRO€ COUNTY 

COMMUNITY COLLEGE 

1555 1M* •o*n..lW feod 
Monre*. MI  48161 9744 

Roop Chandel (734) 384-4165 
rchandel@monroeccc.edu 

Cameron Albring (734) 384-4112 
calbring@monroeccc.edu 
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Moraine Park 
Technical College 

Moraine Park Technical College offers 
a one-year welding diploma program 
focusing on GMAW, FCAW, SMAW and 
GTAW in all positions. Instruction 
includes AWS and ASME welding codes, 
print reading and fabrication courses. 
Moraine Park also offers a one-year 
Metal Fabrication Diploma and a two- 
year Fabrication Technologies Associate 
Degree. Both programs emphasize the 
manufacturing process of taking a 
product from conception to final 
product using lasers, plasma and flame 
tables, rollers, press brakes and welding 
equipment. 

jy[ORAIN£ 
PARK 

' i i  n s : i   \ I   COLLIOI 

235 N. National Avenue, 
Fond du Lac, WI54935 
www.morainepark.edu 

Jeremiah Johnson, (920) 887-4490 
jjohnsonlO@morainepark.edu 

Gary Watry, (920) 887-4494 
gwatry@morainepark.edu 
Jeff Beach, (920) 924-6438 
jbeach@morainepark.edu 

Larry Clark, (920) 924-3433 
lclark@morainepark.edu 

North American Trade 
Schools 

Founded 1971 

Since 1971 North American Trade 
Schools has been providing skilled 
training to accommodate the needs in 
the Baltimore area for entry level tech- 
nicians. North American Trade Schools 
offers a Combination Welding program 
that includes SMAW, GTAW, GMAW, 
Pipe and many other relevant disci- 
plines of Welding. Please give us a call 
to see what our graduates can do to help 
fill your hiring needs. 

TRADTSCHOOLS 
6901 Security Boulevard 

Baltimore, MD 21244 
(410) 298-4844 

www.natradeschools.com 

North Central Texas College 

North Central Texas College Division of 
Lifelong Learning offers a welding 
program unlike most others. With its 16 
booth state-of-the-art facility, built in 
2009, the welding program at NCTC 
has become well-known for its success- 
ful program completers. Students can 
come and go as needed for class thanks 
to our clock-hour program. Our biggest 
asset is our one-on-one instructional 
style, as well as our low-cost 
courses. Call (940) 668-4272 to ask 
about our welding programs, or e-mail 
mfuhrmann@nctc.edu. 

Nofc 
1525 West California St. 
Gainesville, TX 76204 

(940) 668-4272 
www.nctc.edu/LifelongLearning/ 

WeldingTechnology 

Northeast Wisconsin 
Technical College 

Northeast Wisconsin Technical College 
offers training in welding, weld inspec- 
tion and nondestructive testing in 
Green Bay, Marinette, Sturgeon Bay, 
Wisconsin, and by contract at worksites 
nationwide. NWTC welding graduates 
can build and repair metal components 
using major welding processes used by 
industry and knowledge of blueprints, 
metallurgy and layout; can weld to AWS 
and ASME codes; can work as mainte- 
nance welders, qualified welders, 
structural welders, welder/fabricators, 
and pipe welders. 

Northeast 
Wiscnn-m 1 < chnical College 
n 

2740 West Mason Street 
P.O. Box 19042 

Green Bay, WI 54307-9042 
(800) 422-NWTC, ext. 5444 

www.nwtc.edu 

North Dakota State College 
of Science 

North Dakota State College of Science 
is a two-year college located in 
Wahpeton, N.D, with an additional 
commuter site, NDSCS-Fargo, located 
in Fargo, N.D. NDSCS' Welding Tech- 
nology curriculum provides students 
experience in assembly, manufacturing, 
energy and construction, plus training 
in robotics, inspection, fabrication and 
more. NDSCS offers a one-year certifi- 
cate, a two-year diploma and an A.A.S. 
degree. The facilities are American 
Welding Society S.E.N.S.E. certified; 
NDSCS is an education partner to the 
National Center for Welding Education 
and Training (Weld-Ed). In 2010, 100 
percent of NDSCS welding graduates 
entered the work force or continued 
their education. 

THE SCIENCE OF SUCCESS 

NDSCS-Wahpeton 
800 Sixth St. North 

Wahpeton, N.D. 58076 
(800) 342-4325 
www.ndscs.edu 
NDSCS-Fargo 

1305 19th Avenue North 
Fargo, N.D. 58102 

(701) 231-6900 
www.ndscs.edu/fargo 

Email: joel.johnson@ndscs.edu 

Ozarks Technical 
Community College 

Founded 1990 

Ozarks Technical Community College 
offers multiple welding programs, 
providing opportunities for full- or part- 
time students, as well as customized 
training for employers. The Welding 
Technology program includes courses in 
several types of welding and welding 
inspection, leading to either a certificate 
or an A.A.S. The College also offers an 
accelerated 20-week Master Welder 
certificate program. The Center for 
Workforce Development offers short- 
term, non-credit welder training for 
local businesses. OTC is a fully 
equipped, fully accredited AWS 
certified test facility. 

O/JVRKS TKCHNICAL 
COMMUNII Y COI.I-KGK 

1001 E. Chestnut Expwy 
Springfield, MO 65802 

(417) 447-7500 
www.otc.edu 
ask@otc.edu 
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Renton Technical College     Southeast Community College 

Founded 1942 Welding Technology Program 

Pennsylvania College of 
Technology 

Penn State affiliate since 1989 

Penn College offers the complete 
package for those who wish to pursue 
a welding career: recently renovated 
facilities, industry-standard equipment, 
comprehensive curriculum, and full 
campus experience (on-campus housing, 
athletics, and more). In addition to 
associate degree and certificate programs, 
Penn College offers a B.S. degree in 
welding and engineering technology that 
prepares graduates for supervisory, sales, 
and research positions. A public television 
series featuring the program is available for 
viewing at www.degreesthatwork.tv. 

Pennsylvania College 
of Technology 

PtNNSlATt  

One College Avenue 
Williamsport, PA 17701 

(800) 367-9222 
PCTinfo@pct.edu 
www.pct.edu/aws 

Portland Arts and 
Technology High School 

Portland Arts and Technology High 
School in Portland, Maine offers excel- 
lent welder training. AWS certifications 
in SMAW/FCAW, Structural DLL, 
GTAW, GMAW on carbon, aluminum, 
and stainless plate and pipe are also 
taught. The 2-or 3-year course (800- 
1000 hr) is designed to give 
students plenty of practical application 
and theory in oxyfuel, plasma cutting 
and SMAW. Blueprint reading and 
black smithing are also practiced. Adult 
education welding is offered four times 
a year. 

ARTS   TECHNOUXiY 

Renton Technical College, located just 
southeast of Seattle, Washington, offers 
preparatory welder training (AAS 
degree), supplemental training and 
up-grading classes. We offer welder 
certification in all of the popular 
processes, related training, blueprint for 
welders and metallurgy. Curriculum is 
constantly updated to stay current with 
industry. Day, evening, and weekend 
classes are available in oxyfuel, 
SMAW, GMAW, FCAW, GTAW, fabrica- 
tion, and inspection. Our instructors are 
AWS-CWI/CWE with over 80 years 
collective experience. 

Renton Technical C(>ikf*e 

3000 NE Fourth Street 
Renton, WA 98056-4195 

(425) 235-2352 x5554 
Dave Parker at dparker@rtc.edu 

www.rtc.edu 

South Plains College 
Founded: 1957 

South Plains College, located near 
Lubbock TX, offers basic and 
advanced certificates of proficiency as 
well as an associate of applied science 
degree in welding technology. Training 
is done according to AWS SENSE level 
I and level II guidelines. Specific areas 
of training include: OFC, PAC, SMAW 
plate and pipe, GMAW plate and pipe, 
FCAW plate and pipe, GTAW sheet 
and pipe, welding symbols, blueprint 
reading, welding metallurgy, and 
structural & pipe layout & fabrication. 
Instructors are AWS CWI/CWE's. 

William Presby 
Welding Instructor 

presbb@portlandschools.org 
(207) 874-8165 

Fax: (207) 874-8170 

Pete Stracener 
South Plains College 
1401 College Avenue 
Levelland, TX 79336 

(806) 716-2284 
pstracen@southplainscollege.edu 

www.southplainscollege.edu/welding 

Southeast Community College offers 
associate degree, diploma and certifi- 
cate programs using a comprehensive 
curriculum and modern equipment. 
Students enjoy extensive hands-on 
training from experienced and knowl- 
edgeable instructors in all major 
welding processes. Students also will 
gain valuable experiences with CNC 
plasma, fabrication, blueprints, and 
related equipment. The program also 
is an American Welding Society- 
accredited test facility and offers welder 
qualification/certification and training 
services to business and industry. 
Contact us for more information. 

southeast 
community college 

Two Campus Locations 
Mark Hawkins, Program Co-Chair-Lincoln 

(402) 437-2694 
mhawkins@southeast.edu 

Dan Zabel, Program Co-Chair-Lincoln 
(402) 437-2692 

dzabel® southeast.edu 
Shannon Hansen, Program Chair-Milford 

(402) 761-8226 
shansen® southeast.edu 

or the College Admissions Office 
Lincoln (402) 437-2600 
Milford (402) 761-8243 

Southern Maine 
Community College 

Southern Maine Community College 
offers courses in introduction to 
welding process in accordance with 
NCCER, Modem Welding, and the AWS 
Dl.l; Advanced Welding Process 
(GTAW, FCAW, and GMAW), plate and 
pipe welding, and metal art classes. 
Earn a Certificate in Welding or an 
Associate Degree in Integrated 
Manufacturing that combines welding 
with machining. In addition to small 
classes and personal attention, students 
enjoy a picturesque campus surrounded 
by the ocean with a beach, a pier, and 
a lighthouse. 

M UNI 
■ COLLEGE 

2 Fort Road 
South Portland, ME 04106 

(207) 741-5500 
Email: jbolduc@smccme.edu 

www.smccME.edu 
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Southern Union State 
Community College 

Southern Union State Community 
College, located near Auburn, Ala- 
bama, offers an associate degree in 
welding technology and certificates in 
plate welding and pipe welding. 
We have 50 weld booths with the 
capabilities to weld GMAW (MIG), 
FCAW (Flux core), SMAW (Stick) and 
GTAW (TIG) on carbon, aluminum, 
and stainless steel. Southern Union is a 
certified NCCER training facility and 
an AWS accredited Testing Facility. 

Southwestern Oregon 
Community College 

SWOCC is located in Coos Bay on the 
beautiful Southern Oregon coast. The 
college offers 1-year certificates, and an 
associate in applied science degree 
(AAS). A comprehensive curriculum 
trains students in SMAW, GTAW, 
GMAW, FCAW, oxyfuel, plasma 
cutting, and CNC operations. Students 
learn from brand new state of the art 
equipment funded 100% through a 
$1,998,815 US Dept of Labor grant, 
including a computer numerically c 
ontrolled (CNC) Plasma Cutter, 
robotic welder, virtual motion welding 
simulator, and the only mobile welding 
training lab of its kind in the Northwest. 
On campus housing is available. 
SWOCC is "Putting Education to 
Work" as a west coast leader in welding 
education. Auxiliary aids and services 
are available upon request to 
individuals with disabilities. 

1701 LaFayette Pkwy 
Opelika, Alabama 36801 

(334) 745-6437 
Welding Instructors: 

Chet Fomby 
Scottie Smith 

www.suscc.edu 

Southwest Collegiate 
Institute for the Deaf 
of Howard College 

Founded in 1980 

The Welding Technology Program is 
unique in that we specialize in educat- 
ing only deaf and hard of hearing 
students. The program offers a Level I 
Certificate. Some of the courses offered 
are: Blueprint reading, SMAW, GMAW, 
FCAW, GTAW and pipe welding. In 
addition, the welding program follows 
the AWS SENSE Entry Level guide- 
lines for welder training. 

t8^ 
Randy Key 
3200Ave.C 

Big Spring, Texas 79720 
(432) 264-3753 
(432) 264-3700 

(866) 954-5729 VP 
Fax: (432) 264-3774 

rkey@howardcollege.edu 
www.howardcollege.edu 

1988 Newmark 
Coos Bay, OR 
(541) 888-1507 
www.socc.edu 

^ 

280A Equity Boulevard 
Houma, LA 70360 

(985) 655-7779 
Fax: (985)655-7781 

info@sparxweldmg.net 
www.sparxwelding.net 

Timpview High School 
Established 1978 

Timpview High School located in Provo, 
Utah, serves 1,930 students in grades 9-12. 
Courses offered: Metals I, II and Vocational 
Metals. Areas of training include oxyfuel, 
plasma-arc, and carbon-arc cutting; SMAW, 
GTAW, GMAW and FCAW welding 
processes. Students may earn a Welding 
Skills Certificate through the Utah State Of- 
fice of Education. Students continue at the 
MATC to receive their SMAW and FCAW 
certifications. The instructor is a CWE 
through the American Welding Society. 

^  if 

SPARX Welding & 
Technology Institute: 

Founded in 2009 

SPARX Welding & Technology Insti- 
tute is dedicated to producing world 
class Welders and Welding Inspectors. 
We provide students with a team 
dedicated to their success in the 
welding industry. Our training programs 
incorporate the newest welding 
technologies, with availability for as 
many as 36 students. Our welder 
program will produce graduates in as 
little as 7 weeks with our real world 
approach to learning. 

3570 North 650 East 
Provo, UT 84604 
(801) 226-2747 

annd@provo.edu 

Tri-County Technical College 
Founded 1965 

The welding department at Tri-County 
Technical College has trained welders 
for industry since 1965. We offer an 
associate degree, diploma, and two 
shorter certificate programs. With two 
CWI/CWEs on staff we can provide 
welder certification testing, as well as 
customized company training. 

7900 Highway 76 
P.O. Box 587 

Pendleton, SC 29670 
(864) 646-1405 

pphelps@tctc.edu 
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Tulsa Welding School 
Oklahoma 
Founded 1949 

Tulsa Welding School is one of the 
largest accredited* welding schools in 
the nation with training centers in Tulsa, 
Okla. and Jacksonville, Fla. Founded 
over 60 years ago. Diplomas and 
occupational associate degrees (Tulsa 
campus only) are awarded. Welding 
competencies include structural, pipe, 
pipeline, and thin alloy welding. Asso- 
ciates degrees also include numerous 
NDT techniques plus QA/QC methods. 
Graduates are available every three- 
weeks along with thousands of alumni 
who contact TWS. *ACCSC 

TULSA 
'WELDING 

'SCHOOL 
• A Smart Imcstmcnt" 

Tulsa, OK 
Alan Curler, Graduate Employment 

(918) 587-6789 
Email: acurler@twsweld.com 

Jacksonville, FL 
Sharice Reaves, Graduate Employment 

(904) 646-9353 
sreaves@twsweld.com 

Tyler Junior College 
Tyler Junior College is a comprehensive 
community college in Tyler, Texas that 
enrolls approximately 12,000 credit 
students annually. Its one-year certifi- 
cate and two-year associate degree 
pathways in welding technology prepare 
students for entry-level code welding for 
industry. Training is provided in SMAW, 
GMAW, FCAW, GTAW and pipe 
welding. In addition, the welding 
program follows the AWS SENSE 
entry level guidelines for welder 
training. Many TJC welding graduates 
secure a great job before graduation. 
Let us help you prepare for a rewarding 
career in a high-demand field. Call 
1-800-687-5680 or visit our website. All 
of our full-time instructors are AWS 
Certified Welding Educators. 

TYLER 
JUNIOR 
COLLEGE 

P.O. Box 9020 
Tyler, TX 75711 
(903) 510-2390 

or (800) 687-5680 
www.tjc.edu 

University of Alaska 
Southeast 

Ketohlkan Campus 

The University of Alaska Southeast 
Ketchikan is the leading post-secondary 
welding program in the region. Located 
in the heart of the Tongass National 
Forest and Alaska's Inside Passage, the 
intensive 9-month program prepares 
students for AWS certification in a 
state-of-the-art weld shop. Students 
train in multiple processes including 
SMAW, GMAW and FCAW with 
an emphasis on understanding and 
building welding skills throughout train- 
ing. Weld instructor is an AWS CWI with 
25+ years of production experience. 

UNIVF.RMTY OF AIASKA 
SOUTHEAST 

Welder Training and 
Testing Institute 

Founded in 1968 

WTTI maintains a freestanding campus 
in Pennsylvania housing a weld lab 
equipped with sixty-five work stations. 
Training is provided in all major 
welding processes. Classrooms are 
fully equipped to support lessons in 
theory, blueprint-reading, and fitting. 
Specialized on-site training is available 
to industry with the option of a 10 
station multi-process mobile welding 
lab. WTTI also offers CWI and NDT 
training and certification, as well as, 
welder certification through our AWS 
Accredited Test Facility. 

u«s 
Uarn Jutrigr ■ NMP 

2600 Seventh Avenue 
Ketchikan, Alaska 99901 

Steve Brandow 
(907) 228-4534 

steven.brandow@uas.alaska.edu 

729 E. Highland Street 
Allentown, PA 18109 

(800)223-Wm 
info@wtti.edu 

Washtenaw 
Community College 

Founded 1965 

Washtenaw Community College has 
been a leader of welding technology for 
decades. The program grants a 
welding certificate, advanced welding 
mechanics certificate and an associate's 
in applied science. It is the most 
popular site for the AWS accredited 
testing facility in Michigan. Training 
areas include GMAW, FCAW, GTAW, 
SMAW, OAW, OFC, PAC on plate 
and pipe. WCC has more welding 
Skills USA gold medal winners than any 
other school. 

^Washtenaw 
^^ Community (oil- 

4800 E. Huron River Dr. 
Ann Arbor, MI 48105 

(734) 973-3443 
Coley McLean 

camclean@wccnet.edu 
www.wccnet.edu 

Western Area Career & 
Technology Center 

Founded 1972, 

Western Area Career & Technology 
Center is a certificate granting institu- 
tion offering secondary and adult 
industry training programs and services. 
Courses include instruction on SMAW, 
FCAW, GMAW, GTAW in the IF to 4F 
and 1G to 6G positions and oxyfuel, 
carbon arc and plasma cutting. 
Students have the opportunity to 
take AWS certification tests. Courses 
can be customized for any employers 
needs. We produce highly-skilled, work- 
ready graduates. 

WACTC 
Vtrtlrni Am Carrcr A Itcknolog* C 

688 Western Avenue 
Canonsburg, PA 15317 
(724) 746-2890, Ext. 182 

tangert@wactc.net 
www.wactc.net 

WELDING JOURNAL 



SCHOOL PROFILES APR,L2OII 
Savannah Technical College Polaris Career Center 

York County 
School of Technology 

York County School of Technology, 
located in York, Pennsylvania, offers 
28 technical programs and rigorous 
comprehensive academic education for 
1500 students in grades 9 thru 12. 
Welding and Metal Fabrication high- 
lights include: 100 student enrollment 
and 2 full-time career educators. 
Cooperative education is available to 
seniors. 100% NOCTI pass rate, 
AWS SENSE approved. Local AWS 
Student Chapter with local Advisory 
Committee support. Pictures available 
at www.ycstech.org Welding/Metal Fab- 
rication. Email: byarrison@ycstech.org. 

