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formidable welding applications. 
SelectWear™ hardsurfacing wires are 
formulated to improve your welding 
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and reduce machinery downtime 
by increasing component life. In 
addition, these Select-Arc electrodes 
can provide heightened resistance to 

other conditions 
including impact, 
adhesion, corrosion, 
erosion and elevated 
temperatures. 

Of course, all Select-Arc hardsurfacing 
products deliver the same exceptional 
electrode quality that our customers 
have come to rely on over the past 
decade. 

For more information on the 
hardsurfacing electrodes designed 
with tough applications in mind, call 
Select-Arc at 1-800-341-3213 or visit 
our website: www.select-arc.com. 
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EDITORIAL 

Lend a Hand: Be a Mentor 
A common question and source for concern arises during conversations with senior 

management, technicians, and field personnel representing a wide variety of industries. 
Where are the skilled workers who will take over when the current workforce retires? 

As the baby boomer generation begins to leave the welding workforce, the difficulty of 
"succession planning" for the next generation of skilled professionals becomes apparent. 
I believe succession planning — typically reserved for the executive levels of a company 
— is just as important, if not more so, for the craft workforces of this country. On-the-job 
training involves behaviors practiced in apprenticeship-type programs and which are best 
learned from experienced senior professionals who honed (or refined) their skills through 
the same type of programs and who began with the same level of expertise. 

How do we begin to train the next generation of welding experts? How do we entice 
them to join the world of welding? 

I recall as a child watching my father weld a swing set for me. It was built out of old 
pipes and his skill. I watched through the lens of a welding hood, mesmerized by the 
welding arc. I recall thinking, "Wow, it sure would be neat to do that one day." Years 
later, I learned basic welding skills at a vocational school, then continued my education 
at a technical college to become a welding and NDE technician. I later graduated from 
The Ohio State University with a welding engineering degree. However, my lifelong 
interest in the craft was initially sparked by those old pipes that were transformed into a 
swing set through a little welding and a lot of ingenuity. 

Today, there's a lot of talk about how we can give back to the American Welding 
Society through serving on technical committees, donating to scholarships, helping with 
membership drives, judging a local science fair, participating in career days at local 
schools, and so on. All of these are great ways to support the welding community. I have 
served for many years on several technical committees and have participated in commu- 
nity service projects. If you have not already done so, I encourage you to join and get 
involved. Serving on a technical committee is an opportunity to share your knowledge 
and insights with others while gaining from their unique perspectives. You will find it is 
a great way to meet new friends, connect with old colleagues, and ultimately make a dif- 
ference in the future of welding. 

If serving on a committee isn't for you, there is another effective way to help a new 
generation prepare to take the reigns — become a mentor. Mentoring affords you the 
rare opportunity to connect on a deeply personal level by providing guidance and tute- 
lage. In return, you'll receive immense satisfaction from having made a difference in 
someone else's life. Mentoring is a two-way partnership. The person being mentored 
must be open, willing to listen, and have an enthusiasm for learning. The mentor must 
be patient, willing to give of his/her time, and understand that not every nugget of wis- 
dom will be followed. In a successful relationship, both individuals will develop mutual 
respect for each other's unique talents and gifts. 

I was fortunate to have many people, from welders and engineers to managers, take 
an active interest in my life, career, and aspirations. And to this day, those same people 
continue to provide guidance as my career progresses. They are my mentors and sound- 
ing boards. They are also some of my closest friends. 

When thinking of ways to contribute to the AWS, consider an active mentorship. It 
can be the kid next door, the college student seeking advice at a local Section meeting, 
or a niece or nephew wondering what to do after high school. There are no formalities, 
just offer patience and advice. And, most importantly, be there to listen. 

You can make a difference by being an example to 
follow. You can help instill confidence, demonstrate a 
strong work ethic, and share your expert knowledge 
with the next generation of welding personnel. At the 
same time, you will gain an incomparable satisfaction 
from helping others and our Society, while generating 
a positive impact on the world of welding. 

Bennett B. Grimmett 
Chair, AWS Committee on Definitions and Symbols 

MARCH 2011 

American Welding Society 
Founded in 1919 to Advance the Science, 
Technoiogy and Appiication of Weiding 

Officers 
President John L. Mendoza 

Lone Star Welding 

Vice President William A. Rice Jr. 

OKI Bering 

Vice President Nancy C. Cole 

NCC Engineering 

Vice President Dean R. Wilson 

Kimberly-Clark Global Safety 

Treasurer Robert G. Pali 

J. P. Nissen Co. 

Executive Director Ray W. Shook 

American Welding Society 

Directors 
T. Anderson (At Large), ITW Global Welding Tech. Center 

J. R. Bray (Dist. 18), Affiliated Machinery, Inc. 

J. C. Bruskotter (Past President), Bmskotter Consultmj> Services 

D. B. DeCorte (At Large), RoMan Mfg., Inc. 

G. Fairbanks (Dist. 9), Fairbanks Inspection & Testing Services 

T. A. Ferri (Dist. 1), Thermadyne Industries 

D. A. Flood (Dist. 22), Tri Tool, Inc. 

M. V Harris (Dist. 15), Valley National Gases 

R. A. Harris (Dist. 10), Consultant 

D. C. Howard (Dist. 7), Concurrent Technologies Corp. 

J. Jones (Dist. 17), Thermadyne Industries 

W. A. Komlos (Dist. 20),ArcTech, LLC 

D. Landon (Dist. 16), VermeerMfg. Co. 

R.C.Lamer(Dist.4),ft'ffC.C. 

T. J. Lienert (At Large), Los Alamos National Laboratory 

J. Livesay (Dist. 8), Tennessee Technology Center 

D. L McQuaid (At Large), DL McQuaid & Associates 

V. Y. Matthews (Past President), Lincoln Electric Co. (ret.) 

S. Mattson (Dist. 5), Mattson Repair Sen'ice 

S. P. Moran (At Large), ESAB Welding & Cutting Products 

K. A. Phy (Dist. 6), KA Phy Services, Inc. 

W. R. Polanin (Dist. 13), Illinois Central College 

R. L Richwine (Dist. 14), Ivy Tech State College 

D. J. Roland (Dist. 12), Marinate Marine Corp. 

N. Saminich (Dist. 21), Desert Rose H.S. and Career Center 

N. S. Shannon (Dist. 19), Carlson Testing of Portland 

T. A. Siewert (At Large), NIST 

H. W. Thompson (Dist. 2), Underwriters Laboratories, Inc. 

R.P.Wilcox(Dist. ll),/lCffCo. 

M. R. Wiswesser (Dist. 3), Welder Training & Testing Institute 



The filler metal 

supplier 
that works for you 

• Reduce your inventory—depend on us! 

• Same Day Shipping—worldwide! 

• Packing list, MTR, MSDS and tracking numbers 

available on our website—24 hours a day! 

and the brand you can rely on! 
Chemical composition of every heat is tested and 

verified using the latest XRF technology 

Internationally recognized and approved products 

ISO 9001:2008 certified company 

TEL: 800-562-3355 • TEL: 225-273-4800 • FAX: 225-273-4814 • www.oxfordalloys.com • Email: sales(aoxfordalloys.com 

BATON ROUGE • CHICAGO • HOUSTON 

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



General Motors North America President 
Mark Reuss (left) greets Michigan Gov. Rick 
Snyder at Flint Assembly. (Photo by John F. 
Martin for General Motors.) 

PRESS TIME 
NEWS 

GM to Add Third Shift, 750 Jobs at Flint Assembly 

General Motors (GM) will add a third shift 
at its Flint Assembly in Flint, Mich., gener- 
ating 750 jobs for the plant that makes the 
Chevrolet Silverado and GMC Sierra pickup 
trucks. This shift is expected to start in the 
third quarter with employees starting to ar- 
rive in the second quarter. Presently, the plant 
employs nearly 2100 hourly and salaried em- 
ployees and operates two production shifts. 

"Adding a third shift is a response to cus- 
tomer demand for heavy-duty pickups, which 
most people use to tow, haul, and plow," said 
Mark Reuss, president of GM North Amer- 
ica. "Equally importantly, it brings jobs and 
a needed economic boost to the Flint area." 

Initial openings will be filled by recalled 
laid off Flint Assembly employees currently 

working at other facilities, primarily in Lansing. Remaining openings will be filled by laid- 
off employees in the area, including those from Orion, Willow Run, and Warren in accor- 
dance with the United Auto Workers GM National Agreement. No new employees are ex- 
pected to be hired. 

Dantherm Filtration Joins Nederman Group, Changes Name 

Dantherm Filtration, Thomasville, N.C., recently changed its name to Nederman. 
Last year, the company became a part of the Nederman Group headquartered in Swe- 
den. Joining with Nederman has created the largest industrial air filtration company in 
the world, according to the company. 

Nederman has sales offices in 25 countries and agents in 30 more. Its product lines 
include dust, mist, and fume collectors; vehicle exhaust extraction; fume arms; safety 
devices; high- and industrial-vacuum units; and on-tool extraction. 

Ameron to Construct New Steel Pole Plant 

Ameron International Corp. plans to construct a new steel pole plant in Tulsa, Okla. 
The capital investment for the 75,000-sq-ft facility is expected to total approximately 
$35 million, and the plant should be operational within two years. The facility will in- 
clude a proprietary manufacturing process and, when fully operational, it will have an 
annual sales capacity of up to $75 million. This initiative focuses on the national trans- 
portation infrastructure market for applications, such as highway lighting and signage. 

Curtiss-Wright to Acquire BASF's Surface Technologies 

Curtiss-Wright Corp., Parsippany, N.J., through its metal treatment segment, has 
signed a definitive purchase agreement to acquire the assets of the Surface Technolo- 
gies business from BASF Corp. The business is a supplier of metallic and ceramic ther- 
mal spray coatings primarily for the aerospace and power-generation markets. In 2010, 
it generated sales of approximately $29 million and has approximately 150 employees at 
its facilities in East Windsor, Conn.; Wilmington, Mass.; and Duncan, S.C 

Lincoln Electric Acquires Arc Products 

Lincoln Electric Holdings, Inc., Cleveland, Ohio, acquired substantially all of the as- 
sets of Arc Products, a privately held manufacturer of orbital welding systems and weld- 
ing automation components based in southern California. Arc Products has annual sales 
of approximately $5 million and employs more than 40 people. 

"Orbital welding is one of the fastest growing segments of our industry," said John 
M. Stropki, Lincoln's chairman and chief executive officer. "Arc Products has a robust 
and cost-effective line of orbital welding products that, combined with Lincoln's ad- 
vanced welding power sources and applications engineering expertise, will allow us to 
quickly build a global leadership position in this important segment."^ 
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NEWS OF THE 
INDUSTRY 

President Obama Tours Wind Turbine Manufacturing Faciiity 
President Barack Obama underscored themes from his state of the union 

speech regarding jobs creation, innovation, and global competitiveness when 
he recently visited Broadwind Energy, Inc.'s, wind turbine tower manufac- 
turing facility in Manitowoc, Wis. The company and its more than 800 em- 
ployees are playing an important role in the clean energy industry, stimulat- 
ing local economies and driving innovation in the United States. 

During the visit. President Obama saw how a wind turbine tower is manu- 
factured from raw plate steel through the process of forming, welding, paint- 
ing, and moving a completed tower section, which could weigh up to 200 
tons. Broadwind Energy President and CEO Peter C. Duprey, Broadwind 
Towers President Paul Smith, and plant manager Chris Wallander led the 
tour. 

"We were honored to host President Obama and demonstrate clean en- 
ergy jobs and innovation in action," said Duprey. 

Once a manufacturing plant for World War II-era submarines, the 250,000- 
sq-ft facility was revitalized by Broadwind Towers (Tower Tech), stimulating 
the local economy through hiring 300 people. Currently, the facility is run- 
ning at near capacity and when combined with its tower manufacturing fa- 
cilities in Abilene, Tex., and Brandon, S.Dak., the company has the potential 
to produce up to 1500 MWs of wind turbine towers annually. 

Manitowoc is an example of a U.S. community rebounding from economic 
hardship by applying existing talent to new problems, in this case tapping 
deep roots in steel fabrication to create the tall steel towers that enable wind 
turbines to capture maximum wind energy. 

At Broadwind Towers, an employee cuts steel to create a wind turbine tower. 
The company has stimulated the local Manitowoc, Wis., economy by hiring 
300 people. 

Commercial Diving Academy OffersNew 
Programs for Weiding, Air/Mixed Gas 

Commercial Diving Academy (CDA), Jacksonville, Fla., has 
two new programs that prepare students for careers in the mar- 
itime welding and commercial diving industries. 

The academy's 16-week Maritime Welding Program offers 
training in underwater welding, shipfitting, thermal cutting, crane 
operations, confined spaces, hazardous materials handling, first 
aid, rigging, weld inspection, and offshore safety and survival. 

The program certifies students in the following areas: Ameri- 
can Welding Society (AWS) Certificate of Completion — Certi- 
fied AWS Entry Level Welder; AWS SENSE Entry Level Welder 
Oualification in shielded metal, flux core, and gas metal arc weld- 
ing; American Petroleum Institute (API) Offshore Safety and 
Survival Certificate; API RP2D Rigging Certificate; National 
Center for Construction, Education and Research Core Curricu- 
lum Certification; Divers Alert Network First Aid/CPR, AED, 
and O2 Provider; Hazardous Material Handling; and CDAs Mar- 
itime Welding Diploma. 

The Air/Mixed Gas Commercial Diving Program lasts 20 
weeks. It qualifies students to receive certifications from the fol- 
lowing: Unrestricted Surface Supplied Diving Certification from 
the Diver Certification Board of Canada; Commercial Diving 
Certification from the Association of Commercial Diving Edu- 
cators; and Commercial Diving Certification from the Associa- 
tion of Diving Contractors International. 
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Students are shown practicing their underwater welding on the and 
cutting skills. (Photos courtesy of Commercial Diving Academy.) 

The academy is recognized by the Accrediting Council for 
Continuing Education and Training and licensed by the Florida 
Department of Education. For more information, visit 
www. commercialdivingacademy com. 

Wolfgang Tillmann Honored with the 
First Erich-Lugsoheider-Award 

During the 9th International Conference on Brazing, High 
Temperature Brazing and Diffusion Bonding (LOT 2010), the 
Erich-Lugscheider-Award was presented for the first time to Pro- 
fessor Dr.-Ing. Dipl.-Wirt. Ing. Wolfgang Tillmann from TU Dort- 

Prof. Dr.-Ing. Kirsten Bobzin (left), head of the Surface Engineer- 
ing Institute of RWTH Aachen University and director of the Friends 
of the Surface Engineering Institute, presents a check to Prof. Dr.- 
Ing. Dipl.-Wirt. Ing. Wolfgang Tillmann, head of the Institute of 
Materials Engineering of Dortmund Technical University, winner 
of the Erich-Lugscheider-Award. (Photo courtesy ofM. Weinreich, 
DVS.) 

mund University, Germany. He won a 5000 euro prize offered 
by the German Welding Society (DVS), Innobraze GmbH, Lis- 
temann AG, and Umicore AG & Co KG. 
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This award by the Friends of the Surface Engineering Insti- 
tute is presented to individuals rendering outstanding services to 
the international network of brazing technology and knowledge 
exchange. The commission's goal is to promote initiatives mak- 
ing it possible for young scientists to exchange experiences. The 
award will be assigned every three years within the LOT The 
LOT program committee accepts the award nomination, and the 
jury, composed by the award donors, decides the winner. 

Erich Lugscheider taught and researched at the RWTH 
Aachen University from 1975 to 2005. His international involve- 
ment includes joint research projects, industry cooperations, and 
collaboration with international societies for setting up and or- 
ganizing conferences. 

Chrysler Group Celebrates Production 
Launch at Windsor Assembly Plant 

Joined by Chrysler Group CEO Sergio Marchionne, govern- 
ment officials, and the Canadian Auto Workers leadership, em- 
ployees at the Windsor Assembly Plant recently celebrated the 
launch of producing the new 2011 Dodge Grand Caravan and 
Chrysler Town & Country. 

In his talk, Marchionne reminded employees that with the as- 
sistance of Canada's federal government and the Province of On- 
tario, Chrysler has been given an opportunity to create a future. 

"Chrysler Group owes a deep debt of gratitude to taxpayers 
in Canada and the U.S. for the loans that enabled a re-energized, 
restructured company to emerge in June 2009. We recognize we 
have a moral responsibility to fulfill our promises, justify these 
investments, and pay back every penny that was loaned to us," 
Marchionne said. 

In preparation for the launch of the 2011 Dodge Grand Car- 
avan and Chrysler Town & Country, the company has invested 

Chrysler Group CEO Sergio Marchionne addresses employees at 
the Windsor Assembly Plant. He's on stage with (from right) Chrysler 
Canada President/CEO Reid Bigland; Windsor Plant Manager Mar- 
cel Breault; Ontario Minister of Finance Dwight Duncan; Ontario 
Minister of Economic Development and Trade Sandra Pupatello; 
Windsor Mayor Eddie Francis; and Canadian Auto Workers Presi- 
dent Ken Lewenza. (Photo courtesy of Chrysler Group EEC.) 

more than $1.4 billion since 2008 for assembly, stamping, mate- 
rial handling, tooling, and improvements to the Windsor paint 
shop. Currently, Windsor is the only Chrysler Group assembly 
plant operating on three shifts with more than 4400 employees. 

Also present at the event were Chrysler Canada President and 
CEO Reid Bigland, Ontario Minister of Economic Development 
and Trade Sandra Pupatello, Ontario Minister of Finance Dwight 
Duncan, Windsor Mayor Eddie Francis, Canadian Auto Work- 
ers President Ken Lewenza, and other local officials. 
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Tube Cutting Facility Opens at Ohio Laser 

Ohio Laser's new laser tube and pipe cutting facility in Plain City, 
Ohio, features a Trumpf laser tube cutting system as well as a ten- 
ton overhead crane that enables quick materials transfer. 

Ohio Laser LLC, Plain City, Ohio, has opened a new dedi- 
cated laser tube and pipe cutting facility on its ISO-9001:2008 
manufacturing campus. Original equipment manufacturers can 
streamline their production of tubes and pipes at one location. 

This building features a 3600-W Trumpf TruLaser 7000 tube 
cutting system, 3000-W Trumpf Tubematic 5000 system, raw ma- 
terial storage, and a ten-ton overhead crane to make the trans- 
fer of materials fast and easy. The company's custom tube fabri- 
cating services include CNC tube bending, robotic tube welding, 
machining, and manual welding to process all types of tubes, 
pipes, and other metal components. 

The facility offers manufacturers tube cutting of outside di- 
mensions between 0.6- through 8-in. square tubes and 10-in. 
round tubes. Also, the company offers laser tube cutting of tubes 
up to 30 ft long, weighing a maximum of 500 lb, and up to lA in. 
wall thickness. 

industry Notes 

• Spectra-Physics®, Santa Clara, Calif., a Newport Corp. brand, 
is celebrating 50 years of laser technologies and products. Ac- 
cording to Spectra, it became the first commercial laser com- 
pany in 1961, less than a year after the invention of the laser. 

• Kapp Alloy & Wire, Oil City, Pa., a solder and spray wire man- 
ufacturer, received a $7500 grant from the Department of En- 
vironmental Protection to upgrade the heating and ventilation 
system in its production buildings. 

• Welding machines, assorted helmets, gloves, and accessories 
by Lincoln Electric are featured in The Green Hornet on the 
set of the lab run by the Green Hornet's sidekick, Kato, who 
builds the superhero's automobile and sleeping gas gun. 

• Revstone Industries, LLC, purchased a magnesium die casting 
facility in Chihuahua, Mexico, from Compass Automotive 
Group, LLC, and added a fabrication and stamping facility to 
its campus in San Luis Potosi, Mexico. 

• Thermo Fisher Scientific, Inc.'s, line of Niton XL2 Series 
X-ray fluorescence analyzers has been recognized with a 
GOOD DESIGN™ Award by the Chicago Athenaeum Mu- 
seum. Also, Atlas Copco has won this award for a new design 
language for its Chicago Pneumatic brand that includes indus- 
trial tools. 

— continued on page 113 

X SPECIAL 
METALS 

Welding Products Company LOCAL ACCESS 
to Global Brands 
and Trademarks 
Am«rico»: 
Newton, Houston, 
Toronto, Calgary 
Europe: 
United Kingdom 
Asia Pacific: 
Singapore 
Shanghai 
Middle East 
A India: 
Partner 
Distributors 

1.800.624.3411  • www.specialmetalswelding.com 

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

INCONEL 
INCOLOY 
INCOFLUX 
INCO-CORED 
INCO-WELD 
MONEL 
NI-ROD 
NIMONIC 
DURANICKEL 
686CPT 
725NDUR 

ore trodemorfct of 
th« Spociol MUtolt 
Group of Componies 

WELDING JOURNAL 



INTERNATIONAL 
UPDATE 

ThyssenKrupp to Equip Train Stations in 
China with Elevators 

ThyssenKrupp Elevator installations in the Metro Bejing. (Photo 
© ThyssenKrupp Elevator.) 

ThyssenKrupp Elevator was recently awarded its largest order 
ever to equip train stations in the People's Republic of China 
with passenger transportation systems. The company will manu- 
facture 234 elevators and 637 escalators that will be installed in 
96 different stations. The contract is part of a nationwide pro- 
gram to expand the rail network with eight new lines, including 
links to the cities of Beijing, Shanghai, Nanjing, and Hong Kong. 
More than 12,000 km of new track is either in the planning stage 
or under construction throughout the country. 

The most significant part of the project is a new 1318-km high- 
speed link between Beijing and Shanghai, which is expected to 
open in October. Trains traveling up to 350 km/h will reduce the 
current 10-h trip to around 5 h. ThyssenKrupp Elevator will pro- 
vide 18 stations with 253 installations. All outdoor escalators will 
be fitted with heated entry and exit zones to prevent passengers 
from slipping on ice or snow. The escalators will feature eco- 
friendly LED step gap lighting and an integrated stop-and-go 
function. Whenever there are no passengers on the escalators, 
the units slow to a stop, then start up again when someone passes 
through a light barrier. 

Kemppi Opens Production Facility in India 

Kemppi Oy, a Finnish welding equipment manufacturer, re- 
cently opened a production facility in Chennai, India. It is the 
company's first production unit located outside of Finland. 

The purpose of the new plant is to improve and strengthen 
Kemppi's position in one of the world's most rapidly growing mar- 
kets. The company has been operating in the Indian market since 
the 1970s. 

"We have had good cooperation with local distributors (for a 
long time), but local production is also necessary in order to get 
properly established in the Indian market," said Anssi Rantasalo, 
Kemppi CEO. "We want to serve our Indian customers even bet- 
ter and strengthen our strategic position in the area." 

The subsidiary will initially produce only HiArc M400i gas 
metal arc welding machines. Staff from the new facility have been 
in Finland for training. The new facility includes training facili- 
ties, which will be expanded in the near future, and will also han- 
dle sales, delivery, and service operations. 

Hyundai Heavy Industries to Build Super- 
Heavy Transportation Vessel 

Hyundai Heavy Industries recently won an order to build a 
$240 million semi-submersible heavy transportation vessel from 
Dockwise of The Netherlands. The vessel will measure 275 m 
long, 70 m wide, and 15.5 m in depth with a carrying capacity of 
more than 110,000 tons. Upon completion in the last quarter of 
2012, it is expected to be the world's largest semi-submersisible 
heavy transportation vessel. 

It has been designed to transport more than 110,000 tons of 
offshore oil and gas production facilities including Floating, Pro- 
duction, Storage, and Offloading (FPSO) units. Two or three tug- 
boats usually transport FPSOs from shipyards to operating sites, 
taking months for the vessels to be installed on the sites. This 
new super-heavy vessel is expected to halve the delivery time. 

Technip Launches Floating Wind Turbine Project 

Technip, Paris, France, in asso- 
ciation with Nenuphar, Con- 
verteam, and EDF Energies, is 
launching the Vertiwind project, 
which will test a prototype of a 
vertical-axis offshore floating 
wind turbine. The Vertiwind con- 
cept is free of the constraints re- 
lated to the foundations of fixed 
wind turbines, and offers new pos- 
sibilities for wind farms offshore 
in numerous countries in the 
Mediterranean basin, Europe, 
and the United States. 

Technip will be responsible 
for the design of the floater, 
mooring system, dynamic elec- 
trical connection cable, turbine 
integration, and on-site instal- 
lation. Other partners in the 
project are Seal Engineering, 
ISITV, IFT Energies nouvelles. 
Arts et Metiers, Bureau Veritas, 
and Oceanide. Technip de- 

signed, fabricated, and installed Hywind, an industrial-sized 
floating wind turbine for Statoil in Norway. 

Kyokutoh Opens Facility in Munich, Germany 

Kyokutoh Co. Ltd., Nagoya, Japan, recently expanded its 
global automotive business by establishing Kyokutoh Europe 
GmbH, Munich, Germany. The location was chosen to service 
existing and new customers for its electrode tip dressing equip- 
ment for robot welding products. 

The company has had a presence in Europe since the mid- 
1990s and has made this investment in parallel with opening an- 
other operation in Thailand. 

The family owned and operated company was established in 
1953. It first produced gas metal arc welding nozzles, and manu- 
factured many copper welding components over the years before 
developing a range of spot welding tip dressing equipment in the 
mid-1980s. Additional information is available at 
www.kyokutoh.eu.+ 

An artist's rendering of the Ver- 
tiwind, a vertical-axis offshore 
floating wind turbine. (Photo 
©Technip.) 
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STAINLESS 
Q&A BY DAMIAN J. KOTECKI 

Q: Two readers, one from England and 
one from India, provided essentially the 
same comment to the January 2011 Stain- 
less Q&A column. Both noted that, while 
AWS limits manganese in the 310 compo- 
sition to 2.5% maximum, various interna- 
tional standards permit considerably 
more Mn in this type of composition than 
do the AWS standards. This higher Mn 
content makes the fully austenitic weld 
metal more resistant to solidification 
cracking. Then it may not be necessary to 
replace E310-16 electrodes, which are 
more welder-friendly, with E310-15 elec- 
trodes for a highly restrained complete 
joint penetration fillet weld in 310 base 
metal. 

A: The ability of manganese to enhance 
solidification cracking resistance in fully 
austenitic stainless steel weld metal is 
fairly well known. European and other 
standards have, for many years, permitted 
more than 2.5% Mn in 310-type weld 
metal deposits. EN 1600:1997 is the Euro- 
pean standard currently addressing stain- 
less steel covered electrodes. In 2003, a re- 
vised ISO 3581 was published as a cohab- 
itation standard (European classifications 
and classifications used by countries 
around the Pacific Rim including AWS, 
Japanese, Canadian, and Australian clas- 
sifications, existing side by side). In this 
system, ISO 3581-A classifies products 
under the European designation system, 
while ISO 3581-B classifies products 
under designation systems used in Pacific 
Rim countries. An amendment to ISO 
3581 was published in January of this year, 
and there is every reason to expect the 
amended standard will be adopted by the 
European Union countries as EN ISO 
3581 to replace EN 1600:1997. 

At its September 2010 meeting, the 
AWS A5D Subcommittee on Stainless Steel 
Filler Metals approved a motion that, after 
the currently underway revision of AWS 
A5.4 is published, probably this year, the 
Subcommittee will undertake adoption of 
the ISO 3581 standard as an AWS standard 
to replace AWS A5.4. Completion of that 
action may take a few years, but it complies 
with the policy of the AWS board of direc- 
tors to adopt ISO standards as AWS stan- 
dards when the ISO standard is found to be 
suitable for United States industry. 

It is of interest to compare the compo- 
sition and other requirements for AWS 
A5.4 E310-15 and E310-16 with those of 
the comparable compositions in the ISO 
3581 standard. The composition require- 
ments are compared in Table 1. It can eas- 
ily be seen that the composition require- 
ments for E310-XX in AWS A5.4 and in 

Table 1 — Weld Metal Composition Requirements of AWS A5.4 and of ISO 3581 for E310-XX 
and E 25 20 XX Stainless Steel Covered Electrodes 

Electrode Chemical Composition (wt-%) single values are maxima 
Classification C Mn P S Si Cr Ni Mo Cu Other 

AWS A5.4 0.08 1.0 25.0 20.0 
E30-15 or to to to to 
E310-16 0.20 2.5 0.03 0.03 0.75 28.0 22.5 0.75 0.75 0.75 

ISO 3581-A 0.08 1.0 25.0 20.0 
E310-15 or to to to 
E310-16 0.20 2.5 0.03 0.03 0.75 28.0 22.5 0.75 0.75 0.50 

ISO 3581-B 0.06 
to 

1.0 
to 

0.030 0.025 1.2 2.3 
to 

18.0 
to 

0.75 0.75 0.50 

E 25 20 XXX 0.20 5.0 27.0 22.0 

Table 2 — Usability Requirements of AWS A5.4 and ISO 3581-B for E310-XX and of ISO 3581-A 
E 25 20 XXX Stainless Steel Covered Electrodes 

Electrode Classification   Type of Covering     Nominal Electrode     Current    Welding Position 
Efficiency (%) 

AWS A5.4 
E310-15 

not specified, 
customarily 

Basic3 

not specified DC All except 
vertical down 

ISO 3581-B 
E310-15 

Basic3 not specified DC All except 
vertical down 

ISO 3581-A Basic3 105 max DC All except 

E 25 20 B 2 2b 

AWS A5.4 
E310-16 

not specified, 
customarily 

rutilec 

not specified AC and DC 
vertical down 

All except 
vertical down 

ISO 3581-B 
E310-16 

mtilec not specified AC and DC All except 
vertical down 

ISO 3581-A rutilec 105 max AC and DC All except 

E 25 20 R 1 2d vertical down 

a. Basic means composed largely of CaC03 and CaF2. 
b. Other digits than the chosen "2" can be used to specify DC welding with different levels of nominal elec- 
trode efficiency. The chosen "2"is most likely closest to E310-15 as manufactured in the United States. 
c. Rutile means composed largely of TiC^. 
d. Other digits than the chosen "1" can be used to specify AC and DC welding with different levels of nominal 
electrode efficiency. The chosen "1" is most likely closest to E310-16 as manufactured in the USA. 

Table 3 — Mechanical Property Requirements of AWS A5.4 and ISO 3581-B for Weld Metal 
Deposited by E310-XX and of ISO 3581-A for Weld Metal Deposited by E 25 20 X X X 
Stainless Steel Covered Electrodes 

Electrode 
Classification 

Tensile Strength 
ksi            MPa 

Yield Strength 
ksi            MPa 

% 
Elongation 

AWS A5.4 80 550 Not Not 30a 

E310-XX 

ISO 3581-B 80 550 

Specified 

Not 

Specified 

Not 25b 

E310-XX 

ISO 3581-B 80 550 

Specified 

50 

Specified 

350 20b 

E 25 20 X X X 

a. Elongation is based upon a tensile specimen gauge length to diameter ratio of 4:1. 
b. Elongation is based upon a tensile specimen gauge length to diameter ratio of 5:1. 
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ISO 3581-B are identical except for the 
tramp elements in the "Other" column. 
Furthermore, there is a great deal of over- 
lap between E310-XX and E 25 20 X X X 
composition requirements. The most no- 
table difference between E310-XX and E 
25 20 X X X requirements is that E310- 
XX is limited to 2.5% Mn maximum, while 
E 25 20 X X X is limited to 5.0% maxi- 
mum. In commercial embodiments of 
E310-XX, the Mn is normally about 2%, 
in my experience, while in E 25 20 X X X, 
Mn is normally about 3.5%. 