Savannah Technical College, a unit of the 
Technical College System of Georgia, is 
a leading provider of market-driven, 
technical education, serving 5,700 
students each quarter. The college has 
125 students enrolled in welding classes 
and an active AWS Student Chapter. 
Savannah Tech offers diploma and 
certificates in Welding and Joining 
Technology including Flat Shielded 
Metal Arc Welding, Gas Metal Arc 
Welding and Gas Tungsten Arc Welding. 
Students who complete the diploma are 
eligible for X-ray certification. 

2179 S. Queen St. 
York, PA 17402 
(717) 741-0820 

JPARKS@ycstech.org 
www.ycstech.org 

Idaho State University 
Idaho State University College of 
Technology features a wide spectrum of 
petrochemical and power-generation 
welding instruction. The focus of the 
program is full penetration pipe 
welding using ASME codes as criteria. 
Uphill and downhill applications of 
SMAW, GTAW carbon and stainless 
pipe; as well as orbital pipe welding are 
taught. Our approach to training is 
"hands-on over the shoulder" to 
prepare the students for maximum 
opportunities in industry. Related 
subjects include metallurgy, trade math, 
pipefitting, blueprint reading, mechani- 
cal drawing, and metal layout. 

Idaho State 
UNIVERSITY 

College of Technology 
Randy Humpherys 

humprand@isu.edu, 208-282-4473 
Lucas Bloxham 

bloxluca@isu.edu, 208-282-3500 
David Erickson 

ericdav2@isu.edu, 208-282-3500 

^ 

Polaris Career Center offers welding 
training in Middleburg Heights, Ohio. 
Earn AWS certification in SMAW and 
GTAW welding. Welding certification 
through NCCER is also available. The 
600-hour course is designed to give 
the students theory and practical 
application related to Oxyfuel welding 
and brazing, GTAW, GMAW, and 
FCAW Course topics include Open-V- 
groove welds, pipe welds, and vertical 
welding. The adult education program 
is offered in the evening allowing 
students to work during the day. 

SAVANNAH 
TirMsirM Ox I re* 

Bill Burns, Department Head 
wburns@savannahtech.edu 

(912) 443. 5863 
www.savannahtech.edu 

El Camlno College 
Founded 1947 

The El Camino College Welding 
Department strives to meet diverse 
student needs by providing quality 
instruction in morning, afternoon, and 
evening classes. Introductory through 
advanced courses are available in oxy- 
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Filler Metal Influence on Weld Metal 
Structure of Microalloyed Steel 

The impact of changes in filler metal chemical composition and heat input on 
microstructure and mechanical properties during welding 

X65 steel was evaluated 

BY N. BAJIC, V. SIJACKI-ZERAVCIC, B. BOBIC, D. CIKARA, AND M. ARSIC 

ABSTRACT 

This paper investigates the impact of the chemical composition of the filler metal and 
welding parameters on the structure of weld metal and the heat-affected zone (HAZ) of 
microalloyed steel of increased strength, class Nb/V, mark X65 (according to API 5L 
standard). Experimental welding of steel strip samples (thicknesses of 9.5,11.0, and 14.5 
mm) was performed by shielded metal arc welding (SMAW), with different welding pa- 
rameters, using two filler metals of different chemical compositions. Based on the analy- 
sis of the structure of the weld metal and the HAZ, the proportion of individual 
microconstituents was determined in order to select the optimal composition of the filler 
metal and welding parameters. It was shown that filler metal marked NM1 (1.4% Ni, 
0.35% Mo) achieved the optimal microstructure (AF, SF, FS), which was confirmed by 
testing fracture toughness at low temperatures. It was also shown that finer microstruc- 
ture in the HAZ area could be achieved at low heat input. 

Introduction 

The main feature of microalloyed high- 
strength steel for Class-X tube is a fine- 
grained ferrite-pearlite structure obtained 
by thermal-mechanical processing. This 
structure favorably affects the flow stress 
and toughness of steel. The basic microal- 
loying element in fine-grained microal- 
loyed steels is niobium in combination 
with vanadium and titanium (Nb/V, Nb/Ti, 
and Nb/V/ Ti) (Refs. 1-3). 

Weldability of steels depends on the 
base metal and filler metal, as well as the 
conditions in which the welded construc- 
tion was made and the quality of con- 

N. BAJIC (ihis@eunet.rs) and B. BOBIC 
are with IHIS Research and Development 
Center, Belgrade, Serbia. V SIJACKI-ZER- 
AVCIC is Faculty of Mechanical Engineer- 
ing, Belgrade, Serbia. D. CIKARA is Faculty 
of Technical Sciences, Kosovska Mitrovica, 
Serbia. M. ARSIC is with Institute for Test- 
ing of Materials, Belgrade, Serbia. 

struction. Of all the factors, the base metal 
has the greatest impact. Mechanical and 
technological properties of welded joints 
are directly dependent on the chemical 
composition (base metal and weld metal) 
and the structure of the weld metal and 
the heat-affected zone (HAZ) (Ref. 3). 

The microstructure of the weld metal 
in joints of fine-grained steel consists of 
three basic modifications of ferrite: needle 
ferrite (acicular ferrite, AF), polygonal 
ferrite (primary ferrite, PF), and Wid- 
manstatten ferrite (WF). These modifica- 
tions occur due to different mechanisms of 
transformation and differently influence 

KEYWORDS 

Ferrous Metals 
Steel Alloys 
Welding 
Microstructure 

the values of strength and toughness of 
welded joints. Fine needle ferrite grains 
are mutually separated by boundaries with 
high-carbon content. This structure pro- 
vides maximum resistance to crack devel- 
opment (Refs. 3-5). Depending on the 
thermal cycle of welding and the chemical 
composition of the weld metal in the high- 
temperature field, different morphologi- 
cal modifications of ferrite (primary, 
lamellar-plate, and needle-acicular) occur. 
High strength and plasticity in the weld 
metal of microalloyed steel is achieved by 
alloying the weld metal with various 
elements. 

The chemical composition of the weld 
metal is characterized by significantly 
higher content of oxygen in relation to the 
chemical composition of steel (Ref. 3). 
Oxygen influences the transformation of 
austenite in the weld metal only if it is 
present in the form of oxide and oxide- 
sulfide inclusions. With increasing con- 
centration of oxygen, the bainite in the mi- 
crostructure of the weld metal is replaced 
by acicular ferrite. If the weld metal has 
less oxygen in it (which implies a smaller 
number of inclusions), the length-width 
ratio of the needles of acicular ferrite in- 
creases, which causes a decrease in tough- 
ness of weld metal (Ref. 3). 

In the process of welding, the speed of 
metal cooling in the stage of crystallization 
is determined by the operating power of 
the welding machine. It was shown (Refs. 
1-5) that during welding with low-alloyed 
weld metal, greater operating power af- 
fected the formation of polygonal ferrite 
within the primary austenite grains. The 
increase of cooling speed leads primarily 
to the formation of needle ferrite in the 
structure. 

The structure of the HAZ depends on 
the properties of the base metal, welding 
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/7g. i — Variation in Charpy impact energy de- 
pending on temperature for different thicknesses 
ofX65 steel strip: D, tg = 9.5 mm; E, tj = 11.0 
mm; F, t2 = 14.5 mm. 

heat input, and the cooling speed (Refs. 
1-5). The width of the HAZ depends on 
the welding parameters (current intensity, 
voltage, and welding speed) that are spe- 
cific to heat input. To select the optimal 
parameters for welding, it is necessary to 
monitor the transformation of austenite 
under the influence of the welding thermal 
cycle, using the CCT diagram (Ref. 6). 

The main criteria for the selection of a 
filler metal are yield stress, tensile 
strength, and toughness of the weld 
metal. Microalloyed steels of increased 
strength are sensitive to formation of 
cracks, and it is necessary that the filler 
metal, in addition to containing elements 
that improve the properties of the weld 
metal, contains elements that increase 
the resistance to the formation of cracks. 
Elements that are most commonly used 
for alloying weld metal are Mn, Cr, Ni, 
and Mo (Refs. 7-12). 

The main objective of this study was to 
assess the impact of changes in chemical 
composition of the filler metal and the 
level of heat input during welding mi- 
croalloyed steel X65 on the improvement 
of microstructural and mechanical prop- 
erties of welded joints, especially the 
toughness at low temperatures. 

Experimental Procedure 

Materials: Base and Filler Metals 

Base metal.  Hot-rolled strips of mi- 

croalloyed steel quality Nb/V mark X65 
(according to API-5L) produced in Smed- 
erevo plant were chosen for experimental 
research. 

Samples of steel strips were of differ- 
ent thicknesses and were obtained from 
three batches of microalloyed steel and 
marked D, E, and F. The chemical com- 
positions of the microalloyed X65 steel 
from different batches and different 
thicknesses of steel strips (D, IQ = 9.5 
mm; E, tj = 11.0 mm; F, \.2 = 14.5 mm) 
are given in Table 1. 

The results of testing the mechanical 
properties of the X65 steel strip samples 
and the calculated values of carbon equiv- 
alent (Ceq) are given in Table 2. 

Samples for mechanical testing were 
taken perpendicular to the direction of 
rolling, and the results are expressed as the 
mean of three tests. Carbon equivalent 
values are calculated according to the for- 
mula C = C + Mn / 6 + (Cr + Mo + V) 
/ 5 + (Ni + Cu) / 15) (Ref. 5). 

Impact values for toughness of the base 
metal (X65 steel) at different test temper- 
atures are given in Fig. 1. 

Filler metal. For experimental welding 
using the shielded metal arc welding 
(SMAW) process, coated electrodes in- 
tended for welding microalloyed steels 
were chosen with different chemical com- 
positions. Basic electrodes E8018-C1 
(standard AWS A5.5-69) were selected 
and marked NM1 (alloyed with Ni and 
Mo), and NI (alloyed with Ni). Marks of 
the mentioned electrodes and their size as 
well as chemical composition and me- 
chanical properties of the weld metal ac- 
cording to the producers catalog are given 
in Table 3. 

Experimental Welding 

Preparation of Samples and Welding 

Samples for experimental welding were 
cut from hot-rolled steel strips, so that the 
longer sample side-plate was in the direc- 
tion of rolling, and then machine finishing 
of the sample edges was done. 

Dimensions of samples were 300 x 125 
x t mm, where t denotes the sample thick- 
ness. During welding the following pa- 
rameters were varied: thickness of steel 

strip, t0 = 9.5 mm, tj = 11.0 mm, t2 = 14.5 
mm; content of nickel in the electrode, 
NM1 contains 1.4% while NI contains 
1.10%; content of molybdenum in the 
NM1 electrode was 0.35%; heat input was 
varied on two levels for each steel strip 
thickness as follows: Ej = 7.3 kJ/cm and 
E2 = 18.5 kJ/cm. 

Experimental welding of samples in 
horizontal position was performed contin- 
uously by SMAW with LKA-250 device 
using the welding parameters listed in 
Table 4. The interpass temperature during 
welding was controlled by contact ther- 
mometer. Experimental welding was per- 
formed without preheating the base metal 
because the calculated values for Ceq for 
all qualities of microalloyed X65 were 
below the borderline allowance. The num- 
ber of weld passes for the experimental 
plates ranged from 5 to 10, and depended 
on the following factors: the diameter of 
the electrode, energy parameters, and 
planned heat input. 

Microstructural Analysis of the Weld Metal 

Microstructure of the weld metal (ob- 
tained with different filler metals and 
welding parameters) was compared with 
the expected microstructure that would be 
obtained according to CCT diagrams for 
different cooling speeds (Ref. 6). Investi- 
gations of the microstructure were per- 
formed by optical microscopy (OM) and 
scanning electron microscopy (SEM). 

Microphotographs of characteristic 
places in the structure of the weld metal are 
given in Fig. 2A-F. The presence of differ- 
ent morphological forms of ferrite was no- 
ticed in the weld metal of all the welded 
joints. Acicular ferrite (AF), ferrite with a 
secondary phase (FS), and Widmanstatten 
ferrite (WF) were mostly found. 

The microstructure of the weld metal 
(using electrode NI on X65 steel strips) at 
low heat input consisted mainly of AF. For 
the smallest thickness of the steel strip 
(D), the AF was ~ 50%. With increasing 
thickness (E and F), the AF was lower 
(~ 35%), while the rest consisted of 
proeutectoid ferrite (PF) and secondary 
ferrite (FS) separated at grain boundaries 
— Fig. 2A, C, E. The expected effects of 
the nickel influence in forming needle fer- 
rite were realized. 

Table 1 — Chemical Composition of Microalloyed Steel X65 

Steel Designation Chemica Composition '(wt-%) 
Grade C Si Mn P S Al Cu Nb V N2 

Nb/V D 0.066          0.179 1.440 0.013 0.006 0.031 0.068 0.039 0.066 0.0099 
E 0.067          0.201 1.490 0.013 0.007 0.028 0.080 0.039 0.065 0.0099 

X65 F 0.076          0.231 1.511 0.013 0.004 0.019 0.034 0.037 0.067 0.0103 

*Fe is remainder. 
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In the weld metal microstructure of 
electrode NM1, about 35% AF was found 
in the strip of smallest thickness (D). The 
amount of AF increases with increasing 
thickness of strips (E and F) and reaches 
~ 50%, while the rest consists of FS + SF 
— Fig. 2B, D, F The expected effects of 
nickel in forming needle ferrite in the weld 
metal were realized, as well as the effect 
of molybdenum on the optimal relations 
of structural components. 

The obtained results concerning the 
share of certain microconstituents were 
compared with the expected shares ac- 
cording to the appropriate CCT diagram. 
It was concluded that for all the examined 
samples, satisfactory microstructure was 
obtained in terms of content of microcon- 
stituents (results obtained within the limit 
values). Some deviation was obvious for 
the sample thickness D welded by elec- 
trode NM1 (Table 5). 

*    :    D 

  

Microstructural Analysis of the HAZ 

The microstructure of the base metal 
(steel X65) was fine-grained ferrite- 
pearlite — Fig. 3A-C. The appearance of 
the microstructure of the HAZ in the re- 
crystallization zone at the weld interface is 
shown in Fig. 4A-I. The structure of pre- 
transformed pearlite in the HAZ in the 
low-temperature zone (Aj to A3, accord- 
ing to the Fe-C diagram) depends on the 
starting structure, which differs in grain 
size — Fig. 4A-C. The appearance of the 
HAZ structure in the overheated zone at 
the weld interface are seen in Fig. 4D-I. 

An analysis of the HAZ structure of 
the welded joints of X65 steel (quality E) 
along the interface of the base metal to the 
weld metal was performed, using SEM. 
The changes in the structure of the HAZ 
are shown in Fig. 5. A fine-grained ferrite- 
pearlite structure with small carbides dis- 
tributed along the grain boundaries is 
shown in Fig. 5A, and in Fig. 5B, the struc- 
ture in the recrystallization zone (below 
Aj), which is finer in relation to the struc- 
ture of the base metal, is shown. In the 
precrystallization zone (Fig. 5C), the grain 
size is nonhomogenous. Untransformed 
ferrite grains are larger than in the previ- 
ously observed structure, but the share of 
pearlite-ferrite structure, which occurred 
due to austenite transformation, is signifi- 
cantly smaller. 
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Fig. 2 — Microstructure of weld metal in the last pass. Welding of microalloyed steel X65 strips of differ- 
ent thicknesses (D, E, F) derived by SMAWprocess with electrodes Nl and NM1. o 

The appearance of the ferrite-bainite 
structure formed from the transformation 
in the area immediately above the A3 
temperature (normalization zone) is 
shown in Fig. 5D. In the overheated zone 
(Fig. 5E), a coarse ferrite-bainite structure 

occurred. Size, shape, and layout of the 
carbides along the boundaries of former 
austenite grains can be seen. The appear- 
ance of the structure at the weld interface 
is shown in Fig. 5F. 

Table 2 — VIechanical Properties of Microalloyed Steel X65 and Carbon Equivalent Ceq 

Steel Designation Thickness, 0.2 YS, UTS,                          E5, Carbon 
Grade mm MPa MPa   0.2 YS/UTS   % Equivalent 

CeQ 

Nb/V D 9.5 531 619          0.85            35 0.310 
E 11.0 537 635          0.84            35 0.320 

X65 F 14.5 456 568          0.80           41 0.330 

Table 3 — Basic Mark of Electrodes and Characteristics of the Weld Metal 

Chemical Composition of Weld Metal (wt-%)      Mechanical Properties of Weld Metal 

Designation Diam. 0.2 YS, UTS, E5. kV,J 
mm C Si Mn Ni Mo MPa MPa % Ho°c) 

NM1 4.0 0.06 0.40 0.90 1.40 0.35 >520 640-710 >22 >125 
Nl 3.25 0.06 0.5 0.90 1.10 — >460 570-650 >22 >47 
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Fig. 3 — Microstmcture of base metal (microalloyed steel X65) for different thicknesses of strip: D, tg = 9.5 mm; E, tj = 11.0 mm; F, ^ = 14.5 mm. 
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Fractographic Analysis of the Weld Metal 
Fracture 

After testing fracture toughness of the 
weld metal at temperatures of +20°, -40° 
and -60oC, fractographic analyses of the 
samples were carried out. Welded joints 
were made by using electrode Nl or NM1. 
The appearance of fracture surface of the 
weld metal made by using electrode Nl on 
microalloyed steel X65 (quality E) is 
shown in Fig. 6A-F. 

The surface of all tested samples indi- 
cated the presence of a mixed or typical 
brittle fracture depending on the test tem- 
perature. The weld metal fracture of 
mixed character was also obtained when 
testing at -40oC — Fig. 6C, D. Morpho- 
logical characteristics correspond to the 
dominant transcrystal brittle fracture that 
formed by tearing, with a ductile phase 
around the grains. General appearance of 
the fracture in the zone that is at the root 
of the weld metal is shown in Fig. 6C, 
while the presence of pores and mi- 
crofractures in the zone of the weld metal 
face can be observed in Fig. 6D. 

The morphological appearance of the 
characteristic fracture surface of weld 
metal obtained at -60oC, is shown in Fig. 
6E, F In this case, the fracture is com- 
pletely of a brittle character (transcrystal 
and intercrystal). General appearance of 
the fracture in the middle of the weld 

metal, which is typically brittle (transcrys- 
tal and intercrystal), is shown in Fig. 6E. 
The transcrystal brittle fracture with mi- 
crospaces (pores) in the weld metal is pre- 
sented in Fig. 6F. Figure 7A-F shows the 
appearance of the fracture surface of the 
weld metal made with electrode NM1 on 
X65 steel (quality E, tj = 11.0 mm). 