AWS A5.4 and ISO 3581 also contain 
usability requirements for these types of 
electrodes. AWS A5.4 and ISO 3581-B use 
two digits, written as "-XX" above, to des- 
ignate usability, while ISO 3581-A uses 
three digits, written as "X X X". The extra 
usability designator of ISO 3581-A, which 
is the second of the three designators, de- 
scribes "nominal electrode efficiency" 
which is the deposited weld metal weight 
divided by the consumed core wire weight, 
expressed as a percent, and whether the 
electrode us usable with AC current or 
not. This "nominal electrode efficiency" is 
of interest to Europeans because elec- 
trodes are often sold by the number of 
electrodes in a package instead of the 
weight of electrodes in a package as is 
commonly done in the United States. 

These usability requirements are com- 
pared in Table 2. It can be seen that us- 
ability requirements are essentially identi- 
cal for the AWS A5.4 and ISO 3581-B clas- 
sifications, and the ISO 3581-A classifica- 
tions can easily be chosen to match the 
AWS A5.4 and ISO 3581-A classifications. 

Lastly, AWS A5.4 and ISO 3581 con- 
tain requirements for mechanical proper- 
ties of deposited weld metal from these 
types of electrodes. These are compared 
in Table 3. It can be noted that AWS A5.4 
and ISO 3581-B do not include require- 
ments for weld metal yield strength of the 
E310-XX classification, but ISO 3581-A 
does include a requirement for weld metal 
yield strength of E 25 20 X X X classifica- 
tion. The tensile strength requirements 
are identical. The elongation require- 
ments appear to be different for AWS 
A5.4 E310-XX vs. ISO 3581-B E310-XX 
weld metal, but that is because the gauge 
length-to-diameter ratios of the respective 
tensile specimens are different. In fact, the 
requirements are essentially identical 
when the different tensile specimens di- 
mensions are taken into account. The 
elongation requirement for the ISO 3581- 
A E 25 20 X X X is a bit less than for the 
others, but still quite acceptable for most 
engineering applications. 

In conclusion, the ISO 3581-A classifi- 

cation E 25 20 R 1 2, or something similar 
in the E 25 20 R X 2 classification types, 
where the "X" stands for other nominal 
electrode efficiency than 105% maximum, 
is a viable alternative to the E310-15 elec- 
trode of AWS A5.4 and ISO 3581-B. The 
rutile coating of the E 25 20 R X 2 classi- 
fications is more welder-friendly than the 
basic coating of the E310-15, and the so- 
lidification cracking resistance is better 
than that of the AWS A5.4 or ISO 3581-B 
E310-16 classification.* 

DAMIAN J. KOTECKI is president, 
Damian Kotecki Welding Consultants, Inc. 
He is a past president of the American Weld- 
ing Society, currently treasurer and a past 
vice president of the International Institute 
of Welding, and a member of the AWS A5D 
Subcommittee on Stainless Steel Filler Met- 
als, and the AWS D1K Subcommittee on 
Stainless Steel Structural Welding. Dr. 
Kotecki is a member and past chair of the 
Welding Research Council Subcommittee 
on Welding Stainless Steels and Nickel- 
Base Alloys, and a past chair of the A5 
Committee on Filler Metals and Allied Ma- 
terials. E-mail your questions to 
damian@damiankotecki.com or mail to 
Damian Kotecki, do Welding loumal, 550 
NWLeleune Rd., Miami, FL 33126. 
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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 



(please type or print in black ink) 

CLASS OF 2012 

FELLOW NOMINATION FORM 

DATE NAME OF CANDIDATE 

AWS MEMBER NO. YEARS OF AWS MEMBERSHIP. 

HOME ADDRESS  

CITY STATE ZIP CODE PHONE_ 

PRESENT COMPANY/INSTITUTION AFFILIATION  

TITLE/POSITION  

BUSINESS ADDRESS 

CITY STATE ZIP CODE PHONE. 

ACADEMIC BACKGROUND, AS APPLICABLE: 

INSTITUTION  

MAJOR & MINOR. 

DEGREES OR CERTIFICATES/YEAR. 

LICENSED PROFESSIONAL ENGINEER:   YES NO  STATE. 

SIGNIFICANT WORK EXPERIENCE: 

COMPANY/CITY/STATE  

POSITION YEARS. 

COMPANY/CITY/STATE  

POSITION YEARS. 

SUMMARIZE MAJOR CONTRIBUTIONS IN THESE POSITIONS: 

IT IS MANDATORY THAT A CITATION (50 TO 100 WORDS, USE SEPARATE SHEET) INDICATING WHY THE NOMINEE SHOULD BE 
SELECTED AS AN AWS FELLOW ACCOMPANY NOMINATION PACKET. IF NOMINEE IS SELECTED, THIS STATEMENT MAY BE IN- 
CORPORATED WITHIN THE CITATION CERTIFICATE. 

SEE GUIDELINES ON REVERSE SIDE 
SUBMITTED BY:  PROPOSER AWS Member No.  

Print Name  
The Proposer will serve as the contact if the Selection Committee requires further information. Signatures on this nominating form, or 
supporting letters from each nominator, are required from four AWS members in addition to the Proposer. Signatures may be acquired 
by photocopying the original and transmitting to each nominating member. Once the signatures are secured, the total package should 
be submitted. 

NOMINATING MEMBER: NOMINATING MEMBER:  
Print Name  Print Name  

AWS Member No.  AWS Member No.  

NOMINATING MEMBER: NOMINATING MEMBER:  
Print Name  Print Name  

AWS Member No.  AWS Member No.  

SUBMISSION DEADLINE July 1, 2011 



American Welding Society 

Fellow Description 

DEFINITION AND HISTORY 
The American Welding Society, in 1990, established the honor of Fellow of the Society to recognize members for 

distinguished contributions to the field of welding science and technology, and for promoting and sustaining the professional 
stature of the field. Election as a Fellow of the Society is based on the outstanding accomplishments and technical impact of the 
individual. Such accomplishments will have advanced the science, technology and application of welding, as evidenced by: 

* Sustained service and performance in the advancement of welding science and technology 
* Publication of papers, articles and books which enhance knowledge of welding 
* Innovative development of welding technology 
* Society and chapter contributions 
* Professional recognition 

RULES 
1. Candidates shall have 10 years of membership in AWS 
2. Candidates shall be nominated by any five members of the Society 
3. Nominations shall be submitted on the official form available from AWS Headquarters 
4. Nominations must be submitted to AWS Headquarters no later than July 7 of the year prior to that in 

which the award is to be presented 
5. Nominations will remain valid for three years 
6. All information on nominees will be held in strict confidence 
7. No more than two posthumous Fellows may be elected each year 

NUMBER OF FELLOWS 
Maximum of 10 Fellows selected each year. 

AWS Fellow Application Guidelines 

Nomination packages for AWS Fellow should clearly demonstrate the candidates outstanding contributions to the advance- 
ment of welding science and technology. In order for the Fellows Selection Committee to fairly assess the candidates qualifica- 
tions, the nomination package must list and clearly describe the candidates specific technical accomplishments, how they con- 
tributed to the advancement of welding technology, and that these contributions were sustained. Essential in demonstrating the 
candidates impact are the following (in approximate order of importance). 

1. Description of significant technical advancements. This should be a brief summary of the candidates most 
significant contributions to the advancement of welding science and technology. 

2. Publications of books, papers, articles or other significant scholarly works that demonstrate the contributions cited 
in (1). Where possible, papers and articles should be designated as to whether they were published in 
peer-reviewed journals. 

3. Inventions and patents. 
4. Professional recognition including awards and honors from AWS and other professional societies. 
5. Meaningful participation in technical committees. Indicate the number of years served on these committees and 

any leadership roles (chair, vice-chair, subcommittee responsibilities, etc.). 
6. Contributions to handbooks and standards. 
7. Presentations made at technical conferences and section meetings. 
8. Consultancy — particularly as it impacts technology advancement. 
9. Leadership at the technical society or corporate level, particularly as it impacts advancement of welding technology. 

10. Participation on organizing committees for technical programming. 
11. Advocacy — support of the society and its technical advancement through institutional, pol itical or other means. 

Note: Application packages that do not support the candidate using the metrics listed above 
will have a very low probability of success. 

Supporting Letters 
Letters of support from individuals knowledgeable of the candidate and his/her contributions are encouraged. These 

letters should address the metrics listed above and provide personal insight into the contributions and stature of the 
candidate. Letters of support that simply endorse the candidate will have little impact on the selection process. 

Return completed Fellow nomination package to: 

Wendy S. Reeve 
American Welding Society 
Senior Manager 
Award Programs and Administrative Support 
550 N.W. Lejeune Road 
Miami, FL 33126 

Telephone: 800-443-9353, extension 293 

SUBMISSION DEADLINE: July 1, 2011 
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RWMA 
Q&A BY DONALD F. MAATZ JR. 

Q: A review of AWS Cl.l, Recommended 
Practices for Resistance Welding, does not 
appear to fully address the various as- 
pects of weld quality with regard to forged 
projection weld nuts. Any insight you 
could provide would be appreciated. 

A: As with all other types of inspection 
methodologies, the testing regimen of fas- 
tener projection welds consists of both de- 
structive and nondestructive elements 
(refer to page 20 of the January Welding 
Journal for a discussion in the RWMA 
Q&A of the nondestructive testing ele- 
ments). Those elements that comprise the 
nondestructive testing portion of the eval- 
uation process may be applied to every 
part or may be used as part of an in-depth 
inspection that is performed on a periodic 
basis. The parts inspected by means of 
these nondestructive elements are suit- 
able for the end user, or customer, after 
the evaluation is completed. The elements 
associated with the destructive evaluation 
processes are typically applied in a "book- 
end" philosophy whereby all of the parts 
produced between each inspection are 
considered acceptable if the evaluation it- 
self is acceptable. This type of inspection 

Fig. 1 —A — Example of a projection weld that did not pull the base material. Push-off 
value ~ 13,000 lb. Welded at 51 kA, all other parameters consistent with Fig. 2A. B — FLX- 

ample of weld nut that did not pull the base material, metallurgical sample from Fig. 1A. 

methodology relies on the assumption 
that the assembly process has been certi- 
fied in some manner as to the consistency 
of the force and current it delivers as well 
as the resultant weld that is produced. 
Also, by the very nature of the destructive 
evaluation process, the inspected parts are 
not suitable for the end user and must be 
treated as scrap. This fact alone can drive 
costs up significantly in the evaluation 
process and is often the motivation to uti- 
lize as many nondestructive elements as 

possible in any inspection regimen. An im- 
portant point to remember is that regard- 
less of how they are applied, the nonde- 
structive elements are typically validated 
and periodically verified by means of some 
form of destructive evaluation. 

Destructive Quality Elements 

Push-Off/Pull-Through Strength. The 
effort required to separate a fastener from 
the base material it has been welded to is 
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Fig. 2 —A — Example of projection weld that did pull the base material. Push-off value 
~ 19,000 lb. Welded at 55 kA, all other parameters consistent with Fig. 1A. B — Example 
of projection weld that did pull the base material, metallurgical sample from Fig. 24. 

the most common destructive test speci- 
fied. Although it may not be completely 
representative of the actual loading con- 
dition, it has the benefit of providing a 
quantitative number that can be used to 
evaluate the quality of the product — Figs. 
1A, 2A. As in all quality checks, care must 
be taken to ensure that the methods used 
to determine fastener strength are sound 
and replicable. Items such as the hold- 
down fixture, the amount of base mate- 
rial surrounding the fastener and push-off 
ram velocity can alter the results, some- 
times to a significant degree. The poten- 
tial weld strength associated with a fas- 
tener will generally increase with the pro- 
jection size and/or number. Note that 
these values will vary due to any inherent 
design differences from one type of fas- 
tener to the next. The vast majority of pro- 
jection welding (PW) standards do not ac- 
count for the substrate in their push-off 
requirements but instead use a single 
number as the established minimum 
strength for a given size fastener. This 
method of one size fits all could prove to 
be problematic as the gauge and/or 
strength of the substrate changes for a par- 
ticular fastener. 

Projection/Button Weld Size. The typ- 
ical solid-state bond formed during the 
welding process of these fasteners can be 
quite strong and very capable of produc- 
ing evidence of fused metal upon destruc- 
tive evaluation. The evidence of fused 
metal most commonly desired is that of a 
weld button pulled from the base metal, 
with the resultant hole left over. Unfor- 
tunately, due to the many possible com- 
binations of projection type, size, and base 
metal it may not always be possible to pull 
a button. It is these types of applications, 
where it may not be possible to produce 
buttons, that have tested the resolve of 
more than a few folks in the welding in- 
dustry. The best method for achieving a 
button is by means of a push-off. This fact, 
combined with the ability to obtain the ac- 
tual strength values noted above, explains 
why the push-off test is the most fre- 
quently utilized destructive evaluation 
employed to evaluate a welded fastener. 

A reasonable acceptance criterion for the 
required button size is 70% of the projec- 
tion base. The reality is that it is not al- 
ways possible to produce a button and the 
evaluation process must be able to char- 
acterize any fracture modes that present 
themselves as a result of the parts being 
separated. This difficulty in obtaining 
measurable buttons explains why the ma- 
jority of PW standards only specify a 
strength and not a weld size. 

Torque to Failure. As with the nonde- 
structive torque test, the fastener must be 
able to support the application of a load 
to its exterior surface. Testing of round 
fasteners or attempting to apply a load to 
the threaded portion of any fastener is not 
advised. An additional consideration is 
that the torque-to-failure method of sep- 
arating the parts does not lend itself to 
producing a weld button. However, a le- 
gitimate area of concern is that a torque 
test can instill a false sense of confidence 
regarding the integrity of the bond, par- 
ticularly when the fastener is welded to 
coated materials. The reason is that the 
torque test is typically applied in a con- 
trolled manner and places the weld in 
shear. This situation makes it possible for 
the bond to exhibit a significant amount 
of strength, but then another, apparently 
identical, part will literally fall apart if the 
sample is dropped on the floor. The above 
example is a real world, albeit rare case, 
that reinforces the need for the following: 
1) to not place too much reliance on a sin- 
gle type of inspection, and 2) ensure that 
the values specified for any inspection are 
meaningful for the application. 

Metallographic. The utilization of 
metallographic analysis is, beyond some 
of the obvious issues of the time and cost 
for sample preparation, one of the least 
utilized methods for determining the in- 
tegrity of a fastener weld. The basic rea- 
son for this is the fact that the vast major- 
ity of forged fasteners, when welded prop- 
erly, do not exhibit the metallographic ev- 
idence one would typically see from other 
welding operations. In other words, the 
recast structure associated with a resist- 
ance spot weld, or other type of welding. 
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Correction 

The text of the article titled Why Preheat?, which began on page 107 of the Feb- 
ruary Welding Journal, discussed typical structures found in the heat-affected zone 
(HAZ) of a welded joint and referred to Fig. 2. However, the three zones were not 
labeled in the figure. Included here is the corrected Fig. 2. 

, 

.~~A 'v.r 

Fig. 2 — Typical metallurgical structures found in the HAZ of a welded joint. Zone 1 has 
been coarsened by the welding process and consists of a needlelike martensitic structure; 
Zone 2 has been refined by the heat incident to the welding operation; and Zone 3 is a 
transition zone. (Photo courtesy of the Hobart Institute of Welding Technology, Troy, 
Ohio.) 

will most likely not be present. In its place 
will be a solid line that separates the fas- 
tener from the base material, each with a 
clearly defined heat-affected zone. The 
solid line represents the location of a 
solid-state bond. The real problem is that 
the image of an acceptable weld does not 
look that much different from that of an 
unacceptable weld, thus making a true de- 
termination as to the actual quality diffi- 
cult — Figs. IB, 2B. 

Despite the challenges mentioned pre- 
viously, proper evaluation of welds asso- 
ciated with forged or coined fasteners can 
be accomplished and serve as a significant 
aid in the creation, verification, and main- 
tenance of a robust and capable welding 
process. However, since it is possible to 
misinterpret the results of an inspection 
and move forward with a false sense of se- 
curity, care must be taken to ensure that 
a methodological and thorough process 
is used when setting up the inspection pro- 
gram and evaluating its effectiveness. The 
most successful weld quality and inspec- 
tion programs are built in layers so that 
placing too much emphasis on one single 
evaluation is avoided. Think of it this way: 
even with all of the advances in automo- 
bile tire technology, it still is a good idea 
to have a spare. ♦ 
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NONDESTRUCTIVE TESTING OF WELDS 
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NEW 
PRODUCTS 

Air/Fuel Tips Increase Brazing and Soidering Torch Efficiencies 

Inferno® air fuel tips provide good performance and consistency, 
resulting in improved brazing and soldering flame efficiencies for heat- 
ing, ventilating, and air conditioning/refrigeration as well as plumbing 
contractors. They are compatible with all quick connect air-fuel handles. 
In addition, the tips are designed for use with common fuel gases, includ- 
ing acetylene, propane, and propylene. They are available in a range of 
sizes that can soft solder up to 6 in. and braze up to 4 in. Economical kits 
including handles, hoses, regulators, and tips are also offered. 

The Harris Products Group 
www.harrisproductsgroup.com 
(800) 733-4043 

Metal-Cored Electrodes 
Offer Corrosion Resistance 

The Tri-Mark® Metalloy B2-S and 
Metalloy B3-S are metal cored electrodes 
designed for submerged arc welding on 
chrome-moly steel. They also use Hobart 
HN-511 flux. The B2-S deposits weld 
metal with 1!4% chrome and /4% molyb- 
denum; can be used for high service tem- 
perature applications; and the welds it cre- 
ates maintain good tensile strength in the 
as-welded or postweld heat treated con- 
dition, plus offer corrosion resistance. The 
B3-S provides a weld deposit with 2%% 
chrome and 1% molybdenum, while cre- 
ating weld deposits providing good oxida- 
tion resistance at service temperatures up 
to 800oF. Both are offered in %!, %, and % 
in. diameters in 60-lb coils. 

Hobart Brothers Co. 
www.hobartbrothers.com 
(800) 424-1543 

IR Filter Lenses Come In 
Shades 3.0 and 5.0 

To provide eye protection in light weld- 
ing applications, such as cutting and braz- 

ing, workers should wear safety eyewear 
with infrared radiation (IR) filter lenses. 
The Cover2® IR, a contemporary style, 
features an IR filter shade of 5.0. Other 
spectacle options offering protection in 
shades 3.0 and 5.0 include the StarLite® 
IR and traditional style Strobe™ IR. 
Wheelz™ IR offers a sleek, lightweight 
goggle form. All products meet the ANSI 
Z87.1-I- standard for hazard protection. 

Gateway Safety, Inc. 
www.gatewaysafety.com 
(800) 822-5347 

Wheels Manufactured with 
Three Layers of Fiberglass 

The 3-in-l combination wheels allow 
cutting, grinding, and finishing. By angling 
a right-angle grinder at a 90-deg position, 
it cuts; when positioned at a 30-deg angle, 
it grinds; and when used at a 15-deg angle, 
it finishes. Manufactured with three lay- 
ers of fiberglass and a white aluminum 
oxide grain, the 0.094 thickness wheels 
grind stainless steel and steel. A fiberglass 
net reinforcement adds strength. The 

wheels are contaminant free, containing 
less than 0.1% of iron, sulfur, or chlorine, 
for rust- and corrosion-free results. They 
are available in a Type 27 shape, 36 grit 
size, S grade, and 4/4, 5, and 6 in. diame- 
ters with Vs or 5^-11 arbor holes. 

CGW-Camel Grinding Wheels 
www.cgwheels.com 
(800) 447-4248 

Soldering System Provides 
High Power Stability 

The HighLight FAP 60/810 system for 
plastic welding and soldering, a fiber- 
delivered, turnkey diode laser system, pro- 
vides 60 W of output power at 810 nm. It's 
engineered to deliver process uniformity 
for demanding, high-throughput indus- 
trial applications. The system's output 
characteristics include a high power sta- 
bility (power variations < ±1%) and a 
fast, jitter-free risetime (< 50 micro s). It 
also utilizes a modular fiber delivery sys- 
tem that minimizes downtime. The 15-m 
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delivery fiber is attached to the laser 
source via standard connectors. An inte- 
grated monitor immediately shuts down 
the diode if it detects back-reflected light. 

Coherent, Inc. 
www.coherent.com 
(800) 527-3786 

SMAW Electrodes Feature 
Better Weld Pool Control 

The Atom Arc 7018 Acclaim SMAW 
electrodes provide the deep, penetrating 
arc and mechanical properties of the orig- 
inal Atom Arc 7018 with good control in 
out-of-position welding applications along 
with greater weld pool control and arc ini- 
tiation. They also feature good ease of use 
for novice and experienced welders, a 
wide operating range, minimal cleanup, 
and meet E7018H4R classification. 

ESAB Welding & Cutting Products 
www.esabna.com 
(800) 372-2123 

Brazing Rings Precisely 
Enable Flux Activation 

A triangular-shaped brazing ring for 
the heating, ventilating, and air-condition- 
ing/refrigeration market is seated in the 
hairpin and directs material flow for a 
cleaner, stronger joint with little or no 
overflow. With the patent-pending rings, 
there is more surface area contact be- 
tween the hairpin and return bend, result- 
ing in better heat conduction between all 
components along with precise flux acti- 
vation and dispersion. This results in a 
stronger, better-looking joint that does 
not require cleanup. The flux is noncor- 
rosive, with no binder, so there's no po- 
tential for contamination. It's available in 

AL 718 (88%Al/12%Si) and other alu- 
minum brazing alloys. 

Lucas-MUhaupt, Inc. 
www.lucasmilhaupt.com 
(414) 769-6000 

Stainless Steel Electrodes 
Resist Cracking 

The bare wire and covered Arcos 307 
electrodes are utilized primarily for mod- 
erate-strength welds between dissimilar 
steels such as austenitic manganese and 
carbon. They are also designed to provide 
good crack resistance and are well suited 
for welding automotive exhaust systems 

— continued on page 27 
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New online training and testing for 

AWS Certified Welding Sales Representatives 
Through the AWS Certified Welding Sales Representative program, you can prove you are 
among the most valuable sales professionals in the welding industry. Train and test online at your 
convenience. Try a demonstration module right now at www.americanweldingonline.com 

Here's what sales professionals are saying: 

"Knowledgeable inside and outside salespeople can answer any question when customers call us or walk into our stores. 
We believe that kind of service adds value to what we sell." Bill Pagliaro, ABCO Welding Supply 

"The AWS Certified Welding Sales Representative Program has provided another value added service for 
my internal and external customers." Greg Pierce, WESCO 

"All of my customers have been very impressed with this certification due to the prestige 
and their faith in AWS and their certifications." Robert Koczur, Maine Oxy 

"I consider myself one of the best in the industry. With this certification, I can 
tell everybody, 'Here are my credentials. This is what I know. This is 
what I'm certified in.' That gives me the ability to be one step above 
everybody else. My competitors—none of them have that." ^t^^^ 
Gllly Bunion, Florida Gas Welding Supply 

w« ««<*»> 

•^s*" 

Free demo at www.amerKanweldingonline.com 



In addition to online 
certification, training 
and examination for 
the AWS Certified 
Weiding Saies 
Representative 
program is also offered 
at convenient seminar 
sites, where you can 
benefit from sharing 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 
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Seminar/Exam Sites 

Custom onsite 
programs are also 

available. 
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- continued from page 25 

as well as armor plate. The bare wire elec- 
trodes are available in diameters from 
0.035 to Xe in., while the covered wires are 
from %> to Xs in. 

Arcos Industries, LLC 
www.arcos.us 
(800) 233-8460 

Power Supply Useful for 
Resistance Soldering 

The Uniflow3 power supply was de- 
signed for resistance soldering, heat seal- 
ing, and conductive adhesive bonding ap- 
plications. Using pulsed heat technology, 
it provides targeted heating and precision 
temperature control. Hardware improve- 

ments include a higher LCD display with 
a front panel keypad containing extra 
keys. Process control features include 
three additional heating stages and added 
states for programmable relays. It has 
postheat functions and an idle heat func- 
tion with a warmup. User interface up- 
grades include a graph screen with set- 
table time axis, data screen, commands al- 
lowing actual temperature graph data re- 
trieval, and an input/output status screen. 

Miyachl Unltek Corp. 
www.miyachiunitek.com 
(626) 303-5676 
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Machine Guard System 
Designed with Wire Paneis 

The MATRIX GUARD® machine 
guarding system features welded wire 
mesh modular panels, reinforced with in- 
line folded flutes for rigidity, and high- 
strength seam-welded tubular steel stiff- 
ening posts. Providing protection from in- 
trusion, all of the panel hardware installs 
into slots in the tubular posts in one step 
and just requires a wrench to close the 
panel safety screw afterward. Designed to 
be configured and installed locally to eas- 
ily accommodate floor or wall irregulari- 
ties, it's anchored to the floor through 7.75 
in. sq and 2 x 7.5 in. foot pads that are % 
in. thick and can include a variety of lock- 
able swing and slide doors. 

Wireway Husky Corp. 
www.wirewayhusky.com 
(800) 438-5629 

Soider Paste Works on 
PCB Surface Finishes 

The RMA250 solder paste offers a 
rosin-based chemistry designed to provide 

repeatability and consistency to the print- 
ing process. It also has a good open time, 
extended abandon time, and soldering ac- 
tivity with all surface finishes. The pin 
probable paste features print volume con- 
sistency with surface area ratios as low as 
0.55 when used with the UltraSlic™ sten- 
cil technology. It has a low-voiding/high- 
reliability composition and wide reflow 
window with solderability on various PCB 
surface finishes. Additionally, postprocess 
residues are clear and can be removed 
with a saponifier. 

FCT Assembly 
www.fctassembly.com 
(970) 346-8002 

Verticai Roiis Handie 
4-12ftPiate 

The company's tank rolling processes 
utilize vertical format plate rolls for rolling 
sheet goods or advanced design vertical 
rolls equipped with decoilers to roll tank 
shells continuously from coil stock. The 
pictured machine has an 8 ft x /^ in. capac- 
ity roll built for horizontal and vertical op- 
eration. Vertical rolls and coil systems can 
be enhanced by using other automated 

® CHAMPION WELDING ALLOYS 
Lake Linden, MI 49945 

Toll Free: 800.321.9353   Phone: 216.252.7710   Fax: 216.252.7716 

www.ChampionWeldinq.com       INFCxaChampionWeldinqAlloys.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 

modules that can be tailored or cus- 
tomized to meet parameters. Vertical rolls 
and rolling systems can also be built to 
handle from 4- to 12-ft plate in thicknesses 
from 18 gauge to more than 1 in. 

Carell Corp. 
carellcorp.com 
(251) 937-0948 

Bandsaw Features Doubie 
Arch Frame 

The Model XT320 A-NC double col- 
umn handsaw's control has an automatic 
material sensor to detect the cutoff point 
and material height. In addition, the 3-in. 
minimum leftover material remnant re- 
sults in less scrap. The double-arch frame 
dampens vibration and has greater 
strength along with less flexing and vibra- 
tion. The carbide blade guides run in 
large-diameter bearings for virtually fric- 
tion-free blade movement. The combina- 
tion of a long blade and large band wheels 
results in lower blade fatigue. The saw fea- 
tures a VA-in. blade, blade speeds from 60 
to 360 ft/min, a feeder vise stroke of 22 
in., and a 5-hp, 3-phase motor. It can cut 
up to 12-in. round material and up to 12 
x 13 in. rectangular shapes. 

Kalamazoo Machine Tool 
www.kmtsaw.com 
(269) 321-8860 
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With control that can be selected by 
pushing a button or remotely with pro- 
prietary I-LINK™ communication, the 
automatic 642 Series IntelliSwitch II™ 
features an onboard Web server with em- 
bedded software for remote diagnostics 
and real-time process control. Software 
logic lowers yearly gas costs by eliminat- 
ing liquid can vent loss and excess resid- 
ual return. Applications include argon, 
nitrogen, and oxygen in the primary steel 
industry; argon, carbon dioxide, nitrogen, 
and oxygen in metal fabrication; nitrogen 
and oxygen in the chemical and the refin- 
ing industries; and argon, carbon dioxide, 
nitrogen, or helium in defense and aero- 
space. Specifications include a 40-micron 
filter, maximum inlet pressure of 3000 
lb/in.2, and 0°-140o temperature range. 
Weight is 67 lb, flow capacity is Cv 1.0, 
and power requirements are 110 or 220 
VAC. 

Concoa 
www.concoa.com 
(800) 225-0473 

Oil-Based Coating Useful 
for Belts, Conveyors 

Keralon™-B is for use from ambient 
temperatures to 1000oC. Its lubrication is 
based on dual types of components, the 
organic being a high-flashpoint methy- 
lated seed oil and the inorganic forming 
a ceramic mixture of chemically inert lu- 
bricating phases. In lab testing, it's good 
as an oily mixture at room temperature; 
can be heated to 200oC for 8-10 h; and 
performs well at 500° to 1000oC. The oil- 
based coating allows its application to hot 

or cold surfaces needing lubrication or an 
inert film to protect a substrate from 
reactive materials. The lubricant can be 
considered for any high-temperature ex- 
posed parts or components, including 
belts, conveyers, chains, rollers, and 
hinges/bolts/screws. 

ZYP Coatings, Inc. 
www.zypcoatiiigs.com 
(865) 482-5717 

WELJNM& 
CUSTOM REPRINTS 

Use reprints to 

maximize your 

marketing initiatives 

and strengthen your 

brand's value. 

For additional information, please 
contact Foster Printing Service, 
the official reprint provider for 
Welding Journal. 

FOSTER 
PRINTING SERVICE 

Call 866.879.9144 
or sales@fosterprintlng.com 

mmm m Q m\sm 

► Accredited 
Accredited by ACCE' 

► Montgomery Gl 

► 20-Week Proar 

inanical Aid Available   Underwater Welding 

Dive Medic Technician 

■-■"""" Underwater Burning 
if Available NDTLeve||&|| 

Rigging & Crane 

Operation 

COMMERCIAL   DIVING ACADEMY 
8-578-7865 WWW.CDA.EDU 

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

WELDING JOURNAL 



EPRI P87: A Promising New 
Filler Metal for Dissimilar 

Metal Welding 
Extensive testing shows a new eiectrode is suited to meet the 

demands of future high-temperature coal-fired plants 

BY J. A. SIEFERT, J. M. TANZOSH, J. P. SHINGLEDECKER, AND W. F. NEWELL Jr. 

The premature failure of dissimilar 
metal welds (DMWs) between austenitic 
stainless steels and ferritic steel super- 
heater/reheater tubes has its roots in the 
1950s. The increase in steam conditions 
through the 1940s and 1950s forced the 
power industry to transition from boilers 
constructed from primarily low-alloy 
steels to boilers constructed from both fer- 
ritic and stainless steel tubing in the su- 
perheater and reheater sections of the 
boiler. 