Figure 7B shows the appearance of 
ductile fracture in the middle of the tube 
(middle of the weld metal). Elongation of 
dimples in the direction of deformation 
and partial filling of the dimples with car- 
bide and other particles was noticed. 

In the welded joint sample that was 
broken at ^K)0C, the fracture surface has a 
typical appearance of a brittle fracture of 
transcrystal and intercrystal character. 
Also, the fracture surface in the middle of 
the weld metal tested at ^K)0C shows brit- 
tle fracture of transcrystal and intercrystal 
character — Fig. 7C. Figure 7D shows 
brittle fracture caused by tearing. 

Figure 7E, F shows the fracture surface 
along the height of weld metal of the sam- 
ple that was tested at -60oC. The analyzed 
sample showed brittle fracture caused by 
tearing — Fig. 7E. Figure 7F shows gen- 
eral appearance of a brittle fracture in the 
middle of the weld metal. 

The results of fractographic analysis of 
weld metal (using electrode Nl) showed 
that the fracture was mixed (Fig. 6A, B), 
while in the weld metal (when using elec- 

Table 4 — Welding Parameters of Microalloyed Steel X65 Samples 

Base Metal 

Steel        Designation   Thickness, 
Grade mm 

D 

Nb/V 

X65 

9.5 

11.0 

14.5 

Filler Metal No. of Energy Parameters _ 
E 

0 u, I, V, kJ/cm 
esignation mm passes V A cm/min 

Nl 3.25 6 25 120 17.2 16.8 
Nl 

NM1 
3.25 
4.0 

9 
5 

25 
25 

115 
135 

24 
16 

6.8 
12.3 

Nl 3.25 9 27 125 26 9.2 
Nl 3.25 9 25 118 25 7.3 

NM1 4.0 5 25 140 15 13.7 

Nl 3.25 10 25 125 18 10.8 
Nl 3.25 4 25 118 19 9.1 

NM1 4.0 7 25 150 17 16.6 

trode NM1), the fracture was ductile on 
the entire cross section — Fig. 7A, B. The 
results were obtained at 20oC. The share 
of brittle fracture in the weld metal when 
lowering the temperature significantly in- 
creases and at ^10oC a transcrystal fracture 
was observed — Fig. 6C, D and 7C, D. 
In both groups of samples tested at -60oC, 
brittle fracture of transcrystal and inter- 
crystal character was clearly observed — 
Figs. 6E, F and 7E, F Fractographic 
analysis has also shown that a more favor- 
able weld metal structure was achieved 
when using electrode NM1 (1.4% Ni, 
0.35% Mo) in relation to the weld metal 
structure when using electrode Nl (1.0% 
Ni) at all test temperatures. 

Mechanical Properties of Welded Joints 

Tensile strength. Results of tensile 
strength tests of base metal of various 
thicknesses are given in Fig. 8A, and the 
results of tensile strength of welded joints 
are clearly given in Fig. 8B. Tensile 
strength testing was performed on three 
samples for each thickness of the steel 
strip. It was noted that the location of frac- 
ture of specimens depended on the thick- 
ness of the base metal, as follows: at 
thickness t = 9.5 mm, the fracture occured 
in the base metal; at thickness t = 11 mm, 
the fracture occured in the weld metal; at 
thickness t = 14.5 mm the fracture occ- 
cured in the HAZ regardless of the type of 
filler metal, the number of passes, and the 
level of heat input during welding. 

Hardness. A change of hardness in 
welded joints depends on the chemical 
composition of filler metals, welding pa- 
rameters, and number of passes. In sam- 
ples of welded joints, hardness 
measurements were performed in the 
cross section along the line that runs 2 mm 
parallel to the weld metal face (Lj), and 
along the middle of the height of the weld 
metal (Ls). For certain qualities of base 
metal and filler metal, change in hardness 
curves through the welded joint were con- 
structed. Measuring points are shown on 
the sketch in Fig. 9A-C. A somewhat 
larger decline of hardness in the HAZ and 
a larger increase in hardness in the weld 
metal (in line Lj) in relation to the meas- 
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Fig. 4 — Microstructure of HAZ of welded joints of microalloyed steel X65 of different quality (D, E, F). A, B, and C recrystallization and precrystallization 
zone: A —D, Ej = 12.3 kJ/cm; B— E, E2 = 3.7kJ/cm; C— F, Ej = 16.6kJlcm. D-Iweld interface: D — D, Ej = 6.8kJ/cm, Nl; E— E, E2 = 9.2 kJ/cm, 
Nl; F — F,E3 = 10.8 Id/cm, Nl; G — D,E1= 12.3 Id/cm, NM1;H—E,E2 = 13.7Id/cm, NM1; I — F,E3 = 16.6 Id/cm, NM1. 
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uring points that are in the middle of the 
height of the weld metal (Ls) was ob- 
served. In samples of welded joints in steel 
F, a lower hardness was observed in the 
HAZ and the weld metal compared to 
steels D and E. It was also noticed that an 
increased number of passes had an impact 
on the reduction of hardness in the weld 
metal (Ls). 

Toughness. The impact test was carried 
out using the standard Charpy pendulum. 
The results obtained depending on test 

temperature are given in Fig. 10A-C. A 
change of toughness in the weld metal 
from electrodes Nl and NM1 in steel D, 
with different levels of heat input is shown 
in Fig. 10A. Some improvement of tough- 
ness was noted at lower temperatures in 
weld metal from electrode NM1. 

Discussion of Results 

The results of microstructural exami- 
nations and fractographic analyses of weld 

metal and HAZ of welded joints in steel 
X65 have shown the impact of filler metals 
(Nl and NM1) and welding parameters on 
improving the structure of the weld metal 
and HAZ. The microstructure of steel 
X65 is a homogeneous ferrite-pearlite one 
and strip-like directed toward the rolling 
direction — Fig. 3A-C. For steel strip 
thickness of 9.5 mm, the grain size is 11; 
for thickness of 11.0 mm, the grain size is 
9.5; and for thickness of 14.5 mm, the 
grain size is 9. It can be seen that steel strip 

UJ 
5 

Table 5 — Share of Certain Ferrite Morphologies in Microalloyed Steel X65 

Base Metal D(t0 = 9.5 mm) £(!! = 11.0 mm) F (t2 = 14.5 mm) 

Filler Metal Nl NM1 Nl NM1 Nl NM1 

Line Energy E1=6.8kJ/cm £3=16.8 kJ/cm E2=9.2kJ/cm E3 = 13.7 kJ/cm Ej =9.1 kJ/cm E3 + 16.6kJ/cm 

-50% AF -35%AF -36%AF ~50%AF ~35%AF ~50%AF 
remainder PF coarse WF Rest Rest Rest Rest 

Microstructure partially and PF+FS and PF+FS and a very coarse PF+FS+WF 
ofWeld Metal coarse grain in 

blocks and FS 
coarse grain 

PF+FS 
coarse WS small amount 

ofWF 
PFWF 

20-48%AF 5-75%AF 20^18% AF 50-75% AF 20-48% AF 50-75% AF 
Microstructure Rest Rest Rest Rest Rest Rest 
CCT diagram FS PF+FS+WF PF+FS+WF PF+FS+WF PF+WF PF+FS+WF 
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Fig. 5 — SEM, microstmcture of HAZ of welded joint of microalloyed steel X65 (quality E, tj = 11.0 mm). A — Base metal (ferrite + pearlite); B — normal- 
ization zone; C — overheating zone; D —fine-grain zone (ferrite + pearlite); E — overheating zone; F — weld interface (column-like crystals). 

Fig. 6 — SEM, fracture surface of weld metal made by using electrode Nl on microalloyed steel X65 (quality E, tj = 11.0 mm). A —Mixed fracture with dom- 
Iinant transcrystal brittle fracture (+20oC); B — ductile fracture with small cavities containing particles of sediment (+20oC); C — transcrystal brittle fracture 

in the middle of the weld metal (-40°C); D — mixed fracture mainly transcrystal (-40°C); E — brittle fracture of transcrystal and intercrystal character (in the 
middle of the weld metal) (-SO^C)^ — transcrystal brittle fracture with the presence of micro openings (in the middle of the weld metal) (-60" C). 

of a minimal thickness (9.5 mm) has the 
finest structure and a satisfactory homo- 
geneity in the cross sections of samples. 
The appearance of weld metal mi- 
crostmcture at characteristic places in the 
welded joints can be seen in Fig. 1A-F. 
The presence of different morphological 
forms of ferrite was noticed in the weld 
metal structure of all samples. Mostly 
present were acicular ferrite (AF), ferrite 
with a secondary phase (FS), and Wid- 
manstatten ferrite (WF). 

For the samples welded with electrode 
Nl and with low heat input, the weld metal 
microstructure consisted of AF, in 
amounts to ~ 50% for the minimal thick- 
ness of steel strip. With the increase in and 
strip thickness, the share of AF was re- 
duced and to ~ 35%, while the rest of the 
structure consisted of PF and FS sepa- 
rated along grain boundaries — Fig. 1A, 
B. " 

In the weld metal samples welded with 
electrode NM1, approximately 35% of AF 

was found (for the minimal thickness of 
steel strip, tg = 9.5 mm). With an increase 
in strip thickness, the amount of AF in- 
creased and reached ~ 50%, while the rest 
consisted of FS + SF — Fig. 1C-F. 

By comparison of weld metal mi- 
crostructures of both groups of tested sam- 
ples with the expected microstructure, 
which would be derived from the appro- 
priate CCT diagram, it can be concluded 
that satisfactory compliance has been 
achieved in terms of microstructure. 
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Fig. 7— SEM, fracture surface of the weld metal made by using electrode NM1 on microalloyed steel X65 (quality E, tj = 11.0 mm). A, B — Ductile fracture 
(-20oC); C — brittle fracture of transcrystal and intercrystal character, (-40oC); D — brittle fracture caused by tearing (-4(fC); E — brittle fracture of trans 
crystal and intercrystal character in the middle of the weld metal, (—dtTC); F — brittle fracture in the middle of the weld metal (-dCPC). 

In the HAZ, changes in grain size were 
observed, as well as their growth toward 
the weld interface in the overheated zone 
where a coarse ferrite-bainite structure 
was formed with carbides arranged along 
boundaries of former austenite grains — 
Figs. 3-5. 

The results of fractographic analysis 
after tests performed at temperatures of 
+20°, -40°, and -60oC are given in Figs. 6 
and 7. Comparative analysis of these re- 
sults indicated a better quality of weld 
metal structure when using electrode NM1 
(1.4% Ni, 0.35% Mo) in relation to the 
weld metal structure when using electrode 
Nl (1.0 % Ni) at all test temperatures. The 
content of nickel and molybdenum in the 
filler metal, in addition to C and M, is sig- 
nificant for achieving the optimum ratio of 
structural components in the weld metal. 
Based on the analysis of measured values 
of tensile strength of the welded joints, it 
can be concluded that values are higher 
than the base metal (for steels D and E), 
and at the level of the base metal (for steel 
F) as shown in Fig. 8A and B. 

Analysis of the results of hardness test- 
ing showed that an increased number of 
passes had an impact on lowering weld 
metal hardness (as measured at the mid- 
dle of the height of the weld metal) — Fig. 
9A-C. Results of impact toughness testing 
of welded joints showed that higher tough- 
ness values at lower temperatures were 
achieved with electrode NM1 — Fig. 
10A-C. 

Conclusions 

Based on the experimental results ob- 
tained by examining the impact of filler 
metal quality and welding parameters on 
the structural change in the weld metal 
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and HAZ of microalloyed X65 steel, the 
following conclusions were made: 

1) Addition of Ni into the weld metal 
with the filler metal marked Nl (1.0% Ni) 
improved the formation of acicular ferrite, 
while the addition of Ni and Mo with the 
filler metal marked NM1 (1.4% Ni, 0.35% 
Mo) had an effect on achieving the opti- 
mum ratio of structural components (AF 
+ PF, FS). 

2) In the weld metal for electrode NM1 
(steel strip thickness X^ = 14.5 mm, heat 
input E2 = 16.8 kJ/cm, electrode NM1), 
the AF amount was over 50% in the last 
pass, and the rest consisted of PF and FS. 
The same proportion of AF was achieved 
in the weld metal when using electrode Nl 
(steel strip of minimum thickness l0 = 9.5 
mm and heat input Ej = 6.8 kJ/cm). 

3) Microstructural analysis of the 
HAZ of welded joints obtained with dif- 
ferent levels of heat input (Ej = 13.7 
kJ/cm and E2 = 16.5 kJ/cm) showed that 
the structure was finer with a lower level 
of heat input in the normalizing and over- 
heated zone. 

4) Fractographic analysis of the frac- 
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Fig. 8 — Tensile strength. A — Base metal, mi- 
croalloyed steel X65; B — welded joints: 
Wl (D-Nl/Ej = 6.8 kJIcm, 6passes) 
W2 (D-NI/E2 = 12.3 Id/cm, 9passes) 
W3 (D-NM1/E3 = 16.8 Id/cm, 5passes) 
W4 (E-Nl/Ej = 7.3 Id/cm, 9passes) 
W5 (E-N1/E2 = 9.2 Id/cm, 9passes) 
W6 (E-NM1/E3 = ISJkJIcm, Spasses) 
W7 (F-Nl/Ej = 9.1 kJ/cm, 10 passes) 
WS (F-NIIE2 = IG.SkJIcm, 4passes) 
W9 (F-NM1/E3 = 16.6 Id/cm, 7passes) 

ture surface of the weld metal obtained by 
using electrode NM1 at -l-20oC shows duc- 
tile fracture. On specimens tested at 
-40oC, a mixed fracture with a large share 
of transcrystal fracture was observed. At 
-60oC, a brittle fracture is evident of tran- 
scrystal and intercrystal character. 

5) In microalloyed X65 steel, the best 
quality of welded joints was achieved with 
electrode NM1 and a heat input of 13.7 to 
16.5 kJ/cm. 

6) The test results for mechanical prop- 
erties of welded joints confirmed the re- 
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fig. 9 — Change of hardness in the cross section of welded joints. A — Wl (D-Nl/Ej = 6.8 kJ/cm, 6 passes), W2 (D-NI/E2 = 12.3 Id/cm, 9 passes), W3 (D- 
NM1IE3 = 16.8kJ/cm, 5passes);B — W4 (E-Nl/Ej = 7.3Id/cm, 9passes), W5 (E-NI/E2 = 9.2kJ/cm, 9passes), W6 (E-NM1/E3 = 13.7kJ/cm, 5passes); 
C—W7(F-Nl/Ej = 9.1 kJ/cm, 10passes), W8 (F-N1/E2 = 10.8kJ/cm, 4passes), W9 (F-NM1/E3 = 16.6Id/cm, 7passes). 
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Fig. 10 — Impact toughness of weld metal depending on test temperature. A — D (Nl/Ej = 6.8 kJ/cm, NI/E2 = 12.3 kJ/cm i NM1/E3 = 16.8 kJ/cm); B — E 
(Nl/Ej = 7.3 Id/cm, NI/E2 = 9.2 Id/cm iNM1/E3 = 13.7Id/cm); C — F (Nl/Ej =9.1 kJ/cm, NI/E2 = 10.8 Id/cm i NM1/E3 = 16.6 Id/cm) 

suits of metallographic examinations. 
Welded joints with better characteristics 
were obtained with the electrode NM1. 
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A New Chromium-Free Welding Consumable 
for Joining Austenitic Stainless Steels 

A novel Ni-Cu-based consumable was developed to reduce Cr(VI) in 
the fume generated during welding of Type 304L stainless steel 

BY J. W. SOWARDS, D. LIANG, B. T. ALEXANDROV, G. S. FRANKEL, AND J. C. LIPPOLD 

ABSTRACT 

Federal legislation was enacted in 2006 reducing the permissible exposure limit (PEL) of workers, including welding-related per- 
sonnel, to Cr(VI) by an order of magnitude. Achieving the new level may not always be practical during fabrication or repair of stain- 
less components in tightly enclosed locations. Therefore, the current study was performed to evaluate the use of Ni-Cu-based weld- 
ing consumables to weld Type 304L stainless steel while achieving significant reductions of Cr(VI) bearing compounds in welding 
fume. Consumables were made in bare wire form for gas tungsten arc welding (GTAW) and in coated form for shielded metal arc 
welding (SMAW). During the development of these consumables, several generations were produced with each improving on the 
previous generation. Weldability was a primary focus during the development process because switching from a stainless steel weld- 
ing consumable to a Ni-based alloy could potentially exacerbate weldability issues such as solidification, liquation, and ductility dip 
cracking. Welds were deposited on Type 304L base metal with the consumables developed during the study and subjected to various 
tests to evaluate mechanical and corrosion behavior, resistance to weld cracking issues typical of Ni-based alloys, and fume genera- 
tion characteristics. Weld mechanical properties and weldability performance were similar in nature to other austenitic Ni-based 
alloys and stainless steels. By using the Ni-Cu based consumable to weld stainless steel, Cr(VI) in the welding fume was reduced by 
two orders of magnitude from conventional stainless steel welding electrodes. 

Introduction 

Environmental and occupational safety 
awareness is becoming increasingly impor- 
tant in today's workplace. This is impacting 
the welding industry because government 
standards are decreasing the allowable lev- 
els of certain elements and species present 
in welding fume (Ref. 1). Cr is typically 
found in stainless steel welding fume be- 
cause it is one of the major alloying addi- 
tions used in such consumables. Welding 
fume generated during stainless steel 
welding has been shown to contain com- 
pounds such as Cr03, Na2Cr04, and 
K2Cr04, which contain Cr in its hexavalent 
state, i.e., Cr(VI) (Refs. 2-4). Since at least 
the mid 1970s, United States government 
agencies such as the National Institute for 
Occupational Safety and Health (NIOSH) 
have labeled Cr(VI) compounds as sus- 
pected carcinogens (Ref. 5). Starting in 
1988, the Occupational Safety and Health 
Administration (OSHA) began to con- 
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Fontana Corrosion Center, The Ohio State Uni- 
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sider all Cr(VI) compounds as potential 
carcinogens (Ref. 6). Most recently in 
2006, OSHA released its latest ruling that 
drastically reduced the permissible expo- 
sure limit (PEL) of Cr(VI) compounds in 
the vicinity of welding personnel from 52 to 
5 (ig rtr3. This ruling is a result of their find- 
ings that workers are at an elevated risk of 
developing lung cancer and asthma, as well 
as nasal and skin damage due to Cr(VI) ex- 
posure. The exposure level for total weld- 
ing fume prior to 1989 was set at 5 mg nr3 

over an 8-h work day (Ref. 7). This limit 
was abandoned after 1989 and no longer 
became enforceable since the composition 
of welding fume was deemed to vary too 
widely, and because of possible interac- 
tions between various constituents in the 
fume. 