Stainless steel filler metals were widely 
utilized in these first DMWs. Unfortu- 
nately, this selection of stainless steel filler 
metal resulted in the premature failure of 
DMWs after just a short time in service 
(in some instances as low as two years). 
These premature failures forced the 
power industry to adopt nickel-based filler 
metals such as Inconel® 132 and Inconel 
182 welding electrodes (AWS A5.ll). Use 
of nickel-based filler metals continued 
through the next couple of decades until 
a second wave of failures occurred, this 
time in the mid-1970s after (generally) 
15-17 years of service (Ref. 1). Although 
nickel-based filler metals showed 3-5 
times improvement in life over stainless 
steel filler metals, nickel-based filler met- 
als were still not meeting the desired, de- 
sign life (Ref. 2). A typical DMW failure, 
which occurs along the ferritic weld inter- 
face is shown in Fig. 1 (Ref. 3). 

Investigating Dissimiiar 
Metai Weid Faiiure 

Failure of DMWs occur without warn- 
ing and are therefore responsible for un- 
planned power outages, potentially cost- 
ing utilities millions of dollars in lost rev- 
enue. Because of this, several commis- 
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Fig. 1 — Typical morphology of a DMW failure at ferritic (T22) weld interface (Ref. 3) 

Table 1 - — Nominal Chemical Composition of EPRI P87 

C Si              Mn           P               S               Ni Fe Cr Mo Nb 
0.10 0.30          1.50          0.008        0.008        bal 38.0 9.0 2.0 1.0 

Minor additions of Al, Ti, N, and B can be expected. 

sions and task groups were established to 
investigate DMWs in an effort to under- 
stand and attempt to solve the problem. 
Among the intense DMW research was 
an EPRI study that lasted throughout the 
decade of the 1980s. This comprehensive 
study resulted in several key, DMW im- 
provements: modified joint design, added 
weld reinforcement, and the widespread 
use of ERNiCr-3 (AWS A5.14). While 

these measures were shown to mitigate 
DMW failures, it was ultimately deter- 
mined that the only solution to prevent 
premature DMW failure was an entirely 
new filler material. The new filler metal 
would be specifically alloyed to address 
two issues, which were believed to con- 
tribute to premature failure: thermal ex- 
pansion coefficient mismatch and carbon 
migration (Ref. 2). An EPRI-developed 

/. A. SIEFERT (JASiefert@babcock.com) and J. M. TANZOSH (JMTanzosh@babcock.com) are with Babcock and Wilcox Power 
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lotte, N.C.W.F NEWELL Ir. (wfnewell@pobox.com) is with Euroweld, Ltd., Mooresville, N.C. 
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filler material, named HFS6, showed im- 
mense promise, but unfortunately the new 
filler metal was never commercialized be- 
cause it was prone to microfissuring (li- 
quation cracking in the weld metal). 

Although the new precautions and in- 
formation obtained during the EPRI re- 
search made significant strides in mitigat- 
ing premature DMW failures, boiler 
OEMs and utilities continued to be wary 
of the multitude of DMWs that existed in 
their boilers. Furthermore, the demand 
for more efficient means of producing 
electricity continued to push steam tem- 
perature and pressure conditions upward. 
This ultimately translated into increased 
quantities of ever-higher-strength materi- 
als such as creep strength enhanced fer- 
ritic (CSEF) steels (T23/24/91/92) and ad- 
vanced austenitic stainless steels. More 
recent research has shown that 9% 
chromium CSEF steels (i.e., Grade 91), 
when welded to Alloy 800 using Inconel® 
182 welding electrode, are susceptible to 
the same failure mode as documented in 
the EPRI reports (Ref. 4). 

New Filler Metal Developed 

After several years of research and de- 
velopment, initiating in 2002 and in con- 

smA*/ 
Fig. 2 — Grade 92-3WHCbNProcedure Qualification Record bend tests; GTAWon , 
SMAWon right. 

junction with Metrode Products, Ltd., and 
Euroweld, Ltd., EPRI was successful in 
developing a suitable filler material for 
shielded metal arc welding (SMAW) ap- 
plications that showed good resistance to 
microfissuring (Ref. 5). The newly de- 
signed filler material was given the trade 
name EPRI P87. The revised chemistry, 
carrying forward from HFS6, contained 
carbon and chromium levels that closely 
matched Grade 91, as shown in Table 1. 

Matching the carbon and chromium to 
that of Grade 91 virtually eliminated the 
carbon migration (and formation of Type 
I carbides) along the weld interface of the 
ferritic side of DMWs. Furthermore, the 
thermal expansion coefficient of EPRI 
P87 was shown to be at least as good as 
existing nickel-based filler metals, if not 
slightly closer to that of the ferritic mate- 
rial (Ref. 5). As a result, the classic, pre- 
mature weld interface failure mode shown 
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Fig. 3 —All-weld-metal, elevated-temperature ultimate tensile    Fig. 4 — Larson-Miller parameter vs. stress comparison for cross 
strength comparison (Ref. 11). weld and all-weld-metal EPRI P87 samples (Ref. 5). 

Table 2 — Nominal Chemical Composition of Potential Ferritic Materials in DMWs 

Material C Si Mn Ni Cr Mo Nb W V Al 

Grade 22 0.10 0.30 
Grade 23 0.070 0.30 
Grade 91 0.10 0.35 
Grade 92 0.10 0.30 

* Maximum 

0.45 2.25 1.0 
0.40 2.40 0.20 
0.45 0.40* 8.75 0.95 
0.45 0.40* 9.0 0.45 

0.050 1.60 0.25 0.030* 0.030* 0.003 
0.080 0.22 0.050 0.040* 
0.060 1.75 0.20 0.050 0.040* 0.003 
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F;g. 5 — Larson-Miller parameter vs. stress comparison for com- 
pleted and ongoing (arrows). EPRIP87 all-weld creep data, and 
T91IT92 creep data are from NIMS (Refs. 5, 11-13). 
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Fig. 6 — Creep ductility ofEPRIP87. 

Fig. 7— Typical Type I carbide formation 
at T22 side of weld interface (Ref 3). 

Fig.8- 
(Ref 3). 

Void formation at Type I carbides 

in Fig. 1 was eliminated in 9% chromium 
CSEF steel DMWs. 

EPRI P87 electrode was first used 
commercially by Babcock and Wilcox Co. 
(B& W) in the construction of American 
Electric Power's ultrasupercritical, coal- 
fired John W. Turk Plant (Ref. 6). Since 
the successful employment of the SMAW 
product, a solid wire product for use in 
gas tungsten arc welding (GTAW) and gas 
metal arc welding (GMAW) applications 
has been developed utilizing the same 
chemical composition range outlined in 

Table 1 (Ref. 7). Several common ferritic 
and CSEF steel nominal compositions are 
shown in Table 2. 

Confirming Weidabiiity 

The weidabiiity issues with HFS6 were 
well documented and attributed to mi- 
crofissuring (Ref. 5). Because of this, it 
was critical to use weidabiiity testing in 
conjunction with a wide array of material 
combinations, material thicknesses, and 
welding processes to confirm that EPRI 
P87 did not exhibit the same tendencies 
as HSF6 (Ref. 9). Results from Varestraint 
testing indicated that EPRI P87 was 
slightly less susceptible to solidification 
cracking as compared to ERNiCr-3. EPRI 
P87 was slightly more susceptible to mi- 
crofissuring as compared to ERNiCr-3. 
This result was likely influenced by the 
fact that the Nb level in the tested EPRI 
P87 welding wire was slightly above the 
aim chemistry range. Despite the higher 
susceptibility to liquation cracking, an ex- 
amination of nine full-thickness macro- 
sections taken from GTAW and GMAW 
thick section weldments (2 in., 50.8 mm), 
utilizing the same EPRI P87 welding wire, 
did not reveal a single microfissure. Ad- 
ditional investigations comparing EPRI 
P87 to ERNiCr-3 using circular patch test- 
ing and pad buildup techniques further 
showed that EPRI P87 was at least as good 
as ERNiCr-3 in regard to cracking resist- 
ance (Ref. 7). 

Two sets of bend tests, performed at 
2T radius in accordance with ASME Sec- 
tion IX, are shown in Fig. 2 (Ref. 10). The 
material combination in Fig. 1 is the high- 
est strength combination welded to date. 
Grade 92 (90 ksi minimum ultimate ten- 
sile strength) to 310HCbN (95 ksi mini- 
mum ultimate tensile strength). Not a sin- 

gle defect was noted in either set of bend 
tests. In addition to the bend tests in Fig. 
2, EPRI P87 has been welded in approxi- 
mately 30 different material combinations 
including a wide range of ferritic materi- 
als (i.e.. Grades 22/23/91/92) and tradi- 
tional/advanced stainless steel grades 
(304H/347H/Super 304H/310HCbN). Re- 
gardless of the material combination, 
welding process, postweld heat treatment 
requirement, and preheat/interpass re- 
quirements, EPRI P87 weldments have 
yet to fail a single bend test to ASME Sec- 
tion IX requirements. This observation 
has provided yet another excellent indi- 
cation of the exceptional weidabiiity char- 
acteristics of EPRI P87. 

Rupture and High- 
Temperature Testing 

Elevated-temperature, all-weld-metal 
tensile test results have shown that the el- 
evated-temperature strength of EPRI P87 
is comparable to existing nickel-based 
filler metals — Fig. 3 (Ref. 11). Creep- 
rupture testing of EPRI P87 is ongoing 
with longer duration tests estimated to 
have rupture lives between 10,000 and 
30,000 hours. The rupture results for the 
EPRI P87 cross weld and all-weld-metal 
tests are compared using the Larson- 
Miller parameter (LMP) and a polynomial 
fit — Figs. 4 and 5 (Refs. 5,11-13). Cross 
weld metal, creep-rupture data in Fig. 4 
clearly show that the strength of a DMW 
welded with EPRI P87 is strictly controlled 
by the strength of the ferritic material. This 
point is further illustrated in Fig. 5 when 
comparing the strength of all-weld-metal 
EPRI P87 to that of the National Institute 
for Materials Science (NIMS) creep data- 
base for T91 and T92. From Fig. 5, it is ob- 
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vious that EPRIP87 has more than enough 
strength in any DMW combination utiliz- 
ing ferritic and CSEF steels. The data in 
Fig. 5 prove that EPRI P87 at least equals 
the strength of ERNiCr-3. Additionally, 
the slope of the EPRI P87 line suggests 
that the difference in strength increase in 
EPRI P87 over ERNiCr-3 will be greater 
at lower, more service-relevant stress val- 
ues. Based on these results, it was plainly 
evident that EPRI P87 would be extremely 
attractive from a creep standpoint when 
utilized in traditional and high-strength 
DMW combinations. 

Because of the Al and Ti content in 
ERNiCr-3, it can be expected that this 
filler metal will age in service. While this 
aging gradually increases the strength of 
the weld metal, it simultaneously de- 
creases the ductility of the weld deposit 
over time. Due to the low Al and Ti con- 
tent in EPRI P87, the ductility of this alloy 
remains excellent, even during long-term 
creep testing. Creep tests to 10,000 hours 
have demonstrated that EPRI P87 has ex- 
cellent rupture ductility, with no perceiv- 
able drop or trough in ductility with re- 
spect to either elongation or reduction of 
area (ROA) — Fig. 6. 

Type I Carbide Concern 

The premature failure of DMWs in the 
original EPRI reports from the 1980s was 
attributed to the formation of Type I car- 
bides along the ferritic-side of the weld 
interface — Fig. 7. Eventually, once the 
Type I carbides coarsen to a threshold size 
(reported to be 1 ^,m), the formation of 
creep microvoids can occur at the carbides 
— Fig. 8 (Refs. 2, 3). These voids grow 
and link with time and eventually cause 
the brittle, characteristic DMW failure 
along the weld interface of the ferritic side 
of the DMW. 

To examine whether EPRI P87 was sus- 
ceptible to Type I carbide formation, two 
different weldments were examined. A 
T91 to T92 GTAW weldment was made 
with EPRI P87. This tube-to-tube weld- 
ment was then exposed to 1200oF for 1575 
hours. According to the time/temperature 
relationship for the threshold size of Type 
I carbides, this exposure condition was an 
ideal test. Furthermore, 1200oF represents 
the maximum, allowable temperature for 
ferritic materials in the ASME Boiler and 
Pressure Vessel Code. Thus, 1200oF would 
provide the most aggressive temperature 
with respect to the coarsening of Type I 
carbides. 

A Larson-Miller parameter compari- 
son was used to compare the 1575 hours 
at 1200oF to more service relevant time 
and temperature conditions (Ref. 14). 
Using the LMP comparison, 1575 hours 
at 1200oF is equivalent to 48,000 hours at 
1100oF or 2.4 million hours at 1000oF. 

T9J            \          P87 1 3 s: r 192' 
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Fig. 9 — Weld interface SEM images at 1500x ofT91 (left) and T92 (right) (dilute aqua 
regia etchant). 

Fig. 10 — Grade 91 weld interface SEM images at 1500 x (left) and 5000 x (right) (dilute 
aqua regia etchant). 

SEM examination of the T91 to T92 weld- 
ment is shown in Fig. 9. 

The second weldment examined was a 
2-in.-thick GTA weld between Grade 91 
and 347H. This weldment was exposed to 
13750F for 20 hours to simulate the possi- 
ble scenario where a pressure vessel or 
component would need to be postweld heat 
treated (PWHT) multiple times. Scanning 
electron microscope images in Fig. 10 
demonstrate that the stability of EPRI P87 
was excellent under typical Grade 91/92 
PWHT conditions. As in the 1575 hour ex- 
posure at 1200oF, Type I carbides were not 
observed at the weld interface, even at a 
magnification of 5000x. Based on the sta- 
bility results, it was readily apparent that 
EPRI P87 would not only provide excel- 
lent creep ductility in service, but also pro- 
vide the necessary resistance to premature 
failure through the prevention of Type I 
carbide formation at the weld interface for 
9% chromium CSEF steels. 

Conclusions 

Supercritical, ultrasupercritical, and 
future advanced-ultrasupercritical coal- 
fired plant designs promise to utilize ag- 
gressive steam temperatures and pres- 
sures to greatly increase plant efficiency. 
At these advanced steam conditions, it will 
be advantageous to exploit high-strength 
and corrosion-resistant materials like 

Grade 92, 347HFG, Super 304H, and 
310HCbN, among others (Ref. 15). The 
data presented in this article makes the 
case for a welding material, EPRI P87, 
which promises to not only increase the 
life of DMWs, but also be well suited to 
meet the demanding requirements of 
these future coal-fired plants. Based on 
the data shown here and presented else- 
where, it is clear that EPRI P87 is an enor- 
mously promising step forward in solving 
the issue of DMWs. ♦ 
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What's New in Flux 
Cored Filler Metals?) 

Fig. 1 —Advancements infillermetaltech- 
nology are helping companies in the energy 
sector meet the demands for production and 
gain a competitive edge by improving weld 
quality and productivity. 

Take a look at flux cored wires for high-temperature 
and high-strength applications in the energy sector 

In recent years, the increasing demand 
for energy has brought with it significant 
changes in the materials used for welding 
applications, as well as an ongoing effort 
among companies serving this sector to 
maintain control of their costs and in- 
crease their productivity — Fig. 1. The 
goal for these companies is the same: to 
secure a competitive edge in a growing 
market. 

From the construction of offshore oil 
platform jack-up rigs to the fabrication of 
boiler or pressure vessels and process pip- 
ing, labor is always a key consideration. 
The faster a job can be completed, of 
course, the better the bottom line. In that 
respect, the impact welding has on these 
applications cannot be ignored. Nor can 
the filler metals used to complete them. 

Many applications in today's energy 
sector require materials capable of with- 
standing extremely high temperatures, 
while others use high-strength materials 
that are subject to low temperatures. Re- 
cently, multiple advancements have been 
made in filler metal technologies — 
specifically flux cored welding wires — 
that can help companies address the needs 
of both — Fig. 2. Specifically, these filler 
metals offer both the chemical and me- 
chanical composition necessary to match 
the materials, and also the characteristics 
needed to help companies improve weld 
quality, reduce costs (particularly for 
labor and rework), and increase their 
productivity. 

Following is a discussion of some filler 
metal technology advancements. 

BY KEITH PACKARD 

Addressing the Extremes 
of High-Temperature 
Appiications 

Various grades of chrome-moly steel 
are common in the fabrication of pressure 
vessels and boiler piping, and are also used 
for fittings and valves. This material of- 
fers the high-temperature strength and 
corrosion resistance needed for each of 
these applications, and it requires filler 
metals capable of providing the same 
characteristics. Chrome-moly applica- 
tions like these also require a low X-fac- 
tor. X-factor is a formula that measures a 
weldment's resistance to temper embrit- 
tlement (the loss of toughness that occurs 
when the weldment is held or slowly 

KEITH PACKARD is sales and marketing manager, Low Alloy Products Tubular Wire Division, Hobart Brothers Co., Troy, Ohio, 
www.hobartbrothers.com. 
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cooled through a temperature range of 
approximately 850° to 1100oF). It's a com- 
ponent that filler metal manufacturers pay 
close attention to during the development 
of products for chrome-moly applications 
in the energy sector. 

In past years, fabricators typically re- 
lied on shielded metal arc electrodes to 
provide them with the mechanical and 
chemical composition necessary to weld 
chrome-moly boiler and pressure vessel 
piping that will be subject to high-temper- 
ature service environments. Today, there 
are two new T5 gas-shielded flux cored 
wire options available that can meet those 
requirements, while also helping compa- 
nies increase their productivity. The in- 
teresting aspect of these wires is their abil- 
ity to weld out of position. 

Most flux cored wires with a T5 or basic 
slag system are typically not recognized 
for out-of-position performance, as the 
slag has a low melting point and creates a 
pool that is too fluid and difficult to con- 
trol unless in the flat or horizontal posi- 
tion. Both the American Welding Society 
(AWS) E81T5-B2M H8 and AWS E91T5- 
B3M H8 wires, however, are readily able 
to weld out of position, particularly uphill 
and downhill. This characteristic makes 
them usable for welding on both existing, 
installed piping systems and in a shop en- 
vironment, allowing companies the versa- 
tility to weld on multiple applications 
without incurring the cost or time associ- 
ated with process changeovers. It also 
eliminates part movement and the down- 
time associated with it. Theses wires op- 
erate with mixed shielding gases (argon 
and CO2), so they have a more stable arc 
and create less spatter than standard T5 

wires that use straight CO2. In 
addition, these products oper- 
ate on DC current, negative 
polarity. 

The AWS E81T5-B2M H8 
wire (Hobart® FabCO® 
XTREME® B2) is designed for 
welding on 114% chrome/ 
V-i% molybdenum steels, includ- 
ing ASTM International's A335 
Grade Pll piping. In addition 
to providing reliable toughness 
properties, this wire offers a low 
X-factor (8 to 13) and low dif- 
fusible hydrogen levels (less 
than 6 mL per 100 g of weld- 
ment) to reduce the chance of 
temper embrittlement and 
crack susceptibility, respec- 
tively. The wire also offers a ten- 
sile strength of more than 86 ksi, 
along with yield strength of 
nearly 69 ksi. The Charpy V- 
notch impact values exceed 
those of a comparably classified 
shielded metal arc electrode 
(such as an E8018-B2), which 
many fabricators have used in 
the past for boiler and pressure 
vessel applications. The impact 
values for this wire fall into the 
range of 91.25 ft-lb (123 J) at 
-40oF (-40oC) in the postweld 
heat treated condition and 50.2 
ft-lb (68 J) in the as-welded con- 
dition. The wire is usable for sin- 
gle and multiple passes. 

For welding on ASTM Inter- 
national's A387 Grade P21 and 
P22 pipe composed of 2lA% 
chrome/1%  molybdenum,  an 

Fig. 2 — Many applications in today's energy sector re- 
quire materials capable of withstanding extremely high 
temperatures, while others use high-strength materials 
that are subject to low temperatures. Filler metals are 
available for both applications. 

What Else Is New? 
In addition to the products mentioned in this article, there are other newer flux cored wires available for offshore applications, 

as well as transmission pipelines. 

American Welding Society (AWS) E111T1-GM H4 

Designed for jack-up rig building (including cantilever or rack and chord welding) and overmatched American Petroleum Insti- 
tute X80 pipeline welding, this all-position gas-shielded flux cored wire offers good impact toughness with a tensile strength rang- 
ing from 110 to 130 ksi and low diffusible hydrogen levels (4 mL per 100 g of weldment). It offers low spatter levels, easy-to-remove 
slag, and a smooth, stable arc. It can also be used on high-strength steels such as Riverace 710, WeldTen 710, American Bureau of 
Shipping EQ56, A514, and other similar high-strength low-alloy steels. The wire operates with a shielding gas mixture of 75 to 80% 
argon/20 to 25% CO2 and is recommended for single- and multiple-pass welding. 

AWSE81T8-Ni2J 

Designed primarily for X80 pipeline applications, this self-shielded flux cored wire can also be used for offshore drilling rigs. Some 
contractors use the wire for nonenergy-related applications including ship and barge building, along with general structural and fab- 
rication applications. It's well-suited for applications requiring high tensile strength (it offers 94 ksi) and low temperature Charpy V- 
notch impact toughness [107 ft-lb (138 J) at -20oF (-290C) and 96 ft-lb (134 J) at -40oF (-40oC)] and performs particularly well in all 
positions as it has a fast-freezing slag. 
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AWS 91T5-B3M H8 wire (Hobart FabCO 
XTREME B3) is a good alternative to 
E8018-B3 shielded metal arc electrodes, 
especially in terms of its ability to improve 
productivity. This flux cored wire provides 
a tensile strength of approximately 105 ksi 
with a yield strength of 88 ksi using a 
shielding gas mixture of 75 to 80% argon 
and 20 to 25% C02 at 35 to 50 ft3/h. Like 
the AWS E81T5-B2M H8 wire, this wire 
provides excellent toughness properties, 
along with low diffusible hydrogen levels 
(less than 6 mLper 100 g of weldment). 
The wire works well for welding boiler and 
pressure vessel piping, fittings, and valves 
and has a low X-factor of 8-13 to reduce 
the risk of temper embrittlement. Its 
Charpy V-notch impact properties are 110 
ft-lb (149 J) at -40oF. 

Meeting the Needs of 
Offshore Applications 

Offshore applications, such as the 
building of jack-up oil rigs, present their 
own unique set of challenges when it 
comes to filler metals, particularly be- 
cause these applications use high-strength 
materials and require welds that can with- 
stand extremely low temperatures. 

For offshore applications, one new filler 
metal option is the AWS E121TG-GC H4 

gas-shielded flux cored wire. This wire has 
been designed to produce welds in the 120 
to 130 ksi tensile strength range, making it 
well-suited for offshore applications that 
require high-strength, defect-free welds 
with good impact properties. It can also 
weld materials including A514, Le 
Tourneau N25HN, WeldTen 710 and 780, 
HY100, and other similarly high-strength 
steels. This wire offers a highly basic slag 
system that is unique to this particular wire, 
as well as an operating range that is com- 
parable to flux cored wires featuring a ru- 
tile (T-l) slag system. It also has equally 
low spatter levels and an equivalent type 
of slag removal. The AWS E121TG-GC H4 
wire provides Charpy impact properties of 
74.7 ft-lb (101.2 J) at -760F (-60oC) and 
operates with 100% C02. 

The AWS E121TG-GC H4 wire, as 
well as the aforementioned AWS E81T5- 
B2M H8 and AWS 91T5-B3M H8 wires 
are a unique step in providing companies 
in the energy sector with options beyond 
shielded metal arc electrodes for welding 
demanding and critical applications — 
and improving their productivity by using 
a flux cored process. It's certain, however, 
that with the increasing demands for en- 
ergy and the emergence of new, high- 
strength materials that filler metal manu- 
facturers will continue to be challenged 
with even more product developments. ♦ 
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Ni-Mo-Cr Alloy Shows 
Versatility in 
Corrosion Resistance 
An alloy provides good corrosion resistance to sulfurlc and hydrochloric acids and 
excellent pitting and crevice corrosion resistance In the presence of hot chloride 
salt solutions 

BY JEREMY L. CARON, MARK A. BRITTON, N. SABRINA MECK, AND HENRY J. WHITE 

Corrosion-resistant nickel alloys are 
widely used in a variety of chemical 
process industry applications ranging 
from the agrichemical to pharmaceutical 
sectors. The Ni-Mo (B-type) alloys pro- 
vide outstanding resistance to sulfuric 
(H2SO4) and hydrochloric (HC1) acids in 
the as-welded condition. However, B-type 
alloys become susceptible to corrosive at- 
tack in the presence of oxidizing species 
such as dissolved oxygen and ferric or 
cupric ions. The Ni-Cr-Mo (C-type) alloys 
provide outstanding corrosion resistance 
in oxidizing media, in addition to excel- 
lent pitting and crevice corrosion resist- 
ance in the presence of hot chloride salt 
solutions. However, they have only 
limited corrosion resistance to H2SO4 and 
HC1. 

Laboratory testing and field service eval- 
uation have shown that a newer Ni-Mo-Cr 
alloy, known as the HASTELLOY® 
HYBRID-BC1® alloy, provides better 
corrosion resistance to H2SO4 and HC1 
than C-type alloys, without the drawbacks 
associated with B-type alloys. This includes 
possessing excellent pitting and crevice cor- 
rosion resistance in the presence of hot 
chloride salt solutions. These characteris- 
tics fill the commercial need for an alloy 
that can handle systems with strong acids 
and intermittent oxidizing/reducing condi- 

tions. Potential applications for the alloy 
include chemical process industry service 
where resistance to HC1 and H2SO4 are the 
predominant requirements; high-tempera- 
ture and high-pressure organic acid 
processes, such as applications involving 
formic or acetic acids; and refinery compo- 
nents, such as vessels, heat exchangers, 
heads, and condensers. 

The nominal chemical composition of 
the HYBRID-BC1 alloy is provided in 
Table 1 along with compositions of vari- 
ous other corrosion-resistant nickel alloys. 
The nominal Ni-22Mo-15Cr composition 
provides an alloy that bridges the gap be- 
tween the B- and C-type alloys. Wrought 
forms of the alloy are furnished in 
the solution-annealed condition. The 
HYBRID-BC1 alloy has been incorpo- 
rated into several ASTM specifications, 
including B619 for welded pipe and B626 
for welded tube. 

General Corrosion 
Resistance 

The HYBRID-BC1 alloy was subjected 
to immersion tests in reagent grade HC1 
and H2SO4. Iso-corrosion diagrams were 
developed from sheet samples of dimen- 
sions 1 x 1 x 0.125 in. (25.4 x 25.4 x 3.2 

mm) that were tested at various concen- 
trations and temperatures. An iso-corro- 
sion diagram is useful for determining 
whether a particular alloy is appropriate 
for given environmental conditions of tem- 
perature and acid concentration. A corro- 
sion rate of less than 0.02 mm/y is typically 
considered outstanding. A range between 
0.02 and 0.1 mm/y is considered excellent; 
and 0.1 to 0.5 mm/y good. Corrosion rates 
beyond 0.5 mm/y are usually excessive for 
most applications (Ref. 1). The tests were 
performed using four 24-h periods, with 
interruptions every 24 h for reweighing the 
sample. Test conditions were chosen so 
that iso-corrosion rate lines of 0.1 mm/y 
and 0.5 mm/y were obtained. 

Figure 1 shows the iso-corrosion lines 
in H2SO4 along with those obtained for 
other corrosion-resistant nickel alloys. For 
the 0.1 mm/y lines, the HYBRID-BC1 alloy 
exhibits excellent performance for the en- 
tire concentration range of the acid up to 
100oC. Furthermore, the corrosion per- 
formance is not dependent on the acid con- 
centration. The 0.5 mm/y data show that it 
can be used safely up to 90 wt-% acid con- 
centration at temperatures approaching 
150oC. Overall, it provided significantly 
higher corrosion resistance in H2SO4 com- 
pared to the C-type alloys tested. 

The corrosion rates of the alloys in 96 

JEREMY L. CARON (jcaron@haynesintl.com) is welding metallurgist, MARK A. BRITTON is welding specialist, N SABRINA MECK is 
senior corrosion engineer, and HENRY J. WHITE is market manager, Haynes International, Inc., Kokomo, Ind. 

Based on a presentation by Henry J. White at theAWS Welding Corrosion-Resistant Alloys Conference, Nov. 18, 2009, Chicago, III. 

HASTELLOY®, HYBRID-BCl®, B-3®, C-22®, and C-2000® alloys are registered trademarks of Haynes International, Inc. 
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F;g. 7 — Comparison of iso-corrosion rates of corrosion-resistant nickel alloys in H2S04. A — 0.1 mm/y lines; B — 0.5 mm/y lines. 

Table 1 — Nominal Chemical Compositions of Tested Corrosion-Resistant Nickel Alloys 

Cr Fe Mn Si(b) C(b) Others 

15 2(b)            0.25 0.08 0.01 Al 0.5(b) 

1.5             1.5              3(b) 0.1 0.01 Al 0.5(b), Ti 3(b), W 3(b) 
16 5 l(b) 0.08 0.01 Co 2.5(b), V 0.35(b), W 4, 

22 3 0.5(b) 0.08 0.01 Co 2.5(b), V 0.35(b), W 3, 
23 3(b) 0.5(b) 0.08 0.01 Al 0.5(b), Co 2(b), Cu 1.6 

(a) Balance, (b) Maximum, (c) Minimum. 

Alloy UNS No. NiW Mo 

HYBRII D-BC1 N10362 62 22 

B-3 N10675 65W 28.5 
C-276 N06022 57 16 

C-22 N10276 56 13 
C-2000 N06200 59 16 

WT-% H2SO4 as a function of tempera- 
ture are shown in Table 2. While the C- 
type alloys were severely attacked by 
107oC, the HYBRID-BC1 alloy exhibited 
a corrosion rate of less than 0.5 mm/y at 
a temperature of 1350C. 

Shown in Fig. 2 are the iso-corrosion 
rate lines in HCI. It can be seen from the 
diagram that the HYBRID-BC1 alloy ex- 
hibits significant temperature and concen- 
tration dependencies in HCI similar to the 
behavior of C-type alloys. As the acid con- 
centration increases, excellent corrosion 
resistance is limited to lower tempera- 
tures. However, the figure does indicate 
that the alloy provides better performance 
than C-type alloys when corrosion rates 
of 0.5 mm/y are considered. This suggests 
superior performance compared to C- 
type alloys in thick-section applications. 

The comparative corrosion perform- 
ance of the HYBRID-BC1, B-3, and C- 
2000 alloys in 30% HCI is shown in Fig. 3. 
While the B-3 alloy exhibited the best per- 
formance in the solution, HYBRID-BC1 
alloy demonstrated better corrosion re- 
sistance than the C-2000 alloy in the con- 
centrated media. 

To evaluate the performance of the 
HYBRID-BC1 alloy in oxidizing and re- 
ducing media, corrosion tests were con- 

Table 2 — Base Metal Corrosion Rates in 96 wt-% H2SO4 at Increasing Temperatures 

Alloy 

HYBRID-BC1 
B-3 
C-276 
C-2000 

930C 

0.02 
0.18 
0.19 

CR (mm/y) 

107oC 1210C 1350C 149° 

0.10 0.20 0.45 1.10 
— 0.09 0.22 0.35 
0.95 — — — 
0.63 — — — 

ducted in 2.5% HCI purged with both oxy- 
gen and nitrogen. The tests were per- 
formed in pressurized autoclaves at 1210C 
for 96 h. The corrosion rates determined 
for the alloys are presented in Fig. 4. The 
HYBRID-BC1 alloy exhibited the best 
overall performance in both solutions, 
providing good resistance in both oxygen 
(oxidizing conditions) and nitrogen (re- 
ducing conditions) purged solutions of 
2.5% HCI. 