KEYWORDS 
Cr(VI) 
Ni-Cu 
Type 304L 
GTAW, 
SMAW 
Permissible Exposure Limit 
Generation I, II, III, and IV 
Consumables 

With regard to Cr(VI) fume control, in 
particular, several options have been sug- 
gested to remediate overexposure once it 
has been found that the PEL is exceeded 
(Ref. 8). The welding process may be 
changed from a process that uses alkali 
metals in the flux to a bare wire process. 
The presence of alkali metals can greatly 
increase Cr(VI) formation and have 
higher inherent fume generation rates. 
Changing shielding gasses or making 
welding parameter adjustments may also 
reduce fume generation rates. In addition 
to process modifications, some research 
has suggested compositional modifica- 
tions. Zn additions made to metal cored 
stainless steel wires showed that Zn pref- 
erentially reacts with available oxygen 
during fume formation, thus reducing the 
oxidation of chromium, but with increased 
fume generation rates (Ref. 9). The re- 
placement of potassium with lithium was 
also performed demonstrating the reduc- 
tion of Cr(VI) by reduction of potassium 
chromate, although it was unclear how 
these additions would affect weld sound- 
ness. A secondary gas mixture has been 
applied to interfere with the reaction be- 
tween ozone and chromium to prevent 
CrOj formation (Ref. 10). 

For situations where it is difficult to im- 
plement engineering controls, alternative 
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Fig. 1 — Ni-Cu welding consumable development chart showing nomenclature 
used to identify consumables for this study. 

approaches have been considered to min- 
imize welder exposure to Cr(VI). One 
such approach was to investigate the pos- 
sibility of using a filler metal that will pro- 
duce satisfactory welds on stainless steel 
while minimizing the generation of Cr(VI) 
to acceptable limits in the welding fume 
(Refs. 11-15). Such a filler metal would 
need to have good weldability, corrosion 
characteristics comparable to common 
stainless steel alloys (such as Type 304), 
and ultimately lack the element Cr to pre- 
vent formation of Cr(VI) compounds dur- 
ing fume formation. Previous research 
showed that use of a welding consumable 
based on the Ni-Cu (Monel®) system to 
join stainless steel exhibited suitable cor- 
rosion resistance (Refs. 11-14), as well as 
weld compatibility and acceptable me- 
chanical properties (Ref. 15). 

The Ni-Cu system was selected based 
on its galvanic compatibility with 
austenitic stainless steel in chloride envi- 
ronments, and noble alloying elements 

such as Pd were 
added to increase 
resistance to local- 
ized corrosion phe- 
nomena such as pit- 
ting and crevice 
corrosion. The op- 
timal composition 
to achieve ade- 
quate corrosion re- 
sistance was deter- 
mined to be 
Ni-(5-10) Cu-lPd 
(Ref. 12). Concen- 
trations of Cr in the 
welding fume were 
reduced by a factor 
of 20 during weld- 
ing of Type 304 
stainless steel with 

  Monel as a con- 
sumable (Ref. 15). 

Because the element Cr was not alloyed in 
the consumable, Cr present in the fume 
resulted only from vaporization of the 
base metal. The contribution to fume gen- 
eration from the base metal has been 
shown to produce fume at a rate four or- 
ders of magnitude lower than the consum- 
ables themselves (Ref. 2); thus, Cr reduc- 
tions in welding fume produced by a 
Cr-free consumable are expected to be 
significant. 

Previous studies have focused prima- 
rily on testing the feasibility of using Ni-Cu 
consumables during welding of Type 304L 
austenitic stainless steel (Refs. 11-15). 
The studies utilized the gas metal arc 
welding (GMAW) and gas tungsten arc 
welding (GTAW) processes to deposit 
welds for evaluation of mechanical prop- 
erties and corrosion resistance. Another 
target form of this welding consumable 
was for the shielded metal arc welding 
(SMAW) process because it is highly ver- 
satile, portable, and widely used. Also, 

stainless steel SMA welding generally has 
greater concentrations of Cr(VI) in the 
welding fume compared to bare wire 
processes (Refs. 2, 3). The current study 
reports on the development of a Ni-Cu- 
based consumable for the SMAW process 
as well as a bare wire consumable for the 
GTAW process. This study focused on 
evaluations of weldability throughout the 
development process to promote direct 
implementation of such a consumable. 
Weldability is defined by the American 
Welding Society as the capability of suc- 
cessfully fabricating a material by welding 
and the ability to have that material per- 
form satisfactorily once placed into service 
(Ref. 16). Based on this definition, the fol- 
lowing aspects of weldability were evalu- 
ated: mechanical behavior, corrosion re- 
sistance, weld cracking resistance, and 
fume generation rates and composition. 

Consumable Development 
Summary 

Welding consumables used in this 
study were developed in an iterative man- 
ner to achieve the optimum deposit com- 
position and minimize potentially harmful 
fabrication-related issues (Ref. 17). Two 
types of welding consumables were used 
during experimentation: a bare wire elec- 
trode deposited with the GTAW process 
and several different SMAW consum- 
ables. These are defined using a "Genera- 
tion" scheme based on the composition of 
the consumable. The generation classifi- 
cation is provided in Fig. 1, which includes 
the nominal composition and type of 
welding consumable. Directly outside of 
each box containing the different consum- 
ables of each generation are an abbrevia- 
tion for each consumable type, for exam- 
ple II-A, II-B, and III. These abbreviation 
names are used for the remainder of the 
document. To meet corrosion require- 
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Table 1 — Generation II SMAW Consumable Compositions (wt-%) Determined with Mass Spectrometry and Interstitial Analysis 

Consumables C Mn Si 

Ni-209 core wire 0.021 0.24 0.21 

Ni-Cu deposited 0.022 0.32 0.7 
weld metal 

Ni-Cu-Pd deposited 0.016 0.147 1.08 
weld metal 

Fe 

0.09 

0.08 

Cr 

0.01 

0.04 

0.001 

0.005 

0.003 

0.005 

Cu 

i.01 

4.94 

Ni Al Ti 

94.5 0.046 4.29 

89.07 0.07 1.56 

Pd 

bal 0.05 0.97 0.24 

Table 2 — Compositions (wt-%) of Wire Drawn from Castings Used for Generation III and IV Wire Consumables as Determined with Mass 
Spectrometry and Interstitial Analysis 

Consumables C 

Heatl 
(Generation III) 

0.014 

Heat 2 
(Generation IV) 

0.019 

<0.001 

o s 
0.0031        <0.001 

— < 0.002 

< 0.005 

< 0.002 

Si 

0.10 

Cu Ni Al Ti Ru 

.20 89.3 0.56 0.53 1.36 

.78 85.85 0.83 4.31 1.11 

Table 3 — Compositions (wt-%) of Base Metals Used for Weld Deposits 

Heat 
Cu Fe Mn 

BM1 304L (6.4 mm) 0.03 — bal 1.24 
9JA7 304L (6.4 mm) 0.02 — bal 1.76 
95L9 304L (9.5 mm) 0.01 0.41 bal 1.78 

Mo 

0.28 

Compositior (wt-%) 

Ni Cr Si N P S 

8.08 18.1 0.37 NA NA NA 
8.11 18.1 0.36 0.08 0.030 0.003 
8.36 18.3 0.29 0.1 0.030 0.003 

X o 
DC 
< 
LU 
(/) 
LU 
DC 

O 
ments as shown below, target composi- 
tions of the consumables were Ni-7.5Cu- 
IPd and Ni-7.5Cu-lRu with other alloying 
additions to improve weldability. 

The Generation I consumable was pro- 
duced in limited quantity to evaluate the 
corrosion behavior and mechanical prop- 
erties of the Ni-Cu-Pd target composition 
as reported elsewhere (Ref. 18). This con- 
sumable was used in conjunction with both 
the GTAW and GMAW processes to make 
high-quality welds. 

Generation II consumables were the 
first SMAW consumables developed. Cu 
and Pd powders were added to a flux coat- 
ing, which was extruded over Ni-200 and 
Ni-209 (Ni-209 provided better weld de- 
oxidation than Ni-200) core wire. Compo- 
sitions of the Ni-209 core wire, as well as 
Ni-Cu and Ni-Cu-Pd all-weld-metal de- 
posits are shown in Table 1. All-weld- 
metal deposits were obtained by making a 
single weld pass with the SMAW consum- 
ables on a copper chill block. 

Beginning with the Generation III con- 
sumables, additions of Cu and Ru were 
made directly to the core wire because 
transfer efficiency was determined to be 
insufficient to reach target levels in Gen- 
eration II welds (see Table 1). The noble 
element Ru was found to be an acceptable 
alternative to Pd from a corrosion stand- 
point and at reduced cost (Ref. 19). A cus- 
tom heat of filler metal material (target 

composition Ni-7.5Cu-lRu-0.5Al-0.5Ti- 
0.02C) was cast with a two-stage vacuum 
induction melting and electroslag remelt- 
ing (VIM/ESR) process to ensure alloy 
purity and homogeneity. The actual com- 
position of the Ni-Cu-Ru casting (Heat 1) 
is provided in Table 2. The casting was ex- 
truded into 3.2-mm- (0.125-in.-) and 1.1- 
mm- (0.045-in.) -diameter wires for use 
with SMAW and GTAW, respectively. The 
SMAW wires were coated with three dif- 
ferent batches of flux coatings. All of the 
coated consumables produced multipass 
welds that contained unacceptable levels 
of porosity. Surprisingly, single-pass weld- 
ing was successfully performed, and it is 
surmised that some elements in the Type 
304L base metal (probably Cr, Mn, and Si) 
aided in reducing porosity as they mixed 
with the molten weld pool during welding 
trials. Welds made with the bare wire 
GTAW process were free of porosity be- 
cause argon shielding gas was used. In the 
current work, when Generation III welds 
are mentioned with regard to corrosion 
and weldability testing, they were de- 
posited with the GTAW process (Genera- 
tion III-BW) because the SMAW deposits 
contained significant levels of porosity in 
multipass welds. Gas tungsten arc welds 
contained the nominal composition that 
was desired of the SMA welds; therefore, 
much of the weldability evaluation utilized 
GTAW deposits. It should be noted that 

the GTAW wire has potential use with the 
GMAW process; however, such an evalu- 
ation was beyond the scope of the current 
study and further work would be required 
to evaluate GMA weldability. 

A second heat of filler metal material 
(Generation IV) was produced containing 
increased Ti content (target composition 
of Ni-7.5Cu-lRu-0.5Al-4Ti-0.02C). The 
actual heat composition is shown in Table 
2. This ingot was reduced to 3.2-mm wire 
electrodes, which were coated with several 
iterations of flux coatings (designated 
11584,11595, and 11607) until satisfactory 
electrode operability was achieved as 
deemed by certified welders and staff who 
specialize in the development of flux- 
based consumables. 

Experimental Procedures 

Welding Procedures 

Shielded metal arc welds were pro- 
duced using 3.2-mm Generation II, III, 
and IV welding electrodes on 6.4- and 9.5- 
mm-thick Type 304L base metal (Table 3). 
Welding current was maintained in the 
range of 120-130 A, voltage between 
24—25 V in the DC electrode positive con- 
figuration, and travel speed at approxi- 
mately 2.5 mm s_1 for all welded samples 
produced with the SMAW consumables. 
During GTA welding with Generation III- 
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Fig. 3 — Representative across Generation II weld 
deposited on Type 304L stainless steel. A — Weld 
cross section; B — microhardness traverse. 
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Fig. 4 — Stress-strain curve of Generation IV- 
11607 all-weld-metal deposit on Type 304L. Also 
included are stress-strain curves of E308L weld 
metal with (FN 0) and without (FN 5.7) microfis- 
sures for comparison (Ref 29). 

BW consumable, the weld deposits were 
made with a current of 200 A, voltage of 
13.5 V, travel speed of 2.1 mm s_1, and wire 
feed speed of 25.4 mm s_1 under 100% 
argon shielding gas. Gas tungsten arc 
welding was performed on a sidebeam car- 
riage with automatic arc voltage control 
(set to 10% sensitivity) and a 300-A con- 
stant current power supply. 

Mechanical Testing 

Mechanical properties of welds were 
determined by tensile testing, guided bend 
testing, and Vickers microhardness tests. 

Fig. 5 — Bend test specimens that passed AWS guide bend testing requirements. 
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Fig. 6 — Summary of critical potentials of Generation II, III, and IV welds on Type 304L measured in 0.1 
M NaCl solution. Corrosion potential (Ecorr), breakdown potential (E^), and repassivation potential 
(Er„) are included. 

Transverse weld tensile and bend speci- 
mens were tested according to the 
ANSI/AWS B4.0 standard (Ref. 20). Ten- 
sile testing was performed using a 500-kN 
servohydraulic load frame. Displacement 
rate was maintained at 0.085 mm s_1 dur- 
ing testing. Guided bend testing was per- 
formed on die blocks with either a 12.7- or 
19.1-mm radius. Microhardness testing 
was performed with a diamond indenter at 
a load of 200 g and measurements were 
made on the Vickers scale. 

Metallurgical Evaluation 

Welds were sectioned for analysis with 
light optical microscopy (LOM) and scan- 
ning electron microscopy (SEM). Samples 
were mounted in conductive mount resin 
and then progressively ground with 240, 
600, and 800 grit SiC paper. Final polish- 
ing was accomplished using 3 and 1 [xm di- 
amond suspension followed by a vibratory 
polish in 0.02-[xm colloidal silica for 2 to 4 

h. Etching was performed by swabbing 
with Marble's Reagent (10 g CUSO4, 50 
mL HC1, 50 mL distilled H20) for 2 to 10 
s to achieve the desired effect. Light opti- 
cal microscopy images were acquired with 
an inverted metallograph and digital cam- 
era. Scanning electron microscopy was 
performed at accelerating voltages of 10 to 
30 kV. Semiquantitative chemical analyses 
were performed with energy-dispersive 
spectroscopy (EDS) using the ZAF cor- 
rection method. 

Corrosion Testing 

Electrochemical corrosion tests were 
conducted on samples sectioned from 
GTA and SMA welds. Cyclic polarization 
tests were performed in aerated 0.1 M 
NaCl solution using a potentiostat set at a 
scan rate of 10 mV min-1. A saturated 
calomel electrode (SCE) and a pure plat- 
inum mesh were used as reference and 
counter electrode, respectively. Air was 
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Table 4 — Mechanical Properties of Weld Deposits on Type 304L Stainless Steel 

Material Type 0.2% Proof Stress Tensile Strength Elongation (%) 
(MPa) (MPa) 

304L Minimum 170 480 40 
II-B — 597 — 
II-C — 531 — 
III-BW 279* 540 52* 
IV-11607 295* 618 48* 
E308L-XX — 520 min 35 min 

Reduction in Area (%) 

50 

54* 
44* 

Failure Location 

Weld metal 
Weld metal 
Weld metal 
Weld metal 

*Values obtained from all-weld-metal tensile tests. 

Table 5 — Summary of Guide Bend Test Results of Generation II, III, and IV Weld Deposits 

Consumable Sample Radius (mm) Approximate Outer 
Ligament Strain (%) 

II-B 1 19 13 
2 19 13 
3 12.7 18 
4 12.7 18 

II-C 1 12.7 18 
2 12.7 18 
3 12.7 18 
4 12.7 18 

III-BW 1 12.7 18 
2 12.7 18 
3 12.7 18 
4 12.7 18 

IV-11607 1 12.7 18 
2 12.7 18 
3 19 13 
4 19 13 

Comments 

Few small microcracks* 
No microcracks* 
No microcracks* 
No microcracks* 

Crack originating from weld defects 
Crack originating from weld defects 

No microcracks* 
No microcracks* 

No microcracks* 
< 10 microcracks 
No microcracks* 

1 microcrack* 

1 microcrack* 
< 10 microcracks 
No microcracks* 
No microcracks* 

LU 
DC 

O 
*Passes the requirements of AWS D1.6:1999/4.6.5. 

bubbled through the solution for aeration. 
Prior to initiating scans, the sample open 
circuit potential was allowed to stabilize 
for a period of 1-2 h. 

Slow strain rate testing (SSRT) was em- 
ployed to assess the susceptibility of the 
samples to stress corrosion cracking 
(SCC). Tensile specimens were made ac- 
cording to ASTM standard E8 (Ref. 21). 
For welded samples, the tensile specimens 
were fabricated transverse to the weld 
with the weld in the center of the gauge 
section. The surface of the tensile bar was 
polished to 1 \xm to prevent microcracks. 
Specimens were tested at a strain rate of 3 
x 10-7 s-1 both in air and in 25 wt-% NaCl 
solution at pH 1.5. After experiments, 
fracture surfaces were examined by SEM. 
All SSRT experiments were performed at 
ambient temperature. 

Weldabllity Testing 

GIeeble®-based weldability testing 
was performed on transverse weld de- 
posits to determine weld metal liquation 
cracking and ductility dip cracking (DDC) 

susceptibility using the hot ductility and 
strain-to-fracture (STF) tests, respec- 
tively. Hot ductility testing was performed 
using a sample free span of 25.4 mm and 
heating rate of 1110C s-1 (200oF s-1). On- 
cooling hot ductility tests were free cooled 
at a rate of approximately 30oC s_1 (540F 
s_1). Samples were tested in tension at a 
stroke rate of 50.8 mm s_1 at the desired 
test temperature for both on-heating and 
on-cooling tests. Area reduction was used 
as an indication of ductility and was calcu- 
lated based on measurements of initial 
and final cross section using calibrated 
precision calipers. Strain-to-fracture test- 
ing was performed by making an autoge- 
nous spot weld at the center of a dogbone 
specimen with weld metal deposited at the 
reduced cross section. The specimens 
were heated to the desired test tempera- 
ture and strained. Cracking was evaluated 
in the spot weld as a measure of DDC sus- 
ceptibility. Detailed STF testing proce- 
dures used in the current study are re- 
ported elsewhere (Ref. 22). 

Transvarestraint testing was performed 
on weld deposits made on Type 304L base 

metal with Generation II and III-BW con- 
sumables to evaluate solidification crack- 
ing susceptibility. Deposits were ma- 
chined flat and cleaned with acetone prior 
to performing the Varestraint test. Weld- 
ing parameters were set to 180 A, 10 
V (~2 mm arc length), at a travel speed of 
2.1 mm s_1. The total weld length was 50.4 
mm, and the welds were strained at a 
length of 38.1 mm and ram speed of 152.4 
mm s_1. The amount of augmented strain 
imparted into the samples was controlled 
by changing die blocks where an increase 
in strain was accomplished with smaller 
die block radii. Type C thermocouples 
were plunged along weld centerlines at the 
back of the weld pool to acquire time- 
temperature history on-cooling after the 
bending portion of testing. Time-temper- 
ature data were recorded with a data ac- 
quisition system at 4 kHz acquisition rate. 