Localized Corrosion 
Resistance 

To determine chloride-induced local- 
ized (pitting and crevice) corrosion resist- 
ance, samples were tested according to 
ASTM G 48, Methods C and D (Ref. 2). 

These methods involve testing in a mix- 
ture of 6 wt-% ferric chloride (FeCl^) and 
1 wt-% HCI. The lowest temperature that 
causes pitting or crevice attack at least 25 
|a,m deep in 72 h is identified as the criti- 
cal pitting temperature (CPT) or critical 
crevice temperature (CCT), respectively. 
The dimensions of the pitting test sam- 
ples were 1.0 x 1.0 x 0.125 in. (25.4 x 25.4 
x 3.2 mm). The dimensions of the crevice 
samples were 2.0 x 1.0 x 0.125 in. (50.8 x 
25.4 x 3.2 mm), with drilled holes for the 
attachment of Teflon® crevice blocks. 
TFE-fluorocarbon segmented washers 
having numerous grooves and plateaus 
were attached to the samples. The testing 
was performed at increasing temperatures 
in 50C increments. The recommended 
maximum temperature for such tests is 
850C, beyond which FeC^ becomes un- 
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Fig. 2 — Comparison of iso-corrosion rates of corrosion-resistant nickel alloys in HCl. A — 0.1 mm/y lines; B — 0.5 mm/y lines. 

Table 3 — Critical Localized Corrosion Temperatures in Acidified 6 wt-% FeClj (ASTM G48, 
Methods C & D) 

Alloy 

HYBRID-BC1 
C-276 
C-22 
C-2000 

Base Metal 
CPT (0C) CCT (0C) 

>85 >85 
>85 55 
>85 80 
>85 80 

Weld Metal 
CPTfC) CCT(0C) 

>85 >85 
>85 55 
>85 80 
>85 80 

Table 4 — Corrosion Rates of Weld Coupons Tested in Listed Media for a Total of 96 Hours 

Media (wt-%) Temp. (0C) CR (mm/y ) 
HYBRID-BC1 C-276 C-22 C-2000 

2.5% HCl Boil 0.19 1.85 3.83 0.34 
10% HCl Boil 1.08 7.20 11.02 11.20 
30% H2SO4 93 0.08 0.42 0.68 0.01 

70% H2S04 93 0.05 0.50 0.94 0.42 

stable; testing above 850C is permissible 
for comparison purposes. Tests up to the 
boiling point of the solution were per- 
formed in glass/condenser systems. Tests 
above the boiling point were conducted 
in UNS N10276 (C-276 alloy) autoclaves 
with Teflon liners. 

Table 3 shows the CPT and CCT de- 
termined for the tested alloys. Values for 
the B-3 alloy are not provided since it is 
susceptible to pitting and crevice corro- 
sion in the test solution at ambient tem- 
peratures. Since crevice attack is usually 
induced at lower temperatures than pit- 
ting attack, CCT values are usually lower 
than CPT values. The CCTs of the C-type 
alloys were in a range of 55o-80oC, which 
was exceeded by the HYBRID-BC1 alloy. 
The higher CCT of the HYBRID-BC1 
alloy compared to the C-22 and C-2000 
alloys, despite having a lower Cr content. 

could be due to an optimal Mo/Cr ratio 
and its effect on the characteristics of the 
passive surface film that forms. A com- 
parison of base metal CCT coupons after 
exposure at 1250C is shown in Fig. 5. More 
extensive base metal corrosion data for 
the BC1 alloy are provided in Ref. 3. 

Weld Metal Corrosion Tests 

To evaluate the corrosion resistance of 
weld metal, weld coupons for corrosion 
testing were prepared from 0.125-in.- (3.2- 
mm-) thick sheet material welded to- 
gether using the gas tungsten arc welding 
(GTAW) process. An autogenous root 
pass was installed using a 0.125-in.- (3.2- 
mm-) diameter 2% thoriated tungsten 
electrode. The cover pass was made with 
a 0.125-in.- (3.2-mm-) diameter matching 
composition filler metal (AWS ERNi- 

MoCr-1, pending). The weld coupons 
were then tested according to ASTM G 
48, Methods C and D, to determine the 
CPT and CCT, respectively. As can be 
seen in Table 3, the CCT and CPT values 
for the weld metal are equivalent to the 
base metal for each of the alloys. Crevice 
attack of the HYBRID-BC1 weld metal 
was first observed at 120oC — Fig. 6. 

Weld samples were also tested in solu- 
tions of 2.5 and 10% HCl at boiling, and 
30 and 70% H2S04 at 930C. In all cases, 
the exposure time was four 24-h intervals. 
A summary of the corrosion rates are pro- 
vided in Table 4. The HYBRID-BC1 weld- 
ments exhibited overall greater resistance 
to the varying chemical solutions than 
weldments of the C-type alloys. 

Welding Characteristics 

The HYBRID-BC1 alloy can be 
welded in a similar manner to C-type al- 
loys. Three welding processes are com- 
monly used. This includes GTAW for thin- 
gauge sheet fabrications and weld root 
passes. Heavier section plate construction 
allows for the use of gas metal arc welding 
and/or the shielded metal arc welding 
processes. The submerged arc welding 
process is characterized by high heat in- 
puts that can be detrimental to in-service 
corrosion resistance and is generally not 
recommended. Matching composition 
filler metals are available for use with their 
incorporation into the AWS A5.ll and 
A5.14 specifications currently pending. 
Similar to C-type alloys, the low penetra- 
tion characteristics are such that adequate 
joint access and minimal land are sug- 
gested. 

A full solution anneal followed by 
water quenching is recommended prior to 
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Fig. 5 — Macrographs of base metal CCT coupons after testing in 
acidified 6 wt-% FeCl3 at 125°C. 

Fig. 6 — Macrographs ofHYBRID-BCl weld metal CCT coupons 
after testing at various tempera tures in a cidified 6wt-' 
attack of the weld metal was first observed at 120°C. 

FeCl3. Crevice 

welding cold-worked or hot-worked heads 
to cold-rolled shells. Postweld heat treat- 
ment is not necessary; if residual stresses 
must be relieved, a full solution anneal at 
2100oF (11490C) followed by water 
quenching is recommended. To minimize 
the precipitation of second phases in the 
heat-affected zone (HAZ), a maximum 
interpass temperature of 200oF (930C) is 
recommended. While significant precipi- 
tation is not expected with lower heat- 
input welding processes, slower cooling 
rates arising from high-heat-input weld- 
ing processes could lead to HAZ precipi- 
tation that is ultimately detrimental to the 
corrosion resistance. A detailed study of 
the HAZ corrosion resistance of the 
HYBRID-BC1 alloy as a function of cool- 
ing rate is currently underway. 

Summary and Conclusions 

A newer Ni-Mo-Cr alloy was devel- 
oped for applications requiring versatile 

corrosion resistance. Corrosion perform- 
ance of the base and weld metals has been 
evaluated. The following conclusions can 
be made with respect to the HYBRID- 
BC1 alloy: 

• It was shown to have significantly higher 
corrosion resistance to H2SO4 than C- 
type alloys, approaching the perform- 
ance of the B-3 alloy. Its corrosion per- 
formance was independent of acid con- 
centration and the data show it can be 
used safely up to 1350C with corrosion 
rates of less than 0.5 mm/y. 

• It provides better resistance to HCI than 
C-type alloys when corrosion rates of 
0.5 mm/y are considered. It was found 
to have the best combination of corro- 
sion resistance in oxidizing and reduc- 
ing conditions of 2.5% HCI solutions. 

• Base and weld metal samples exhibited 
equivalent or greater resistance to pitting 

and crevice attack in hot chloride salt so- 
lutions than the C-type alloys tested. 

1 The welding characteristics of the alloy 
are considered similar to C-type alloys, 
without any particular weldability issues 
encountered. ♦ 
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How to Choose a 
Bulk GMAW Wire 
Package 
An understanding of the different packaging options availabie can heip you 
achieve cost savings as well as increased production efficiency and productivity 

In these challenging economic times, 
manufacturers find themselves on a con- 
stant quest for ways to cut costs and 
streamline welding operations in the most 
efficient, productive manner. Effective so- 
lutions to this end result aren't always 
born of big changes, but small ones. 

One such way to achieve long-term cost 
savings and production efficiency focuses 
on wire packaging. By switching from 
small packaging to bulk packaging such 
as a drum or box, most shops will be able 
to reduce changeovers and costs almost 
immediately. 

Bulk packaging of gas metal arc weld- 
ing (GMAW) in drums, reels, or boxes 
weighing 250 lb or more can offer many 
cost advantages. Adopted by the welding 
industry several decades ago, bulk pack- 
aging has been widely used to maintain 
consistent, continuous, efficient wire feed- 
ing to the welding drive system. 

If you decide to use bulk GMAW pack- 
ages, it's necessary to evaluate the differ- 
ent options on the market and determine 
which solution is the best for your particu- 
lar welding operations. No two shops have 
the same wire feeding needs or layouts, and 
these should be taken into account when 
choosing the best wire delivery system and 
package. 

Evolution of Packaging 
Bulk GMAW wire has evolved over the 

years and now comes in a variety of op- 
tions that offer different features and ben- 
efits that enhance a variety of welding 
shop environments and applications. Im- 
portant factors to consider include the 
number of waste streams (e.g., cardboard 
box, plastic overwrap, steel frames, wood 
reels), wire placement in the welding joint, 
risk of tangling, setup, floor space, and 
storage. 

The first bulk wire package that made 
its way into shops was in the form of reels 
and drums that required rotation for 
proper wire payout, a choice that is still 
available today. These options provide the 
best wire placement, giving welders, au- 
tomated guns, and robots the ability to 
continuously place wire accurately and 
precisely in the weld joint. 

Bulk reels provide additional advan- 
tages for shops with limited storage and 
floor space, as they can be stacked on top 
of each other up to three high. 

However, rotated reel and drum pack- 
aging does have some disadvantages. They 
are the most expensive packages to set up, 
as additional, relatively expensive bulk 
wire feed payoff equipment is required to 
provide rotation. The setup also requires 
additional changeover time from one reel 
or drum to the next compared to some of 
the newer packaging options. 

Exposed wire can pick up contami- 
nants in the air such as dust or moisture 
that could affect welding performance. 

BY LISA BYALL 

There are protective covers for bulk reels; 
however, these add further expense. 

Rotated reels (Fig. 1) or drums are 
ideal for applications where critical wire 
placement is a must, such as on thin-gauge 
material or where small weld deposits are 
needed. Other ideal applications include 
automated or robotic applications with- 
out a welder to compensate for wire mis- 
placement. Such jobs include welds on 
water or propane tanks. 

The next bulk wire option is the non- 
rotated reel, which also offers accurate 
wire placement and minimal tangling — 
Fig. 2. Auxiliary setup is cheaper and sim- 
pler than rotated reels. And, storage is 
simple, as these reels also stack well in 
areas with limited space requirements. 

Like rotated reels, nonrotated reel 
packaging also exposes wire to the envi- 
ronment while in use. 

This type of bulk-packaged GMAW 
wire is ideal for hard automation applica- 
tions or for shops that already use rotated 
reels. 

All types of wooden reels — rotated 
and nonrotated — can be recycled and, in 
many cases, reused by the reel manufac- 
turer. 

A third type of bulk wire packaging 
comes in the form of nonrotated fiber- 
board drums. The biggest advantage of this 
packaging type, outside of the fact it of- 
fers good wire placement, is that the wire 
is not directly exposed to the environment 

LISA BYALL is the portfolio manager for Welding Consumables, The Lincoln Electric Co., Cleveland, Ohio, www.lincolnelectric.com. 
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Fig. 1 — Benefits of rotated reel packaging include accurate wire placement, minimal tan- 
gling, and the ability to be stacked for space-saving storage. Disadvantages include the need 
for additional, expensive equipment for wire payoff such as that shown here, and the wire is 
exposed to the environment. 

during use. In terms of change-outs, this 
packaging option offers simple setup with 
inexpensive, auxiliary payoff equipment, 
although some do require a payoff hat. In 
storage, nonrotated drums have a smaller 
footprint than reels and can also be 
stacked to minimize floor space. 

The biggest disadvantage usage to this 
type of bulk wire packaging is that it can 
feature multiple waste streams that are 
difficult to separate for disposal and re- 
cycling, including fiberboard and steel 
used for structural support at the top and 
bottom of the drum. These drums also are 
more susceptible to material handling is- 
sues as they do not have integrated pal- 
lets or straps and are often more challeng- 
ing to lift and move. Drums cannot be 
tipped or tilted as the wire loops can move 
and cause tangling during payout. 

The best applications for nonrotated 
drums are high-volume, semiautomatic 
welding, robotics, and those with space 
limitations. 

The fourth bulk package option is the 
nonrotated, corrugated cardboard box. It 
also features good wire placement, but is 
the most versatile option in terms of ease 
of use. This 100% recyclable alternative 
has a limited number of materials that are 
easy to separate into only a few waste 
streams — Fig. 3. It also offers integrated 
payoff, with no auxiliary payoff equipment 
required. Multiple product handling 
methods include straps or attached inte- 
grated mini pallets that are forklift-ready, 
offering maximum portability and capa- 
bility for recycling. 

This packaging choice can require 
more storage than other bulk options and 

can stack only two high for 1000-lb boxes 
and three high for 500-lb packages. How- 
ever, because such packaging is stackable, 
it still can reduce traditional storage 
methods by 50% or more, depending on 
the shop. 

Robotic and semiautomatic welding 
applications are the best fit for this bulk 
packaging option as it minimizes change- 
over to increase productivity. 

Questions to Consider 
Now that you're familiar with the dif- 

ferent options in bulk packaging (Fig. 4), 
as well as the features, benefits, and chal- 
lenges of each type, you can better assess 
which of the products would be the best 
for your bulk wire needs. 

In order to get the right bulk wire so- 
lution, consider the following questions 
during the selection process: 
• Is recycling a major concern? If so, look 

for a package that is recyclable or is 
made of easy to dispose of materials. 

• Would you like multiple lifting method 
options (e.g., one that can be picked up 
from the top or bottom)? If so, consider 
using packaging that offers integrated 
pallet and strap options. 

• Are you looking for bulk packaging that 
requires less auxiliary equipment? Con- 
sider an option with integrated payoff. 

• Is wire placement critical? Rotated reel 
packaging is your best option, followed 
by nonrotated reel packaging. 

• Do you have limited storage space? Be 
sure to select a product that has proper 
stacking ability. 
Every manufacturer requires different 

Fig. 2 — One advantage of nonrotated reels 
is that they require minimal additional 
equipment to operate, but, as with rotated 
reels, a disadvantage is that the wire is ex- 
posed to the atmosphere while in use. 

Fig. 3 —Nonrotated corrugated boxes such 
as this Accu-Pak® offer integrated payoff, 
multiple handling methods for maximum 
portability, and can be totally recycled. They 
feature minimal waste streams. 