Fume Analysis 

Fume generation rates (FOR) were 
measured using a bulk fume collection 
hood that was modified from an American 

UJ 
5 

WELDING JOURNAL 



B 
400 

Generation III 

350 

300 ^    \"\ 

r 
too 

(  -' 

/ 
•0 f 
0 

( 2 )          OOS        0.1        Oli        0 
S»am 
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Welding Society standard (Ref. 23). The 
modified system employed glass fiber 
(HEPA-type) filters during collection, 
which have more than 99.9% collection ef- 
ficiency of fume particle sizes greater than 
0.3 [im. Filters containing the collected 
fume were subject to phase identification 
with X-ray diffraction (XRD) and wet 
chemical analysis for determination of 
Cr(VI) concentration. Fume collection 
was performed in accordance to a proce- 
dure described in detail elsewhere (Ref. 
24). Fume was collected on 0.3-|xm glass 
fiber filters that were weighed before and 
after collection. Fume generation rates 
were determined by the mass increase on 
the filter divided by the welding time. Fil- 
ters were subject to XRD using step size 
of 0.03 deg (28 deg) and dwell time of 22 
to 25 s per step. Samples were submitted 
to an ISO certified testing lab for deter- 
mination of Cr(VI) with standardized vis- 
ible absorption spectrophotometric tech- 
niques. The Cr(VI) content was reported 
by the testing lab to an accuracy of 0.001 
wt-%. 

Results and Discussion 

Weld Microstructure 

Microstructural observation of de- 
posited weld metal made with Generation 
II, III-BW, and IV consumables on Type 
304L revealed a primary austenite 
(gamma fee) solidification structure with 
indications of secondary phases along so- 
lidification grain (SGB) and subgrain 
boundaries (SSGB). Secondary phases 
were extracted from the matrix of various 
weld deposits by electrolytic dissolution of 
weld metal in a 10% HCl-methanol solu- 
tion. Solutions were filtered through 0.2- 
[xm pore size filters to collect the extract. 
X-ray diffraction analysis of the secondary 
phase extract identified particles as tita- 
nium-carbonitrides, i.e., Ti(C,N). Regard- 
less of the amount of dilution by Type 

304L, all welds were fully austenitic as is 
consistent with predictions from weld con- 
stitution diagrams such as the Schaeffler 
Diagram (Ref. 25). The weld metal exhib- 
ited a columnar grain structure character- 
istic of austenitic welds observed in fully 
austenitic Ni-based and stainless steel 
weld deposits (Ref. 26). Single-pass welds 
exhibited epitaxial nucleation from the 
Type 304L base metal, and multipass 
welds exhibited epitaxial nucleation from 
prior weld deposits. A primarily cellular or 
cellular-dendritic substructure was ob- 
served within the columnar grains. The 
primary cell or dendrite arm spacing was 
on the order of 20 [xm regardless of the 
welding consumable or heat input. Repre- 
sentative weld metal microstructures are 
shown in Fig. 2A-D for Generations II-B, 
II-C, III-BW, and IV, respectively. 

Migrated grain boundaries (MGB) 
were observed in the microstructure of all 
weld deposits. The grain boundary migra- 
tion behavior of Generation III-BW and 
IV-11607 deposits varied significantly, 
even though weld target compositions 
were nominally the same. The MGBs in 
the Generation IV deposits were much 
more tortuous in nature than those ob- 
served in the Generation III deposits. 
Qualitative metallographic estimates re- 
vealed a higher volume fraction of precip- 
itates in the Generation IV weld mi- 
crostructure, which resulted in more grain 
boundary pinning and a higher degree of 
tortuosity than observed in the Genera- 
tion II weld microstructure. The observed 
differences in precipitate distribution 
were primarily due to variations in Ti and 
C concentrations in the two types of weld 
deposits. Generation III-BW weld metals 
contained only 0.5 wt-% Ti whereas the 
Generation IV wires contained approxi- 
mately 1 wt-% Ti. (Note that the core wire 
contained 4 wt-% Ti, but much of this was 
lost in the arc.) The Generation IV fluxes 
contained approximately 12% CaC03 
whereas the Generation III-BW welds 

were produced under inert Ar gas during 
GTA welding. Carbonates are typically 
used to create a protective atmosphere 
over the weld pool and to facilitate arc sta- 
bility and welding electrode operability 
(Ref. 27), and can result in an increase in 
C concentration in weld deposits. Higher 
C and Ti concentrations present in the 
Generation IV-11607 deposits result in a 
higher fraction of carbides in the weld 
metal of this consumable. The formation 
of these carbides appeared to have an ef- 
fect on the solidification substructure, 
which exhibited more branching of sec- 
ondary dendrite arms. The boundary pin- 
ning effect on the IV-11607 weld metal mi- 
grated grain boundaries was also observed 
to be much greater in comparison to the 
III-BW deposits. This is caused by the in- 
creased Ti(C,N) content (Ref. 28) and the 
more tortuous nature of SGB intersec- 
tions associated with the cellular dendritic 
structure (Ref. 29). The effect of Ti(C,N) 
on solidification and solid-state cracking is 
discussed below. 

Mechanical Properties 

Vickers microhardness traverses typi- 
cally exhibited lower hardness levels in the 
weld metal relative to the Type 304L base 
metal and heat-affected zone (HAZ). Fig- 
ure 3A shows a double V-groove weld 
made with the Generation II consumable 
on Type 304L base metal, and B is a mi- 
crohardness traverse (250 (im indent spac- 
ing) taken across the cross section. Note 
that Vickers hardness number (VHN) val- 
ues in the base metal were approximately 
200 VHN while weld hardness values were 
on the order of 150 to 160 VHN for all 
generations of weld deposits. 

Tensile testing was performed trans- 
verse to the weld according to ANSI/AWS 
B4.0-98 standard to evaluate mechanical 
performance of welds produced with the 
Ni-Cu consumables on Type 304L base 
material. Results of tensile testing are 
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summarized in Table 4 where each value is 
an average of four tests. Ultimate tensile 
strength of Generation II, III-BW, and IV 
weld deposits exceeded the minimum re- 
quired values of Type 304L. All deposits 
exceeded the minimum strength values re- 
quired for E308-XX SMAW deposits, 
where XX stands for 15, 16, and 17. Me- 
chanical property values of Type 304L (hot 
finished and annealed) and E308-XX 
class consumables (all-weld-metal de- 
posits) are from handbook (Ref. 31) and 
standard sources (Ref. 32), respectively. 
Generation II-B and IV-11607 weld de- 
posits had the highest measured strength 
levels whereas Generation II-C deposits 
had the lowest mechanical performance 
based on tensile strength. Some of the 
welds deposited with this electrode con- 
tained incomplete fusion defects and a 
higher degree of slag inclusions based on 
radiographs. This is believed to be the 
cause of the lower mechanical perform- 
ance. The III-BW had lower tensile 
strength values than Generation II and IV 
deposits. This was due to the fact that 
welds were made with the GTAW process, 
which typically lacked the inclusions (and 
had a lower volume fraction of precipi- 
tates) that could have promoted strength- 
ening and decreased ductility. All trans- 
verse tensile test failures occurred in the 
weld metal, indicating that the tensile 
strength of the Type 304L base metal was 
well above the required minimum. 

Additional tensile specimens were 
made so that all-weld-metal properties 
could be determined. This was accom- 
plished by depositing multiple weld passes 
in a groove (~ 19 mm wide x 3.3 mm deep) 
machined into Type 304L plate. The Type 
304L backing was machined away after 
filling the groove with weld metal, result- 
ing in a reduced section containing all 
weld metal. A 12.7-mm extensometer was 
used during tensile testing of the Genera- 
tion III-BW and IV-11607 weld deposits, 
thus the extensometer was entirely within 
the width (~19 mm) of the multipass 
transverse weld deposit. In using an ex- 
tensometer gauge length that was nar- 
rower than the weld deposit, erroneous 
measurements induced by nonhomoge- 
nous dissimilar weld mechanical proper- 
ties were avoided. Although these are not 
the standard all-weld-metal tensile tests, 
this method provided a good estimate of 
weld metal properties (including proof 
stress, elongation, and area reduction) in 
the transverse direction. A typical stress- 
strain curve obtained with this procedure 
is shown in Fig. 4, which was measured for 
a Generation IV-11607 all-weld-metal de- 
posit. Note that the inset in the figure is an 
enlarged portion of the elastic region of 
the curve. Also included on the plot are 
stress-strain curves for two E308-type con- 
sumables with different ferrite numbers 

Table 6 — Calculated SCTR and DDC-TR Values for Generation II and III Weld Deposits. Other 
Nickel-Based Alloys and Stainless Steels Are Included for Comparison (Ref. 34) 

Material Dilution 

Generation II-B 
Generation II-C 
Generation III-BW 
Type 304L (FN6) 
Alloy 617 
Type 310 SS 
Alloy 625 

Table 7 — Summary of Important Hot Ductility Parameters of Generation II-C and III Deposits 
on 304L. Data Are Reported in "C 

;1 by Type 304T SCTR (0C) DDC-TR (0( 

14% 111 ±7 855-1055 
10% 109 ±6 770-1140 
11% 113 920-1130 
— 31 — 
— 85 — 
— 140 — 
— 210 — 

Hotr )uctility Parameter Generation II-C Generation III-BW 
(-40% dilution) (-20% dilution) 

NDT 1300 1360 
NST 1333 1374 
DRT 1300 1320 
CSR (NST-DRT) 33 54 
DDC-TR 850-1150 800-1100 

(FN) - FN 5.7 and FN 0 (Ref. 30). The 
weld with FN 0 contained some small 
cracks whose nature was not identified. In 
the past, these have been termed "mi- 
crofissures" (Ref. 30), but this term has no 
meaning with respect to the cracking 
mechanism. This test method showed that 
Generation III-BW and IV-11607 deposits 
exceeded minimum elongation require- 
ments of E308-XX SMAW deposits. It is 
evident from the reported values of me- 
chanical properties that Ni-Cu consum- 
ables are able to meet the minimum me- 
chanical performance requirements of 
current Type 308 stainless steel consum- 
ables based on the AWS design code for 
filler metals. 

Guided bend tests were performed on 
samples made from Generation II-B, II-C, 
III-BW, and IV-11607 weld deposits on 
304L. Results of the bend tests are sum- 
marized in Table 5. The four II-B welds 
passed the requirements of AWS 
Dl.6:1999, Structural Welding Code — 
Stainless Steel. Two of the II-C samples 
passed these requirements and two 
cracked due to preexisting, incomplete fu- 
sion defects associated with sample fabri- 
cation. Bend testing of III-BW deposits 
showed microcracks in two of the tested 
weld deposits though there were no 
macroscopic failures. Three of the four 
samples passed AWS standard minimum 
requirements. The Generation IV weld 
deposits were tested over two bend radii, 
12.7 mm (0.50 in.) and 19 mm (0.75 in.). 
Samples passed the code requirements at 
the lower elongation values, which con- 
forms to AWS consumable qualification 
standard minimums for Ni-based alloys 
(19-mm die block). Representative bend 
test samples that passed the requirements 
of AWS D1.6 are shown in Fig. 5. 

Corrosion Evaluation 

Corrosion compatibility of the Ni-Cu 
consumables with austenitic stainless steel 
was a requirement from the start of this 
work because stainless steels are used in 
corrosive environments (Refs. 11,12, 14). 
The results of initial work showed corro- 
sion compatibility in chloride-containing 
environments of dissimilar welds consist- 
ing of a Ni-Cu-based welding consumable 
containing the noble element palladium 
and austenitic stainless steel. Further work 
showed that a GTA and SMA consumable 
based on the Ni-Cu-Pd system were also 
compatible for stainless welding (Ref. 18). 
The use of ruthenium was investigated as 
an alternative to Pd because the cost of 
platinum group metals fluctuate with 
time, and Ru is typically the least expen- 
sive of the platinum group metals. This 
compatibility was obtained based on the 
following corrosion design criteria (Ref. 
11): 1) the breakdown potential and repas- 
sivation potential of the weld metal were 
required to be greater than the corrosion 
potential of the stainless steel base metal 
to avoid localized corrosion such as pitting 
or crevice corrosion; and 2) the corrosion 
potential of the weld metal was required 
to be equal to or greater than the corro- 
sion potential of the stainless steel to ca- 
thodically protect the weld. 

Based on electrochemical corrosion 
testing of Generation II, III-BW, and IV 
weld deposits on Type 304L, the corrosion 
design requirements were satisfied. A 
summary of the critical electrochemical 
potentials is shown in Fig. 6 where meas- 
ured potentials are plotted for each gen- 
eration of consumable in comparison to 
Type 304L. Potentials were measured vs. a 
saturated calomel electrode (SCE). Aver- 
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fig. 8—Analysis of the following: A — Cracking regions associated with Generation II deposit; B — so- 
lidification cracking envelope of Generation II and III weld deposits, including data of 304L and Alloy 
718 (Ref 35); C — composition map of solidification crack in Generation II-B weld deposit. 

age values were calculated from at least 
three experimental runs, and standard de- 
viations are indicated for Generations III 
and IV of those runs. The breakdown (Eb) 
and repassivation (Erp) potentials of the 
Generation II, III, and IV welds on Type 
304L were greater than the corrosion po- 
tential (ECOI.r) of Type 304L, thus satisfying 
the first corrosion design requirement. 
Also, the corrosion potential of the Gen- 
eration II (-116 mVSCE), III (-133 
mVSCE), and IV (-87 mVSCE) weld met- 
als were greater than the corrosion poten- 
tial of Type 304L (-136 mVSCE), satisfying 
the second design requirement. Differ- 
ences in corrosion potentials between the 
various generations of weld deposits may 
be attributed to slight variations in con- 
sumable composition and the extent of 
weld dilution. The higher volume fraction 
of secondary phase particles in the Gener- 
ation II and IV deposits may also have re- 
sulted in increased pitting susceptibility 
with respect to Generation III deposits, 
hence the lower breakdown potentials 
(Ref. 33). However, even with large varia- 
tions of weld dilution levels, weld deposits 
met the design criteria. This suggests that 
these consumables would be considerably 
tolerant to variations in dilution from a 
corrosion perspective. 

Slow strain rate testing (SSRT) was 
performed to assess the stress corrosion 
cracking (SCC) susceptibility of welds in a 
chloride-containing environment. Slow 
strain rate testing specimens were ma- 
chined from welds deposited with Gener- 

ations II, III, and IV consumables. These 
samples were tested in 25 wt-% NaCl so- 
lution (pH 1.5) at a strain rate of 3 x 10-7 

s-1 and at ambient temperature. Results of 
tests conducted in air and in the solution 
are shown in Fig. 7A-C. As the figure 
shows, ductility was higher in air than in 
the NaCl environment for all three gener- 
ations of weld deposits. The observed dis- 
parity between air and solution was most 
pronounced in Generation II welds. Ex- 
amination of fracture surfaces of the Gen- 
eration II welds tested in solution revealed 
that failure occurred in the weld metal and 
was associated with brittle transgranular 
features. Generation III-BW welds had 
lower ductility than Generation II, which 
may be attributed to some welding defects 
that occurred during sample fabrication 
(such as incomplete fusion). However, 
comparing the Generation III SSRT in air 
to that in solution still shows reduction in 
strength and ductility suggesting some sus- 
ceptibility to SCC. Generation IV weld 
deposits also showed some reduction in 
strength and ductility, although the ob- 
served difference was not as great as that 
seen in Generation III welds. Most of the 
fracture surface of Generation III and IV 
SSRT samples was in the Type 304L HAZ 
adjacent to the fusion boundary. Fe-Ni-Cr 
alloys containing high concentrations of 
Ni generally have good resistance to SCC 
according to the well-known Copson curve 
(Ref. 34), and all of the weld deposits in 
the current study contained high concen- 
trations of Ni. Based on the Copson curve. 

one would expect the weld deposits to 
have significantly longer failure times than 
Type 304L base material used, which have 
the shortest failure times on the curve. 
Because the fabricated samples were not 
all weld metal, it is probable that the SCC 
susceptibility of the stainless steel HAZ is 
dominating the sample failure behavior 
during the testing. This concept is sup- 
ported by the observation that fractures of 
Generation II and III deposits occurred 
mostly in the stainless steel (Refs. 18, 19). 

Weldability Evaluation 

During fabrication, Ni-based alloys can 
be susceptible to solidification and liqua- 
tion cracking, as well as the solid-state 
cracking phenomenon known as ductility 
dip cracking (DDC) (Ref. 26). Therefore, 
three different weldability tests were per- 
formed to assess susceptibility to high- 
temperature weld cracking. The Vare- 
straint test was used to evaluate weld so- 
lidification cracking susceptibility. The hot 
ductility test was used to evaluate propen- 
sity to weld metal liquation cracking and to 
assess overall weld metal ductility. The 
strain-to-fracture test was used to evaluate 
susceptibility to DDC. Results of these 
tests are presented and discussed below. 

Solidification Cracking 

Based on previous transvarestraint 
testing results, Ni-based alloys have been 
shown to have a higher solidification 
cracking susceptibility than Type 
304L/308L stainless steels (Refs. 35, 36). 
These stainless steels solidify under the 
ferrite-austenite (FA) mode, where pri- 
mary ferrite solidification is followed by a 
peritectic-eutectic transformation to 
austenite (Ref. 37). Weld metal that solid- 
ifies under the FA mode generally has high 
resistance to cracking due to the tortuous 
nature of SGB intersections, which pre- 
vents continuous wetting of liquid films 
along grain boundaries, and the generally 
poor wetting of liquid films along ferrite- 
austenite boundaries. Fully austenitic so- 
lidification results in welds with lower in- 
herent resistance to solidification cracking 
because SGB intersections tend to be 
straight and susceptible to liquid film wet- 
ting. The austenite phase also has a 
greater tendency to promote segregation 
of solute elements to grain boundaries 
than ferrite due to lower inherent solubil- 
ity of solute elements. For example, the 
impurity elements S and P have lower sol- 
ubility in austenite resulting in higher con- 
centrations along grain boundaries as a re- 
sult of solidification-induced segregation 
(Ref. 38). Therefore, solidification crack- 
ing is of concern when switching from a 
stainless steel consumable to a Ni-based 
welding consumable. Consequently, the 
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Table 8 — Fume Generation Rates of Generation II and IV SMAW Consumables 

Consumable              Current Arc voltage Arc Power Weld Heat Input Average Fume Standard Cr(VI) Content in 
(A) (V) (kW) (kJ/mm) Generation Rate 

(g/min) 
Deviation Bulk Welding 

Fume (wt-%) 

E308-16 low HI 80 24.0 1.92 0.09 2.60 
E308-16 high HI 115 28.3 3.25 0.68 0.20 0.031 
Generation II-B 115 28.5 3.27 0.73 0.55 0.027 
Generation II-C no 25.5 2.81 0.61 0.41 0.003 0.020 
Generation IV-11607 90 22.5 2.03 1.1 0.41 0.042 0.057 

low HI 
Generation IV-11607 120 24.5 2.94 1.4 0.58 0.025 0.097 

high HI 

cracking susceptibility of Ni-Cu-based 
welds deposited on Type 304L was investi- 
gated using the transvarestraint test. 

Generation II-B, II-C, and III-BW de- 
posits were made by filling machined 
grooves in stainless steel to achieve dilu- 
tions of approximately 14,10, and 11%, re- 
spectively. The deposits were subjected to 
at least three strain levels during trans- 
varestraint testing to develop a cracking 
envelope. Maximum crack distances 
(MCD) were measured on each tested 
coupon. Solid-state cracks were observed 
and counted as well, and the results of the 
observations are reported in Table 6. Note 
that only one test was performed at each 
strain condition for the Generation III- 
BW deposit due to limited availability of 
filler metal, so statistical analysis was not 
performed for those measurements. 

Two distinct regions of cracking were 
observed in all three types of weld de- 
posits. The first range was directly behind 
the instantaneous liquid-solid interface at 
the moment strain was applied. This re- 
gion was associated with weld solidifica- 
tion cracking because it was within the so- 
lidification temperature range. The 
second region where cracking was ob- 
served was remote to the solidification 
cracks, and it was typically observed sev- 
eral millimeters behind the weld region 
where grain boundary liquid films were 
not present. Therefore, the second region 
of cracking occurred in the solid state and 
is indicative of DDC. Both regions of 
cracking are shown in the Generation II- 
B Varestraint test weld depicted in Fig. 
8A. The particular sample shown was 
tested at 7% strain. Note that because a 
root opening of more than 1 mm exists be- 
tween the two regions of cracking, the 
mechanism for cracking is clearly different 
and associated with a different tempera- 
ture range. 

Maximum crack distances were plotted 
as a function of applied strain, as shown in 
Fig. 8B, for each of the three weld de- 
posits. For comparative purposes, the 
maximum crack length (MCL) of Type 304 
and Alloy 718 transvarestraint tests were 
included on the plot (Ref. 36). Type 304 

has a low susceptibility to solidification 
cracking whereas Alloy 718 has a moder- 
ate to high solidification cracking suscep- 
tibility. The MCD values of Ni-Cu welds 
deposited on 304L fall between those of 
the other two alloys. Although MCD and 
MCL are not equivalent (MCD is usually 
slightly less than MCL), the values are 
usually sufficiently close to allow compar- 
ison of solidification cracking behavior. 
Based on this assumption, the Ni-Cu con- 
sumables appear to have a moderate sus- 
ceptibility to solidification cracking, ac- 
cording to measured crack distances at 
strain levels between 1 and 7%. 

Note that threshold cracking strains 
were not measured as shown for the Alloy 
718 and Type 304 alloys. Threshold strain 
is the minimum strain to cause solidifica- 
tion cracking and appears to be less than 
0.5% for 718 and 304. The II-B deposits 
appeared to have the highest cracking sus- 
ceptibility of the three types Ni-Cu weld 
deposits. The II-C and III-BW deposits 
appeared to have similar cracking suscep- 
tibility but based on the error bars of the 
II-C deposit, and the lack of replications 
of the III-BW deposit, this similarity may 
not be statistically significant. 

Analysis with SEM and EDS composi- 
tion mapping revealed that solidification 
cracks were associated with liquid films 
rich in Ti and possibly Si, as shown in Fig. 
8C. The figure shows the leading edge of 
a solidification crack of a Generation II-B 
deposit. This deposit had the highest Ti 
concentration of the three deposits and 
also the highest cracking susceptibility. 
The dense distribution of Ti(C,N) parti- 
cles was a result of a eutectic reaction at 
the end of solidification. Such a reaction 
would effectively promote solidification 
cracking because a continuous liquid film 
develops along the solidification grain 
boundaries (Ref. 26). These liquid films 
provide little accommodation for any aug- 
mented strain (or solidification-induced 
shrinkage strain during welding), which 
results in cracking. This indicates why 
the II-B deposit exhibited the highest 
susceptibility. 

The  susceptibility to  solidification 

cracking was further quantified by calcu- 
lating the solidification cracking tempera- 
ture range (SCTR). Saturated strain levels 
are determined by plotting MCD as a 
function of applied strain. When MCD 
reaches a value where it does not increase 
with further increases in strain, it has 
reached the saturated value. This repre- 
sents the maximum length along the weld 
where susceptible microstructure exists. 
That is to say, cracking extends over the 
entire length of a grain boundary where a 
continuous liquid film is present along a 
grain boundary, assuming there is no crack 
propagation in the solid state (i.e., DDC). 
Based on the cracking envelope shown in 
Fig. 8B, the saturated MCD might not 
have been reached because values of 
MCD appear to be increasing even up to 
7% strain. Therefore, the MCD at the 
highest applied strains for each material 
was used for calculating SCTR values with 
the following equation: 

SCTR = CR 
MCD 

where the cooling rate (CR) was measured 
with a thermocouple in the solidification 
temperature range (-170° to 200oC s-1), 
and Fwas the torch travel speed (2.1 mm 
s_1) during the test. 

Calculations of SCTR values at maxi- 
mum strain are presented in Table 6 for 
the Generation II and III-BW weld de- 
posits. Several other stainless steels and 
Ni-based alloys are included for compari- 
son (Ref. 35). The SCTR assessment 
shows a similar trend as seen in the crack- 
ing envelope in Fig. 8. The Type 304L 
stainless steel has the lowest SCTR value 
(310C) and hence the lowest propensity 
for solidification cracking. Generation II 
and III-BW weld deposits have SCTR val- 
ues of approximately 110oC indicating a 
higher susceptibility to cracking than Type 
304L, although similar in value to other 
Ni-based alloys such as Alloy 617. 

Temperatures over which DDC oc- 
curred were estimated using a similar ap- 
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Fig. 9 — Hot ductility curves of Generation II-C and III-BWwelds deposited 
on Type 304L and wrought Type 304 from (Ref. 40). 

proach to the SCTR calculation. Ductility 
dip cracking occurred in multiple loca- 
tions and orientations relative to travel di- 
rection and had a variety of lengths be- 
tween fractions of a millimeter to several 
millimeters in length. The upper and 
lower temperatures of the cracks were cal- 
culated by including the entire range 
where cracks were observed. The calcu- 
lated ranges are also included in Table 6, 
which shows the lower and upper temper- 
ature limits. These temperature ranges 
are discussed below. 

All of the weld deposits analyzed dur- 
ing the present work solidified as austen- 
ite. Austenite solidification is promoted by 
the high Ni-equivalent values of the weld 
deposit. Therefore, it is suggested that im- 
purities be minimized when welding stain- 
less steels with Ni-Cu consumables be- 
cause they will easily wet austenite grain 
boundaries. This is generally achieved by 
proper handling of welding consumables 
and base metals to ensure cleanliness. 
Weld zones must be kept cleaner to avoid 
entrapment of oxides and embrittling ele- 
ments such as S, P, and Pb (Refs. 39, 40). 
Weld procedures should call for low P + S 
grades of base material to ensure weld de- 
posits do not pick up impurities from the 
base metal. However, impurity pickup 
maybe an issue during weld repair of older 
heats of stainless steel that may have been 
put into service before impurity refining 
became tightly controlled. An upper limit 
of approximately 0.01 wt-% P + S is nec- 
essary to avoid solidification cracking in 
stainless steel weld deposits with high Ni 
equivalency, i.e., fully austenitic (Ref. 41). 
Such values would likely be an acceptable 
upper limit for impurity control during 
welding of vintage stainless alloys with the 
Ni-Cu consumables developed here. It 
was also evident that segregation of Ti and 
Si contribute to solidification cracking 
suggesting that levels of these elements 
should be controlled to values within those 

of the current weld 
deposits. Weld di- 
lution plays a criti- 
cal role on solidifi- 
cation cracking 
susceptibility as 
demonstrated in a 
study of Monel 
welding on Type 
304L, which 
showed cracking 
could be avoided if 
dilution was less 
than30%(Ref.l2). 
Another study of 
the Fe-Ni-Cu ter- 
nary system showed that solidification 
cracking was exacerbated as Cu contents 
were increased above approximately 
10-15 wt-% over a broad range of Ni-Fe 
concentrations in GTA welds (Ref. 42). 
While these two studies considered higher 
Cu concentrations than the current study, 
they both suggest that controlling dilution 
is a critical factor in maintaining solidifi- 
cation cracking resistance. Therefore, as 
general practice, it is recommended that 
dilution for the current consumables be 
limited to approximately 30%. 

Weld Metal Hot Ductility 

The hot ductility test has been widely 
used (Ref. 26) to evaluate the weldability 
of Ni-based alloys and stainless steels be- 
cause elevated-temperature cracking can 
usually be directly associated with a loss in 
available ductility. Using the hot ductility 
test, on-heating and on-cooling curves 
were produced for transverse multipass 
weld deposits of Generation II and III 
consumables on Type 304L. The dilution 
levels (by Type 304L) of the weld deposits 
were approximately 40% and 28% for the 
Generation II-C and III-BW deposits, re- 
spectively. Hot ductility curves for both 
weld deposits are shown in Fig. 9 and a 
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Fig. 10 —A — Strain-to-fracture test sample schematic; B — test results of 
Generation II and III welds compared to other Ni-based filler metals (Ref. 42) 
and Type 304L tested at 95(fC. The number of cracks observed on each spec- 
imen is listed. 

summary of measured hot ductility behav- 
ior is listed in Table 7. 

On-heating curves for both deposits in- 
creased in ductility up to peak tempera- 
tures of approximately 1200oC. Ductility 
decreased as test temperatures were in- 
creased above this temperature and 
reached zero ductility above 1300oC. The 
temperature of zero ductility on-heating 
corresponds to the nil-ductility tempera- 
ture (NDT). The NDT is the temperature 
where the weld metal grain boundaries 
were coated with continuous liquid films 
resulting in a complete loss of ductility al- 
though the films still maintain some load- 
carrying capacity. Nil-ductility tempera- 
ture values of the Generation III deposit 
was approximately 1360oC, a value consid- 
erably higher than that observed in the II- 
C deposit. 

An additional test was performed on- 
heating called the nil-strength tempera- 
ture (NST) test. Approximately 25 kg of 
tensile load was placed on the test sam- 
ples, and they were heated until failure. 
The value for NST represented the tem- 
perature at which sufficient grain bound- 
ary liquid was present to allow failure at 
very low loads. Nil-strength temperature 
values were found to be 1333° and 13740C 
for the Generation II-C and III weld de- 
posits, respectively. The LOM and SEM 
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Kg. ii —X-ray diffraction spectra of welding fume produced by SMAW consumables during welding of 
Type 304L. A — Generation II; B — Generation IV 

evaluation of the NST fracture specimens 
revealed that cracking occurred exten- 
sively along SGB and SSGB locations and 
that fractures were dendritic in nature. 
EDS of the fractures indicated that the liq- 
uid films coating the dendrite regions were 
rich in Ti and Si. This suggests that the eu- 
tectic containing Ti(C,N) particles in 
lower freezing point interdendritic regions 
undergo liquation. 

On-cooling hot ductility tests were per- 
formed by heating test samples to a tem- 
perature midway between NDT and NST 
(II-B samples were heated to 13150C and 
III-BW samples were heated to 13650C), 
then cooling to a predetermined tempera- 
ture before pulling the sample to failure. 
The temperature at which the alloy recov- 
ers some ductility (~5%) on-cooling is 
termed the ductility recovery temperature 
(DRT). These DRT values were deter- 
mined to be approximately 1300° and 
1320oC for the II-C and III-BW weld de- 
posits, respectively. Ductility of both de- 
posits appeared to recover at similar rates 
upon decreasing temperature from the 

DRT, although the Generation III deposit 
recovered more overall ductility upon 
cooling, which implies that it has a higher 
resistance to solid-state cracking below 
approximately 1150oC. 

The difference between the NST and 
DRT is considered the crack-susceptible 
region (GSR = NST - DRT). Ductility in 
a multipass weld HAZ is essentially zero 
within this temperature range due to the 
presence of liquated grain boundaries. If a 
weldment experiences prolonged dura- 
tion in this region, stress will accumulate 
during cooling of the weld increasing the 
likelihood of cracking (Ref. 43). The Gen- 
eration II-C weld deposits had a GSR of 
approximately 330G, which represents the 
temperature range in which the weld 
metal may be susceptible to cracking phe- 
nomena such as weld metal liquation 
cracking in the HAZ of a multipass weld. 
The Generation III deposit had a GSR of 
approximately 540G, which was larger than 
the GSR of II-C welds. However, the GSR 
values are both relatively low, suggesting 
that the multipass welds would have good 

0 12 
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Fig. 12—Concentration ofCr(VI) in welding fume 
as a function of heat input. 

resistance to weld metal liquation crack- 
ing. For austenitic stainless steels and Ni- 
based alloys, GSR values above 100oC are 
thought to be indicative of weld metals 
susceptible to weld metal liquation crack- 
ing (Refs. 26, 37). 

If single-pass welding is being per- 
formed, then liquation cracking suscepti- 
bility in the HAZ is determined by the hot 
ductility of the base metal material. Plant 
et al. have reviewed the hot ductility of 
wrought 304 stainless steel alloys tested at 
a strain rate of 6 s_1 (Ref. 44). They noted 
ductility loss in the range of 1250° to 
1350oC for a range of stainless steel com- 
positions. This was associated with a lack 
of grain boundary cohesion and the onset 
of liquation. Hot ductility of Type 304 is in- 
cluded in Fig. 9 for comparison with the 
Ni-Cu weld deposits (Ref. 44). The NDT 
temperature was not provided but appears 
to be in the range of 1350° to 13750C if ex- 
trapolated to the zero ductility line. The 
GSR of Type 304 cannot be determined 
from on-heating curves alone. However, a 
comparison of Type 304 and the weld de- 
posits provides some insight into mechan- 
ical performance. Clearly, the Type 304 
wrought alloy has superior ductility to 
both types of weld deposits. Wrought 304 
stainless steel tensile samples would likely 
contain a smaller equiaxed grain structure 
whereas the Ni-Cu deposits contain large 
columnar grains due to weld solidification. 
Larger grain sizes are typically associated 
with a decrease in ductility and toughness. 
This suggests that liquation cracking sus- 
ceptibility would be low in single-pass dis- 
similar welds of this type because more 
ductility will always be available in Type 
304 than in the weld deposit. This obser- 
vation is made based on the on-heating 
hot ductility of Type 304 and the observa- 
tion that Type 304 may also form ferrite at 
the grain boundaries in the HAZ, which 
further reduces susceptibility (Ref. 37). 

Note that the Generation II-C on- 
heating and on-cooling hot ductility curves 
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Table 9 — Bulk Fume Compositions (wt-%) of Generation II and IV Welding Fumes Measured 
with EDS 

Element 
O* 
F* 
Na 
Al 
Mg 
Si 
Cl 
K 
Ca 
Ti 
Cr 
Mn 
Fe 
Ni 
Cu 

m 
o 
z 
o 
m 
0) 
m 
> 

o 

Generation II 

65.7 

0.4 
4.2 
0.4 
2.3 
4.9 
4.2 
0.4 
0.4 
0.7 

10.4 
6.1 

Generation IV 

33.8 
21.5 

2.5 
6.4 
0.3 

22.5 
1.4 
3.7 
0.3 
0.2 
0.4 
5.0 
2.0 

*Oxygen and fluorine were present but were not measured due to limitations of light element analysis with the 
EDS technique. 

show a ductility dip in the temperature 
range from 850° to 1150oC. A similar ob- 
servation was made in the on-heating 
curve of the Generation III deposit, where 
ductility was reduced in the range of ap- 
proximately 800° to 1100oC. The on-cool- 
ing curve of the Generation III deposit 
also decreased at the lower temperatures. 
These temperature ranges correlate rea- 
sonably well with the solid-state cracking 
temperature ranges found during Vare- 
straint testing of the weld deposits shown 
in Table 7. To further examine cracking 
susceptibility due to this ductility dip, and 
determine threshold strains necessary to 
induce DDC, samples of II-C and III-BW 
weld metal were subjected to the strain-to- 
fracture test. 

Ductility Dip Cracking 

It was not possible to determine thresh- 
old strains necessary to induce DDC dur- 
ing transvarestraint testing because the 
die blocks imposed fixed levels of strain 
(at 2% strain increments) to the weld 
metal during bending. The strain-to- 
fracture test is better suited to determine 
the threshold strains necessary to cause 
DDC because strain can be applied at 
smaller increasing increments until crack 
initiation occurs (Ref. 22). A test temper- 
ature of 950oC has been proposed as a suit- 
able temperature for comparing DDC sus- 
ceptibility of different alloys because it is 
typically the temperature where the mini- 
mum in the ductility trough occurs (Ref. 
45). Therefore, this temperature was uti- 
lized to determine threshold strains nec- 
essary to induce DDC in Generation II 
and III-BW weld metals. Test samples 
were utilized with the configuration shown 
in Fig. 10A. Note that the base metal used 
for the samples was Type 304L. Weld de- 
posits were made with Generation II and 

III consumables on one side of the sample 
during fabrication. Autogenous GTA spot 
welds were then placed on the weld de- 
posit and on the Type 304L on the oppos- 
ing side of the Generation III welds. 
Gauge marks were placed on the reduced 
center section. These were measured be- 
fore and after testing to determine the av- 
erage strain level imparted into the center 
section during the test. Note that strain is 
nonuniform across the gauge section due 
to the presence of a temperature gradient, 
which results in localized deformation. 
Samples of the configuration shown were 
heated to 950oC and strained to induce 
cracking, then carefully inspected under a 
binocular microscope after testing to de- 
termine the total number of cracks. 

A comparison of cracking susceptibil- 
ity at 950oC of Generation II-C and III de- 
posits with other Ni-based filler metals 
(Ref. 46) and Type 304L is shown in Fig. 
10B. The number of cracks observed on 
each specimen is listed. The plot shows 
that Generation III welds had a higher 
threshold strain than II-C deposits and is 
comparable to FM-82. The II-C deposits 
have a cracking susceptibility similar to 
FM-52. Type 304L had the highest thresh- 
old strain values and is generally consid- 
ered very resistant to DDC. Nickel-based 
alloy FM-52 has a high DDC susceptibil- 
ity in high-restraint, thick-section welds. It 
has the lowest cracking threshold of any of 
the weld metals included in Fig. 10. Note 
that the II-C deposit had similar threshold 
values as the FM-52 weld metal. Thus, it is 
likely that II-C would have a high cracking 
susceptibility in high-restraint welds. The 
III-BW weld metal appears to have a 
cracking threshold similar to FM-82 at in- 
termediate temperatures. FM-82 is con- 
sidered to have a better resistance to DDC 
than FM-52 (Ref. 47), therefore Genera- 
tion III welds would be considered to have 

a similar cracking resistance in high- 
restraint welds as FM-82. 

In addition to the threshold cracking 
strain, the transition to "massive cracking" 
has been established as an important indi- 
cator of cracking susceptibility (Ref. 46). 
Materials that transition from the thresh- 
old strain to massive cracking over a short 
strain interval were typically observed to 
have higher susceptibility to DDC. This 
was described as the strain where the num- 
ber of cracks exceeded 50 in the spot weld 
or when they became too numerous to ac- 
curately count. Based on that criterion, 
the transition to massive cracking was not 
observed in Generation II-C or III de- 
posits within the strain envelope of testing 
(less than 5% in Generation II-C and less 
than 7% in Generation III). 

The Generation IV weld deposits ex- 
hibited higher grain boundary tortuosity 
due to grain boundary pinning by medium 
sized Ti(C,N) particles. Grain boundary 
pinning with medium-sized intergranular 
(Nb,Ti)C carbides and has been shown de- 
crease DDC susceptibility in Ni-based 
weld deposits (Ref. 28). Other work 
showed that DDC susceptibility in Ni- 
based welds was decreased with an in- 
crease in intergranular carbide coverage, 
regardless of carbide type (Ref. 48). 
Therefore, future STF testing of Genera- 
tion IV welds may reveal additional im- 
provements in DDC resistance based on 
those observations. 

Fume Characterization 

A thorough analysis of fume produced 
by these consumables was necessary to en- 
sure that Cr(VI) was sufficiently reduced 
to levels that would support their imple- 
mentation. Welding fumes produced by 
the Generation II and Generation IV con- 
sumables were evaluated by performing 
fume generation rate measurements fol- 
lowed by composition analysis with EDS, 
and chemical analysis with XRD and visi- 
ble absorption spectrophotometry to eval- 
uate bulk fume phases and Cr(VI) con- 
tent, respectively. 

The measured FGR values are shown 
in Table 8 for E308-16, and Generation II 
and IV SMAW consumables. Welding pa- 
rameters are also listed for each collection 
performed. Comparing the FGR meas- 
urements of the Generation II and IV con- 
sumables to values obtained for E308-16 
shows the Generation II chromium-free 
electrodes have higher FGR values at sim- 
ilar heat inputs to the E308-16. The Gen- 
eration IV consumables were tested at 
higher heat input conditions than Gener- 
ation II because those different weld pa- 
rameters were required to produce good 
quality weld deposits. The higher heat in- 
puts used during Generation IV testing re- 
sulted in higher FGR values than the 
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E308-16 as well. However, the Ni-Cu con- 
sumables have lower FGR values than 
other flux-based processes such as the 
E308LT1-1 electrode used for flux cored 
arc welding (Ref. 49). 

Bulk fume composition was measured 
with EDS as listed in Table 9. Note that 
some Cr was observed in the bulk fume, al- 
though this is much lower than levels ob- 
served in fumes of stainless steel welding 
consumables (Ref. 3). Phases in bulk weld- 
ing fume were readily identified with XRD 
because the fumes collected on filters dur- 
ing FGR measurements were essentially in 
powder form. Particles analyzed with this 
technique varied across a broad size range 
based on observations with SEM. The 
XRD scan results are shown in Fig. 11A 
and B for the Generation II and IV bulk 
fumes, respectively. Note the different 
scales on the axes of the two spectra. Mul- 
tiple phases were observed in both spectra; 
however, no phases were observed that 
contained Cr(VI) such as K2Cr04 or 
Na2Cr04 as previous evaluation of stain- 
less steel welding fume has shown (Ref. 3). 

The Cr(VI) concentrations in Genera- 
tion II and Generation IV welding fumes 
are shown in Table 8. Measured Cr(VI) 
concentrations in the Generation II and 
IV welding fumes were reduced by two or- 
ders of magnitude compared to E308-16 
tested at similar heat inputs. These con- 
centrations represent an average value of 
all fume particle types and sizes as they 
were measured from bulk fume filters. 
The SMAW consumables developed dur- 
ing this work contained no measureable 
amounts of chromium in the flux coatings 
or core wires. Therefore, any Cr(VI) in the 
welding fume must have originated from 
the base plate because Type 304L contains 
approximately 18 wt-% Cr. Itwas not clear 
from the results obtained during XRD 
studies what phase(s) could have con- 
tained the Cr(VI). The very low concen- 
trations of Cr(VI) as measured with col- 
orimetric techniques (Table 8) indicate the 
compounds that give rise to its presence 
would be difficult to identify with diffrac- 
tion because they would be present in such 
low concentrations. However, there were 
ample amounts of oxygen, potassium, and 
sodium within the bulk fume. Therefore, it 
is possible that Cr(VI) may have been de- 
tected as an oxide or chromate compound. 
Note that the Cr(VI) concentration in 
bulk fume scaled with heat input into the 
base metal as shown in Fig. 12 supporting 
the idea that complete elimination of 
chromate during arc welding is likely un- 
avoidable because some vaporization of 
Cr from the molten weld pool will occur. 

Consumable Applicability 

The current study showed successful 
welding of Type 304L base metal during 

weldability evaluation of the consumables. 
The Generation III and IV consumables 
would likely have further success and ap- 
plication in welding other 300-series 
austenitic alloys. Some of the most widely 
used alloys in this series include Type 304, 
316, 321, and 347, which are based on the 
18Cr and 8-10Ni metallurgical system 
(Ref. 37). Weld fusion zones on these base 
metals would remain fully austenitic ac- 
cording to an analysis with the Schaeffler 
Diagram and assuming reasonable dilu- 
tion levels by the consumables (Ref. 25). 
Susceptibility to solidification, ductility 
dip, and weld metal liquation cracking is 
expected to be similar to the current re- 
sults based on this approximation alone. 
However, variations in minor alloying 
concentrations (such as C, Si, Ti, and Nb) 
in the other grades of base metal may alter 
cracking behavior to some extent. Heat- 
affected zone liquation cracking suscepti- 
bility would also be dominated by changes 
in base metal. In addition, the various 
stainless grades are used in a broad range 
of corrosive and high-temperature envi- 
ronments, which necessitates additional 
weld corrosion testing to determine per- 
formance in those environments. Further 
studies are required to substantiate appli- 
cability in a broader sense. 

Summary and Conclusions 

This study was performed to develop 
and evaluate a Cr-free welding consum- 
able for the purpose of reducing Cr(VI) in 
the welding fume produced during joining 
of austenitic stainless steels. Various tests 
were performed to evaluate the weldabil- 
ity of a Ni-Cu-based consumable during 
joining of Type 304L austenitic stainless 
steel. These tests assessed the mechanical 
performance, corrosion characteristics, 
weld cracking susceptibility, and fume 
generation characteristics in comparison 
to data published elsewhere for conven- 
tional stainless steel welding consumables. 
Based on these tests, the following con- 
clusions were made: 

1. The final target composition for a 
bare wire consumable for GTAW (and po- 
tentially GMAW) was Ni-7.5Cu-lRu- 
0.5Al-0.5Ti-0.02C. The final target com- 
position for a SMAW core wire was 
Ni-7.5Cu-lRu-0.5Al-4Ti-0.02C. Note that 
this core wire produced a weld deposit 
with a composition very close to that of the 
bare wire due to significant Ti loss in the 
arc. 

2. Weld microstructures of GTAW and 
SMAW deposits consisted of a columnar 
austenitic grain structure with the pres- 
ence of Ti(C,N) particles at solidification 
grain boundaries and cell and dendrite 
boundaries. 

3. Welds deposited on Type 304L stain- 
less steel using Generations II, III, and IV 

electrodes exhibited good mechanical 
properties. Tensile strengths of weld de- 
posits exceeded minimum values required 
for E308-16 weld deposits. Elongation val- 
ues of Generation III and IV deposits ex- 
ceeded minimum values required for 
E308-16 weld deposits. 

4. Electrochemical corrosion tests re- 
vealed that weld deposits met corrosion 
design criteria to avoid galvanic and local- 
ized corrosion in chloride environments. 

5. Transvarestraint testing revealed 
that Generation II and III weld deposits 
had solidification cracking temperature 
range (SCTR) values of approximately 
110oC. This is significantly higher than 
E308L weld metal (30o-40oC) but similar 
to other Ni-base weld deposits that exhibit 
moderate solidification cracking suscepti- 
bility. 

6. Hot ductility testing revealed that 
the Generation II and III-BW deposits 
had low liquation cracking indexes as de- 
termined by the cracking susceptibility 
range (CSR) calculations. The CSR values 
were 33° and 540C for Generation II and 
III weld deposits, respectively. 

7. Generation III GTA weld deposits 
had better overall elevated temperature 
ductility than Generation IISMA weld de- 
posits. Both deposits exhibited a ductility 
dip in the range of 800° to 1100oC. 

8. Strain-to-fracture testing revealed 
that cracking threshold strains of Genera- 
tion II (-2%) and III (-3%) weld metals 
were significantly lower than stainless 
steel alloys such as Type 304L, although 
threshold strain levels were comparable to 
other Ni-base filler metals. 

9. Fume generation rates of the Gener- 
ation II and IV consumables were higher 
than E308-16 at similar heat inputs but 
were lower than stainless steel flux cored 
welding consumables. 

10. Cr(VI) bearing compounds were 
not detected when XRD was used to ana- 
lyze the chemistry of bulk fume produced 
from the SMAW process. 

11. Cr(VI) in the Generation II and IV 
welding fumes was reduced by two orders 
of magnitude compared to E308-16 tested 
at similar heat inputs. Complete elimina- 
tion of Cr(VI) may be unavoidable be- 
cause there will always be some vaporiza- 
tion of Cr from the molten surface during 
arc welding when there is some dilution of 
the Ni-Cu consumable by the stainless 
steel. 
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Calorimetric Measurement of Droplet 
Temperature in GMAW 

Droplet temperature reaches a minimum at the transition 
from giobular to spray transfer 

BY E. J. SODERSTROM, K. M. SCOTT, AND P. F. MENDEZ 

Averaa 

ABSTRACT 

Average temperature was calcu- 
lated from calorimetric measurements 
in free-flight gas metal arc welding 
(GMAW) for ER70S-6 (carbon steel), 
ER316L (stainless steel), and ER4030 
(aluminum) electrodes. Measure- 
ments were conducted using a con- 
stant-pressure water calorimeter to 
capture the droplets and a flow- 
through copper cathode/calorimeter 
to carry the arc. Thermocouples were 
used to monitor the temperature 
change of the water flowing through 
the cathode as well as in the constant 
pressure calorimeter. Results show a 
local minimum in temperature during 
the transition from globular to spray 
transfer modes. 

Introduction 

Droplet temperatures during free- 
flight gas metal arc welding (GMAW) 
have been studied by several researchers. 
However, there is an incomplete under- 
standing as to how droplet temperature is 
affected by process parameters. Under- 
standing the response of droplet tempera- 
ture with different transfer modes is nec- 
essary to understand fume formation rates 
and alloy recovery. 

Droplet temperature measurements 
have been made using different methods, 
including thermocouples, optical pyrome- 
try, and calorimetry (Ref. 1). Previous re- 
searchers have reported droplet tempera- 
tures ranging from the boiling point of the 
metal in question to several hundred de- 
grees above the melting temperature 
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(Refs. 2-7). Lu and Kou (Ref. 6) utilized a 
setup that implemented a gas tungsten arc 
welding (GTAW) torch to melt welding 
wire to simulate globular transfer and 
used a water-cooled copper cathode dur- 
ing spray transfer. In each case, the 
droplets were collected in a calorimeter 
surrounded by a radiation baffle. Ozawa et 
al. (Ref. 8) used a calorimeter setup simi- 
lar to Lu's for droplet heat content meas- 
urements. The arc was established be- 
tween a consumable anode and 
nonconsumable cathode using a variety of 
materials. Fu, Ushio, and Matsuda (Ref. 
9) tested heat content of steel and alu- 
minum alloys and analyzed the contribu- 
tions of ohmic heating and heat input from 
the arc using a setup similar to Lu and Kou 
but with a carbon cathode. Attempts to ac- 
quire the droplets and measure heat con- 
tent have also been made by Kiyohara, Ya- 
mamoto, and Harada (Ref. 10); Ando and 
Nishiguchi (Ref. 11); Acinger, Sipek, and 
Smars (Ref. 2); Erohin and Rykalin (Ref. 
12); Watkins (Ref. 13); Pokhodnya and 
Suptel (Refs. 4, 14); Heiro and North 
(Ref. 15); Ueguri et al. (Ref. 16); and Tong 
et al. (Ref. 17). 

In addition to measuring droplet tem- 
peratures, this setup also has the ability to 
separate heat generated by the arc from 
that contained within the droplets. The lat- 
est data from setups with similar capabili- 
ties are from the late 1980s, and the inter- 
vals of welding current used in surveying 
the process were coarse and insufficient to 
resolve the local minimum in droplet tem- 
perature reported in this work. Therefore, 
it is necessary to revisit the problem using 
an experimental matrix with slight varia- 
tions of welding current. The scope of this 

KEYWORDS 

Gas Metal Arc Welding 
(GMAW) 

Droplet Temperature 
Globular Transfer 
Spray Transfer 
Stainless Steel 
Aluminum 

project is limited to direct current elec- 
trode positive (DCEP) welding conditions 
with 1.1-mm (0.045-in.) ER70S-6 (carbon 
steel), ER4043 (aluminum), and ER316L 
(stainless steel) electrodes shielded with 
argon. Programmable waveforms and/or 
pulsing were not utilized in the study to 
minimize the number of experimental de- 
grees of freedom. Although the switch to 
pulsing or a complex waveform is only a 
matter of changing the machine settings, 
the fundamental changes in droplet tem- 
perature are expected to be more complex 
than in direct current and outside the 
scope of this initial work. The following 
section describes the experimental setup in 
detail. The procedure implemented is 
found in Appendix C. 

Experimental Setup 

The experimental setup can be divided 
into six critical subassemblies. The weld- 
ing equipment, calorimeter, copper heat 
shield, water-cooled copper cathode, 
high-speed imaging, and current/ 
voltage data acquisition work simultane- 
ously to provide feedback about the 
process. 

Welding Equipment 

The power source used in this research 
was a Miller PipePro 450RFC machine 
operated in constant voltage mode. Cou- 
pled to the power source was a Miller 
PipePro Single Feeder that communicated 
directly with the power supply for precise 
process control. The welding torch was a 
Miller Type GW-60A. An adapter was 
manufactured to allow for the use of the 
Miller Type GA-17C contact tip. An 
Omega gas proportioning rotameter 
Model FL-2GP-40ST-40ST was used for 
monitoring the flow rate of the shielding 
gas, received from the factory calibrated 
with a precision of ± 2%. 

Calorimeter 

Instrumental to the experimental setup 
was a constant-pressure calorimeter 
shielded from arc influence by a copper 
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Fig. 2 — A — Components that facilitate capturing the droplets; B — constant- 
pressure calorimetermade from Styrofoam™ (Ref. 18). 

Fig. 1 — The experimental system. Droplets fall through the cathode and 
are captured in a copper crucible. The temperature change of the water 
bath is monitored with thermocouples. Not to scale (Ref. 18). 

Fig. 3 —A —The assembled calorimeter. The crucible is elevated above the water 
bath to allow for the photograph; B — the crucible is submerged in the water bath 
during testing (Ref. 18). 

plate along with a water-cooled copper 
cathode, shown in Fig. 1 (Ref. 18). Due to 
the harsh nature of the welding environ- 
ment, many design issues had to be evalu- 
ated for feasibility. The first step in the de- 
sign process was to identify the 
functionality of each component. After 
the design and fabrication of the experi- 
mental apparatus, a series of tests was per- 
formed to validate the system and verily 
all the components worked properly. 

The function of the calorimeter was for 
the measurement of droplet heat content. 
Figure 1 shows the main components of 
the calorimeter system. It is composed of 
a water bath within an insulating con- 
tainer, a copper crucible to catch the 
droplets, a supporting system to hold the 
crucible, a stir bar to circulate the water, 
and thermocouples to measure the tem- 
perature or the water bath. 

Figure 2 shows the two main compo- 
nents of the calorimeter, the "hot" com- 
ponents that experience elevated temper- 
ature during testing and the insulating 
container that holds the water bath. When 
assembled with the insulating pins, which 
are hollow alumina tubes, the copper cru- 
cible is thermally isolated from the droplet 
tube and heat shield. All of these parts fit 
together along with the thermocouples, 
magnetic stir bar, water, and stir plate to 
form the calorimeter, shown completely 
assembled in Fig. 3. 

The process of acquiring temperature 
data proved to be difficult due to arc in- 
terference that affected data acquisition. 

Electrical noise greatly influenced the 
voltage output of the DAQ board. The 
problem could be solved by using low- 
noise thermocouples. Omega Model 
GKQSS-18U-18, as well as oversampling 
the data. This eliminated excess electrical 
noise to produce temperature profiles 
with negligible arc interference. 

Copper Heat Shield 

The calorimeter may be influenced by 
the plasma flame that is expelled through 
the disk of the calorimeter as well as addi- 
tional radiation from the arc due to the 
proximity to the copper cathode. To ac- 
count for this, a heat shield with an em- 
bedded K-type thermocouple was inte- 
grated between the calorimeter and 
cathode, as shown in Figs. 1 and 2. The 
shield can capture some of the radiative 
heating of the arc. The thermocouple does 
not account for temperature gradients 
within the heat shield during the duration 
of testing. 

Water-Cooled Copper Cathode 

The water-cooled copper cathode 
serves several purposes in the system. The 
first is to sustain the welding arc between 
itself and the consumable electrode, as 
shown by the circuit in Fig. 1. The second 
purpose is to allow passage of the de- 
tached droplets into the copper crucible. 
The third purpose is to monitor the tem- 
perature rise in the cooling water to de- 

termine the amount of heat that is sup- 
plied by the arc to the cathode. 

The copper cathode assembly is shown 
in Fig. 4. Process water from the building's 
closed-loop system was used as the 
coolant. Ahead of the water inlet is a 0.2 
to 2 gal/min flow meter indicating the flow 
rate of the process water. The volumetric 
flow rate is one of the terms needed to cal- 
culate the power being supplied to the 
cathode. The second value is the change in 
water temperature, which is monitored by 
the thermocouples placed in the flow- 
through ports. 

Several cathode designs were tested to 
establish which would perform best for the 
duration of the study. Figure 5 shows a 
schematic representation of each. Version 
1 is simply a section of 19.05 mm (0.75 in.) 
copper tubing with a through-hole drilled 
through the tube body. A smaller section 
of copper tube was brazed in place to pro- 
vide a water-tight seal and a passage for 
the droplets. This design proved to be 
quite fragile and not sustainable; the arc 
wandered down the droplet passage and 
eventually extinguished. Variation 2 is 
similar to 1 but with a Mullite insulator 
pressed in place to keep the arc from wan- 
dering. This iteration also proved to be un- 
stable, as the insulator melted in conjunc- 
tion with establishment of the arc. Version 
3 implemented a 25.4-mm- (1-in.-) diame- 
ter copper disk with a 0.925-mm (0.375- 
in.) through-hole that was brazed into 
19.05-mm (0.75-in.) tubing that had been 
compressed. After compression, the di- 
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Fig. 4 — The water-cooled copper cathode. This piece of equipment 
acts to monitor water temperature before and after the arc and to allow 
droplets to travel unobstructed into the crucible (Ref 18). 
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Fig. 5 — Copper cathode design iterations. Version 3 led to the most desirable arc 
characteristics (Ref. 18). 
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Fig. 6—A schematic of the laser imaging system used in the research. The 
welding gun, calorimeter, and cathode have been rotated for the sake of the 
schematic. Actual welding position was vertical (Ref. 18). 

Fig. 7 — Diagram of the current/voltage data acquisition setup (Ref. 18). 
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were 31.75 mm wide x 6.35 mm thick (1.25 
in. x 0.25 in.). The flat surface of the disk 
allowed the arc to be established and 
maintained consistently resulting in an arc 
that is typical of standard bead-on-plate 
GMA welds. Although undocumented, 
arc stability on the copper cathode will be 
demonstrated in subsequent publications. 
The consistent results led to the imple- 
mentation of this version for the remain- 
ing tests. 

Imaging System 

This setup is very similar to the laser 
shadowgraph system used by Allemand et 
al. (Ref. 19), which has seen wide use by 
many researchers and is shown in Fig. 6. 

The high-speed camera used in this re- 
search was an X-PRI model manufactured 
by AOS Technologies AG. Recordings 
were made at either 1000 or 2000 frames 
per second, depending on the metal trans- 
fer mode. The lens used for imaging was a 
variable zoom (0.5 to 3x) unit. 

Current and Voltage Data Acquisition 

The current was measured with a LEM 
HTA 600-S current transducer, which has 
a current range of 0-600 A. An LEM 
LV25-P voltage transducer was used for 
voltage sampling; it is capable of sampling 
between 0 and 100 V. Both sensors were 
connected to a signal processing device. 
Figure 7 shows a representation of this 
setup. 

Synchronization 

Synchronization of the high-speed 
video with the high-speed current and 
voltage signals was accomplished using 
various techniques. Because the data card 
used in this research does not have analog 
output abilities, the signal had to first be 
routed through a digital relay. An AC volt- 
age generator was then used to activate 
the mechanical relay that triggered the 
camera. The camera was triggered upon 
activation of the current and voltage ac- 
quisition system. 

To synchronize the independent sys- 
tems, an LED that operates off of the cur- 
rent/voltage system was placed in the line 
of sight of the camera. Programmed to ac- 
tivate every 100 ms for 10 ms, the LED al- 
lows for adjustment of the video to align 
with the current/voltage output. When the 
adjustment is complete, the video lags the 
current and voltage signals by approxi- 
mately 1 ms. The video will always lag the 
current and voltage because of the delay in 
the mechanical relay used to activate the 
camera. 

Figure 8 shows two images captured 10 
ms apart. The vertical bar on the voltage 
readout indicates where the frame of the 
video aligns with the voltage signal. The 
videos were compiled by a MATLAB code 
written specifically for this project. 

Results and Discussion 

Droplet Heat Fraction 

An advantage to using the current 
setup is the ability to separate the heat 
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fig. 8 — Images captured 10 ms apart using the synchronization system. This figure 
demonstrates the delay between the video and voltage signal. Although it was proven 
that the peaks correspond to droplet detachment (Ref. 18), the signal does not precisely 
correlate to the video. ER4043, 107A. 

Fig. 9 — Generic trend seen in each case, with three distinct regions 
representing the following: A — Globular transfer; B — the transition 
region; C — spray transfer. The photographs are ofl.l-mm (0.045-in.) 
ER4043 electrodes shielded with argon. 

m 

O 

m 
0) 
m 
> 

o 

i 

.i 

T^-JI-OK 

.• m        tie :*>        lie        i't        tt*        MO 

It** 

■M 

Ml 

-f 
HH   I 

I 
mm i 

MM   i 

.4    - 

ftUiLJE 
: 

.   n    (•—or 
• 

ZttV.aMA I i-:   i A 

Fig. 10—Average droplet temperature and average droplet heat content for ER70S-6 (mildsteel) 1.1-mm 
(0.045-in.) electrodes shielded with argon. Data used for calculating average droplet temperature and heat 
content in regions A, B, and C are indicated by square, diamond, and triangle markers, respectively. 

content of the droplets from that of the 
arc. Results from previous researchers 
show efficiencies anywhere from 68 to 
88% (Refs. 7, 20-22), depending on the 
welding conditions. These results were 
found using a variety of methods, none of 
which isolates the arc from the droplets. 
The methodology for computing the heat 
fraction of the droplets is straightforward. 
The process is not completely efficient due 
to radiation and evaporative losses; there- 
fore, for the nonpulsed conditions used, 
the total heat into the weld is given by the 
following: 

qw = IVr\ (1) 

where qw is the total energy input to the 
weld and r| is the process efficiency. The 
main emphasis of this study is to deter- 
mine the heat content of the droplets in 
globular and spray transfer modes, given 
by Equation 2: 

<ld=fc^n (2) 

where qd is the heat contained within the 
droplets and fd the droplet heat fraction. 
Both welding current and voltage were 
measured using transducers; therefore, 
the total power delivered to the system 
was calculated using Equation 1. Because 
the arc is separated from the calorimeter 
by the heat shield and copper cathode, any 
subsequent increase in the temperature of 
the water bath is considered to come from 
the droplets. Therefore,/^ is expressed by 
rearranging Equation 2, leaving 

J J (3) 

Combining Equations 1 and 2 leaves the 
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total heat of the droplets in terms of the 
welding current, voltage, process effi- 
ciency, and droplet heat fraction as 
follows: 

qd=fd^v (4) 

Droplet Heat Content and Temperature 

The behavior of both the average 
droplet heat content and average droplet 
temperature as a function of welding cur- 
rent followed the same generic trend for 
each of the alloys, shown in Fig. 9, with 
three distinct regions: A, corresponding to 
globular transfer mode; B, corresponding 
to the transition; and C, the region corre- 
lating to projected/streaming spray trans- 
fer. Droplet energy increased until the 
process reached a threshold, or the transi- 
tion from globular to spray transfer. Al- 
though unstable, process operation within 
the transition region can help reduce fume 
formation and therefore alloy losses, two 
aspects that are highly desirable in indus- 
try when workplace cleanliness is of con- 
cern. Also, the advent of new, highly al- 
loyed materials make reducing alloy losses 
necessary. This region can also be tailored 
using pulsing to make it more desirable for 
an industrial setting. 

In the transition phase, droplet size de- 
creased and the energy balance of the sys- 
tem changed. A detailed, theoretical study 
of this phenomenon is in progress. Intu- 
itively, however, it is reasonable to expect 
that for a given droplet size, surface tem- 
perature increases with heat input which 
increases with current (Ref. 23). The sud- 
den reduction of droplet size hinders de- 
velopment of the thermal gradient and 
therefore decreases average droplet 
temperature. 

Heat content and droplet temperature 
are monotonically related through the 
specific heat capacity of the metal, and are 
calculated via a simple heat balance be- 
tween the melting and superheating of the 
droplet and the calorimeter, as shown in 
Equation 5: 

Td 

JCpldT + AHf + JCp5dT 

JCpwdT + JCpcdT (5) 

where Td is the maximum temperature of 
the molten droplet, 7) is the liquidus tem- 
perature of the droplet, Cps is the specific 
heat capacity of the solid metal, A/^-is the 
latent heat of fusion of the metal, 7^ is the 
solidus temperature of the metal, Tt is the 
final temperature of the water in the 
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Fig. 11—Average droplet temperature and average droplet heat content for 1.1-mm (0.045-m.) ER316L ^^ 
(316 stainless steel) electrodes shielded with argon. Data used for calculating average droplet tempera- > 
ture and heat content in regions A, B, and C are indicated by square, diamond, and triangle markers, ^^ 
respectively. ^U 

calorimeter, C ; is the specific heat capac- 
ity of the molten metal, Tw is the initial 
temperature in the water bath, C™, is the 
specific heat of water, and C w is the spe- 
cific heat of the copper crucible. In this 
first implementation of the calorimeter, 
average C values were used, resulting in 
the linear Equation 6. This equation can 
be easily solved, unlike Equation 5, which 
is nonlinear. More information about the 
values used in the calculation can be found 
in Appendix B. 

= Cpw(Tf-Tw)+dpc(Tf-Tw) (6) 

In Equation 6, the only unknown is Td, 
the temperature of the droplet after leav- 
ing the arc column. The approximation 
that C does not change significantly with 
temperature was made to simplify the cal- 
culations in this study. The authors ac- 
knowledge the influence of temperature 

on the heat capacity of materials, and are 
currently working on incorporating this 
variability into the calculations. 

The average droplet temperature for 
each alloy is shown in Figs. 10-12. In these 
graphs, the points represent the experi- 
mental data, while the continuous lines 
represent a manual interpretation. Not all 
the data were of the same quality, in par- 
ticular the case of the steel electrode for 
which the design of the cathode was still at 
an iteration stage, resulting in a relatively 
large scatter in Fig. 10. 

An interesting observation should be 
noted. In the case of the steel electrode, 
the maximum recorded average droplet 
temperature is below the boiling tempera- 
ture of the liquid. However, previous re- 
search has indicated temperatures at the 
surface of the droplet to be at the boiling 
point (Ref. 24). This suggests that the bulk 
temperature of the droplet is well below 
the boiling point of steel, and that vapor- 
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Fig. 12 —Average droplet temperature and average droplet heat content for 1.1-mm (0.045-in.) ER4043 
(aluminum) electrodes shielded with argon. Data used for calculating average droplet temperature and 
heat content in regions A, B, and C are indicated by square, diamond, and triangle markers, respectively. 

ization may not be a dominant heat trans- 
fer mechanism. The same cannot be said 
for the aluminum droplets, however. The 
maximum recorded droplet temperature 
in this case was above the boiling point, in- 
dicating vaporization is a dominant heat 
transfer mechanism. In making these con- 
siderations, it is important to keep in mind 
that temperature gradients within the 
droplet can cause surface temperatures to 
be much higher than bulk temperatures. 

Arc Power 

The minimum seen in the droplet heat 
content was only seen in the droplets, and 
did not translate to the arc. Figure 13 
shows a linear trend between arc power 
and welding current, as expected. 

The apparent minimum arc power seen 
in the ER4043 data set, as well as the scat- 
ter seen in the ER70S-6 data set do not 
correspond to a minimum droplet tem- 
perature or any significant change with the 

process. They are likely related to experi- 
mental error. 

Heat Distribution 

Table 1 shows how heat is distributed 
between the electrode and cathode during 
welding on a copper cathode. For the con- 
stant voltage conditions used, average 
power input is calculated by multiplying 
the average welding current by the aver- 
age voltage. Average droplet, cathodic, 
heat shield, and other heat fractions are 
calculated by dividing average droplet 
heat content, energy delivered to the cath- 
ode or heat shield and energy not directly 
measured by the total average power 
input. Average droplet heat content is cal- 
culated from Equation 6, from which av- 
erage droplet temperature can be directly 
calculated. The calculation of process effi- 
ciency considers only the average droplet 
heat content and heat delivered to the 
cathode divided by average total power. 
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Fig. 13 — Cathodic heat input for the following: A 
— ER70S-6;B — ER316L; C—ER40431.1-mm 
(0.045-in.) electrodes shielded with argon. 

Because radiation from the arc as well as 
from the plume extending below the cath- 
ode were not taken into account in the 
captured fraction calculation, the overall 
captured energy was lower than typical re- 
ported efficiency values. 

The copper heat shield was not used 
consistently during the testing of the 
ER70S-6 electrodes and was therefore 
omitted from the table. In both ER316L 
and ER4043, the fraction of heat con- 
tained within the heat shield was quite 
low, between 5 and 11%. This suggests one 
of two things: either welding times were 
not long enough to allow the plate to come 
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to thermal equilibrium, or it is simply not 
capturing significant quantities of heat 
from the plasma flame. Changes can be 
made to the experimental procedure to 
determine the best way to capture more of 
the radiant heat. 

Conclusion 

• An experimental platform was con- 
structed that has the ability to charac- 
terize several different aspects of the 
GMAW process. Metal transfer modes 
were analyzed with a high-speed laser 
imaging system that is synchronized to 
the current and voltage signal. The re- 
sults show direct correlation between 
droplet detachment events and sharp 
peaks in the voltage outputs of the 
process. Energy measurements of both 
the detached droplets and welding arc 
were made on three separate calorime- 
ter systems. 

• Three different electrode materials, 
ER70S-6 steel, ER316L stainless steel, 
and ER4043 aluminum were tested for 
average droplet heat content and tem- 
perature during different metal transfer 
modes. The same trend was seen for all 
three alloys; a significant reduction in 
droplet heat content and average 
droplet temperature occurs at the tran- 
sition from globular to spray transfer. 
Average droplet temperature increased 
slightly during globular transfer, was 
minimum at the transition between 
globular and spray transfer, and any 
subsequent increase in welding current 
in the spray transfer mode increased the 
heat content of the droplets. 
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Appendix A 
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o 
Fig. 14 — Ambient temperature readings using a 
thermocouple at different distances from a cathode 
ring. At approximately 140 mm (5.5 in.), the 
plasma flame shows little effect. From Jelmorini 
(Ref.5). 

In research conducted by Jelmorini 
(Ref. 5), it was shown that excess energy 
input from the plasma to the calorimeter 
may be problematic. To avoid excess heat- 
ing, it was determined that the calorime- 
ter should be ~140 mm (5.5 in.) below the 
exit of the cathode (Ref. 5). Figure 14 
shows the results obtained by Jelmorini. In 
addition to the offset distance recom- 
mended by Jelmorini, this study used a 
copper heat shield to further reduce arc 

influence on the droplets and calorimeter. 

Appendix B 

See Table 2. 

Appendix C 

Procedure 

• The power supply was turned on and 
shielding gas was purged through the 
system to ensure proper flow rate. 

• Wire adjustment can be checked with a 
simple test of hand feeding the wire 
through the cable with little resistance. 

• If new welding parameters are to be 
used, the proper adjustments (wire feed 
speed, voltage) need to be made prior to 
taking actual heat measurements. Ad- 
justments are made to keep the contact 
tip to work distance and electrode ex- 
tension constant at 25.4 mm (1 in.) and 
12.7 mm (0.5 in.), respectively. 

• Align the torch with the copper cathode 
by feeding enough wire through the 
contact tip such that it sticks through 
the hole in the cathode. Adjustments 
are made via X-Y-Z adjustment knobs. 

• Clean the copper cathode using a die 
grinder equipped with a 76-mm- 
(3-in.-) diameter Scotch-Brite™ SL sur- 
face-conditioning disc. 

• Set the process water flow rate to 3 
L/min (0.79 gal/min) using the flow 
meter and ball valve on the copper 
cathode. 

• Assemble the calorimeter. Prior to as- 
sembly, the Styrofoam and empty cop- 
per crucible are weighed individually to 
calculate any mass loss or gains during 
the experiment. 

• The two thermocouples that monitor 
the temperature of the water bath are 
clamped into position with metal binder 
clips such that they are directly adja- 
cent, but not touching, the copper 
crucible. 

1 Pour approximately 500 mL of water di- 
rectly into the center cavity of the Sty- 
rofoam. Record the exact amount of 
water that is poured into the Styrofoam 
for later calculations. A magnetic stir 
bar is placed into the Styrofoam con- 
tainer, which is subsequently placed on 
the magnetic stirrer. 

1 Turn the magnetic stirrer to 400 rev/min. 

1 The calorimeter is now ready for the ex- 
periment. Raise the calorimeter to im- 
merse the crucible in the water bath. 

1 The data acquired during experiments 
are divided into three separate cate- 
gories: current and voltage, tempera- 
ture, and video. All three are controlled 
by a program written in Lab View. 

1 When all of the subassemblies are pre- 
pared for an experiment, the welding 
process can be enabled. The arc is 
started by using a flattened piece of cop- 
per tubing, positioned in such a way to 
create a short circuit between the wire 
and cathode. 

1 Once the process stabilizes, the manual 
trigger on the voltage/current acquisi- 
tion can be pressed. This operation will 
simultaneously begin the voltage/cur- 
rent analysis as well as the high-speed 
video recording. 

1 Record the final weight of the Styro- 
foam container and copper crucible. 

1 Three different computer files are gen- 
erated: the current/voltage signal, the 
temperature signal, and the movie file. 
These files are analyzed along with the 
weight and time measurements to de- 
termine average droplet detachment 
frequencies, heat contents, current, and 
voltage. 

Table 2 — Thermophysical Properties of Materials Used in This Study (Ref. 24) 

Material Property 

Liquid heat capacity 
Solid heat capacity 
Heat of fusion 
Liquidus temperature 
Solidus temperature 

Symbol 

cpl 
r 

AHf 

Unit ER70S-6 ER316L ER4043 

J/gK 0.711 0.83 1.19 

J/gK 0.685 0.6 1 

J/g 250 260 425 
K 1538 1402 614 
K 1538 1402W 614W 

Copper 

0.385 

Water 

4.186 

(a) Although these alloys undergo a range of solidification, for the sake of the calculations, it was assumed that the solidus and liquidus temperatures are the same. 
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Arcos, The Standard of Excellence in 
Covered Electrodes and Bare Wire, 
offers two outstanding welding 
products designed to withstand 
critical temperature extremes. 

Arcos 625 and Arcos 1N12 (625) are 
nickel-chromium-molybdenum products 
which are designed to be virtually immune to chloride- 
ion stress-cracking. They feature moderate strength, 
good fabricability and excellent oxidation resistance. 
Each is military-approved and provides superior 
corrosion resistance, over a range of temperatures 
from cryogenic to extremely elevated (up to 1,800°F). 

Arcos 625 is ideal for welding alloys 625, 601, 802 
and 9% nickel. This wire is well suited for welding 
piping systems and reactor components in the power 
generation industry and for high temperature service 
in a wide variety of other engineering applications. 

Arcos 1N12 (625) is utilized for welding alloys such 

as 625, 800, 801, 825 and 600. 
This covered electrode is the smart 
choice for applications including 
petrochemical plants, reactor 
components, furnace equipment, 
heat exchangers and offshore 
marine environments. 

To learn about the many advantages of specifying Arcos 
625 and Arcos 1N12, call us today at 800-233-8460 
or visit our website at www.arcos.us. 

Arcos Industries, LLC 
One Arcos Drive • Mt. Carmel, PA 17851 
Phone: (570) 339-5200 • Fax: (570) 339-5206 
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