Fig. 4 — Bulk GMAW wire packaging in- 
cudes nonrotated fiberboard drums, nonro- 
tated corrogated boxes, and rotated reels. 

packaging solutions to achieve cost sav- 
ings and increased production efficiency 
and productivity. Understanding your 
needs and how different packaging op- 
tions can meet them is the first step in se- 
lecting a bulk GMAW wire package that 
works best in your shop and ultimately will 
reduce downtime and changeovers to 
lower your bottom line. ♦ 
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Developing a Sensor 
for Measuring 
Diffusible Hydrogen 
An electrochemical sensor was successfully used to measure diffusible hydrogen 
content In welding consumables 

BY GIRISH KUMAR PADHY, V. RAMASUBBU, N. MURUGESAN, C. REMASH, AND S. K. ALBERT 

Diffusible hydrogen content is a detri- 
ment to predicting hydrogen-assisted 
cracking susceptibility in weidments of 
carbon and low-alloy steels (Ref. 1). The 
chief source of hydrogen in welds is the 
moisture content present in the flux cov- 
ering of the electrode (Ref. 2). During 
welding, the high temperature generated 
in the arc causes dissociation of available 
water molecules into hydrogen and oxy- 
gen atoms. Dissolution/absorption of the 
atomic hydrogen takes place in the weld 
pool from the arc atmosphere. During so- 
lidification and subsequent cooling, low 
solubility of hydrogen (~2 ppm) in fer- 
ritic steel at room temperature and the 
rapid cooling rate (80-150 K/s) of the weld 
pool results in supersaturation of hydro- 
gen in the deposited metal. Most of it is 
trapped in various defects such as grain 
and lath boundaries, dislocations, etc., in 
the weld and heat-affected zone (HAZ). 
Diffusion of hydrogen is possible only if 
it is released from the trap, which in turn 
depends upon the binding energy of the 
trap. Hence, only a part of the total 
trapped hydrogen, referred to as diffusible 
hydrogen (HD), tends to diffuse at or near 
room temperature (250-450C). Cracking 
is caused by interaction of the diffusible 
hydrogen with defects, which are locations 
of stress concentration in the welds. 
Hence, diffusible hydrogen content in the 
weld metal needs to be controlled to pre- 
vent cracking. 

The first step in avoiding cracking is 
using a suitable technique to measure dif- 
fusible hydrogen in the weld metal. Since 

the major source of hydrogen is the weld- 
ing consumables, they are classified based 
on the diffusible hydrogen content (HD) 
they produce (Ref. 3) in the weld metal. 
Higher HD indicates more hydrogen is in- 
troduced from the welding consumable 
into the weld metal, and the cracking sus- 
ceptibility of the weld produced using this 
consumable is, therefore, higher. An un- 
derstanding of the HD content is also use- 
ful for predicting the minimum preheat 
temperature to be employed during weld- 
ing of steels to avoid cracking (Refs. 4, 5). 
Estimation of HD content from a weld is 
carried out by measuring hydrogen 
evolved from the weld at a fixed temper- 
ature for a given duration. Methods rec- 
ommended for HD measurements by var- 
ious standards such as ISO 3690, AWS 
A4.3, DIN, BIS, and IS include gas chro- 
matography (Ref. 6) and mercury (Refs. 
7-12) methods. Measurements carried 
out using ISO 3690: 2000 and AWS A4.3 
have shown one-to-one correspondence 
(Ref. 13). However, these methods are not 
free from drawbacks. 

One limitation of the mercury method 
is that handling mercury is hazardous. A 
second limitation is that there is no scope 
to study the evolution of hydrogen from 
the weld as a function of time from a sin- 
gle specimen. Another limitation is that it 
is not possible to study the evolution of hy- 
drogen at high temperature. In this 
method, only hydrogen evolved at ambient 
temperature for 72 h after welding is meas- 
ured, whereas it is reported that hydrogen 
continues to diffuse out for a period as long 

as 21 days (Ref. 14). For welding consum- 
able manufacturers, the test duration of 72 
h is quite long, but time cannot be short- 
ened for this method as the measurement 
cannot be carried out at high temperatures. 
The gas chromatography method permits 
heating of samples up to a maximum of 
400oC; hence, test duration can be reduced 
by up to 0.5 h. However, the equipment is 
costly. The glycerin method (Ref. 15) for 
diffusible hydrogen measurement was dis- 
carded (Refs. 16-18) because of its lack of 
accuracy as compared to the gas chro- 
matography and mercury methods. The in- 
accuracy is attributed to the fact that hy- 
drogen is partially soluble in glycerin. Many 
other techniques such as mass spectrome- 
ter (Refs. 19, 20); low-frequency, imped- 
ance-based noncontact diffusible hydro- 
gen sensor (Ref. 21); and computer-aided 
determination of diffusible hydrogen (Ref. 
22) are also reported. 

Chemical sensors available for detec- 
tion and measurement of hydrogen in gas 
mixtures can also be used for HD meas- 
urement. The sensors commonly used for 
hydrogen monitoring and measurement 
include pellistor sensors (Refs. 23, 24), 
semiconductor sensors (Ref. 25), thermal 
conductivity-based devices, electrochemi- 
cal sensors, etc. Pellistor sensors detect 
combustible gases in atmospheres con- 
taining oxygen/air in concentrations ap- 
proaching the explosive range and are not 
suitable for diffusible hydrogen measure- 
ment since no oxygen/air is present in the 
gas mixture containing hydrogen. Semi- 
conductor sensors also operate on the 

GIRISH KUMAR PADHY, V RAMASUBBU, and S. K. ALBERT (shaju@igcar.gov.in) are with Material Joining Section, Material Tech- 
nology Div., andN. MURUGESAN and C. REMASH are with Material Chemistry Div., Chemistry Group, Indira Gandhi Centre for Atomic 
Research, Kalpakkam, Tamilnadu, India. 
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Fig. 1 — Schematic of the specimen assembly. 

basis of conductivity changes due to alter- 
ation in chemisorbed oxygen concentra- 
tion on hydrogen exposure; oxygen is re- 
quired along with hydrogen. Thermal con- 
ductivity-based devices can be used, but 
the device will be bulky and unsuitable for 
field application. Electrochemical sensors 
for hydrogen measurement include po- 
tentiometric (Refs. 26, 27) and ampero- 
metric (Refs. 28, 29). Potentiometric sen- 
sors are suitable at low concentrations, 
but are nonlinear in response. Ampero- 
metric sensors are linear in response and 
are widely used for hydrogen measure- 
ment. A modest comparison of all the 
available solid and liquid electrolytes 
showed that Nafion is the best available 
polymer membrane because of its high 
longevity (> 60,000 h), high chemical sta- 
bility, and high ionic conductivity to opt 
for PEM fuel cell applications (Refs. 
30-32). 

Earlier, an electrochemical sensor that 
featured a proton-conducting polymer, 
polyvinyl alcohol (PVA), as the electrolyte 
(H2/Pt//PVA//Pt/02), was used for meas- 
uring diffusible hydrogen (Ref. 33). The 
results obtained from the sensor agreed 
well with those of the standard gas chro- 
matography method. However, the PVA 
membrane suffers from poor long-term 
stability. Therefore, a more stable poly- 
mer, Nafion [H2/Pt//Nafion//Pt/02 (Ref. 
34)], is used as the electrolyte in the elec- 
trochemical cell. The present study 
demonstrates the successful application 
of this Nafion-based electrochemical sen- 
sor for measuring diffusible hydrogen in 
a variety of welding electrodes. 

Experiment 

Materials Used 

Test Specimen 

For the diffusible hydrogen measure- 
ment study, the specimen was prepared 
as per the Indian Standard IS-11802-1986 
(Ref. 11). A triplicate set of specimens 
comprised of a 30 x 15 x 10-mm sample 
piece and 44 x 15 x 10-mm run-on and 
run-off pieces was prepared from mild 

steel plates. Table 1 shows the chemical 
composition of the mild steel. The sam- 
ple was weighed to the nearest 0.01 g prior 
to welding. The triplicate set of specimens 
was assembled in a copper fixture. The di- 
mensions of the copper fixture were such 
that during welding, the heat was imme- 
diately conducted away from the test as- 
sembly to the copper fixture, and the max- 
imum temperature rise in the fixture was 
less than 5 K. Electrodes with different 
hydrogen levels were deposited on the 
specimen assembly with the shielded 
metal arc welding process. Figure 1 shows 
a schematic of the test piece. 

Hydrogen Collection Chamber 

The collection chamber (Refs. 35, 36) 
used to collect diffusible hydrogen is es- 
sentially a stainless steel chamber having 
an inlet and outlet connected to valves 
with good leak tightness when closed. The 
chamber can be opened or closed using a 
plug, and an O-ring helps ensure the plug's 
leak tightness. The chamber and valves 
were subjected to helium leak testing, and 
it was found that the leak rate was less 
than 10~9 seem. Figure 2 shows the speci- 
men chamber and plug. The volume of the 
chamber was measured by filling it with 
distilled water, draining the water com- 
pletely into a measuring jar, and measur- 
ing the volume of water. 

Gas Sampling Valve 

An eight-port gas valve with a sampling 
loop of known volume was used for sam- 
pling the gas from the specimen chamber 
for analysis. The sampling valve operates 
in two modes as shown in Fig. 3. Mode 1 
is the sampling mode, and Mode 2 is in- 
jection mode. In Mode 1, as shown in Fig. 
3A, the inlet of the sampling loop con- 
nects to the specimen chamber (sample 
gas) through ports 7 and 8, and the outlet 
opens to the atmosphere through ports 4 
and 3. In this mode only the carrier gas, 
which enters through port 5, passes onto 
the detector/sensor through ports 2 and 
1. In Mode 2, as shown in Fig. 3B, the inlet 
connects to the carrier gas line through 

Fig. 2 — Schematic diagram of hydrogen 
collection chamber. 

Table 1 — Chemical Composition (wt-%) of 
Mild Steel 

Element Composition (wt-%) 
C 0.205 
Mn 0.55 
Si 0.06 
P 0.039 
S 0.047 

ports 5 and 4, and the outlet to the detec- 
tor/sensor through ports 8 and 1. In this 
process, the carrier gas delivers the sam- 
ple gas collected in the loop while oper- 
ating in Mode 1 to the sensor. While op- 
erating in this mode, the specimen cham- 
ber is kept closed to conserve the gas in- 
side the specimen chamber. 

For analysis of the gas, the valve was 
initially operated at mode 1. The gas from 
the specimen chamber, which was filled 
at a higher pressure than the ambient 
pressure, was used to flush the sampling 
loop while the carrier gas was flowing into 
the sensor. After flushing, the valve was 
switched over to mode 2 operation and 
the carrier gas flowed through the sam- 
pling loop to the sensor carrying the gas 
trapped in the loop along with it. The sen- 
sor gives a signal corresponding to con- 
centration of hydrogen in the gas mixture. 

The Hydrogen Sensor 

The hydrogen sensor used is Nafion® 
117, a proton-conducting polymer elec- 
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Fig. 3 —A — Valve in Mode 1 for sampling the diffusible hydrogen gas; B — valve in Mode 2 for injection of sampled gas onto the sensor. 

Fig. 4 — Schematic of hydrogen sensor. 

trolyte working in fuel cell mode. The 
polymer is cast as a film, coated with plat- 
inum black on the sensing and counter 
electrode side. The sensing side of the 
coated polymer is exposed to the hydro- 
gen-argon gas mixture while the counter 
side is exposed to air. Thus, the sensor 
consists of hydrogen-exposed inner plat- 
inum film and air-exposed outer platinum 
film, with the conducting polymer Nafion, 
sandwiched between them acting as a fuel 
cell. A mechanical barrier limits the sup- 
ply of hydrogen at the sensing electrode. 
A schematic representation of the sensor 
with conducting leads is shown in Fig. 4. 
Hydrogen present in the Ar-H^ mixture 
gets chemisorbed at the sensing electrode 
and loses its electron to form H-h, which 
permeates through the polymer to reach 
the counter electrode where it encounters 
oxide ion (O2-, which is produced by the 
combination of the electrons lost by hy- 
drogen and oxygen from the ambient) to 
form H^O.The reactions taking place at 
the anode and cathode of the electro- 
chemical cell are as follows: 

At the anode: H2 -> 2H+ + 2e- 
At the cathode: 2H+ + V202 + le 

During conduction of the hydrogen ion 
through the polymer membrane, a short 

H20 

circuit current is pro- 
duced. A peak corre- 
sponding to the 
short circuit current 
was observed in the 
data acquisition sys- 
tem, which in turn is 
used to measure the concentration of hy- 
drogen in the sampling chamber. Figure 
5 shows the hydrogen sensor with its pre- 
amplifier and display unit. 

Diffusible Hydrogen Measurement 

Preparation of Specimen 

Five types of welding electrodes with 
different levels of hydrogen content were 
used for diffusible hydrogen measurement 
using the sensor. Details of the electrodes, 
the amount of baking they were subjected 
to, and the welding parameters employed 
for deposition are given in Table 2. P91M 
is an electrode for welding modified 9Cr- 
IMo steel with a composition modified 
from that of AWS Specification E9015- 
B9. The steel specimen blanks used for 
weld deposition were degassed by hold- 
ing them at 650oC for 1 h and subsequently 
stored in a desiccator. 

As soon as welding was completed, the 

*" \ La*,: 
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Fig 5 — Hydrogen sensor with preamplifier and read-out device. 

specimen assembly for HD measurement 
was immediately removed from the cop- 
per fixture, and quenched in ice cold water 
followed by liquid nitrogen. The test spec- 
imen was separated from the run-on and 
run-off pieces with a hammer within 4-6 
s. Any flux remaining on the weld speci- 
men was removed within 20 s and the spec- 
imen stored in liquid nitrogen. For the 
P91M electrode, two separate sets of dif- 
fusible hydrogen measurements were car- 
ried out: one using specimen blanks pre- 
pared from mild steel and another pre- 
pared from modified 9Cr-lMo steel. 

Using the Sensor 

Collection of Diffusible Hydrogen. For 
measurement of diffusible hydrogen using 
the sensor, the specimen stored in liquid 
nitrogen was taken out, cleaned with ace- 
tone, and transferred to the chamber. The 
chamber was flushed and pressurized with 
argon gas. The time interval for removing 
the specimen from the liquid nitrogen to 
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pressurization of the specimen chamber 
with argon is less than 1 min. After pres- 
surizing the chamber, hydrogen diffused 
out from the specimen is collected inside 
it at room temperature for 72 h. 

Measurement of HD Using the Sensor. 
Prior to measuring the concentration of 
hydrogen in the gas present in the cham- 
ber after 72 h of hydrogen evolution from 
the specimen, the sensor was calibrated 
for different concentrations of H2 in Ar 
with the help of the eight-port valve, which 
injects a fixed volume of the Ar + H2 gas 
mixture onto the sensor. A response cor- 
responding to the concentration of hydro- 
gen in the Ar + H2 gas mixture is obtained 
from the sensor, which is recorded with 
the help of a display unit and data acqui- 
sition system. After completing the cali- 
bration, the sampling loop inlet of the 
eight-port valve was connected to the 
specimen chamber. The loop was first 
flushed with the sample gas from the 
chamber, then the sample gas was injected 
into the sensor by switching over to the 
injection mode of the eight-port valve. A 
response corresponding to the concentra- 
tion of hydrogen in the chamber was 
recorded in the data acquisition system. 
As the specimen chamber is at a higher 
pressure than ambient, it was possible to 
repeat the measurement at least three 
times using the gas mixture available in 
the chamber. After measuring the dif- 
fusible hydrogen concentration, the weld 
specimen was taken out, cleaned, dried, 
and weighed. From the volume of the 
chamber, hydrogen concentration in the 
gas mixture, pressure of the gas inside the 
chamber, weight of the specimen, a HD 

content/100 g of the weld metal was esti- 
mated. For each set of specimens, several 
measurements were carried out and the 
average values reported. Diffusible hydro- 
gen measurement was also carried out for 

Table 2 — Baking and Welding Conditions of Different Electrodes 

Electrodes Baking Conditions Welding Current (A) 

not baked 
1250C/1 h 
250oC/2 h 

-1 250oC/2 h 
300oC/2 h 

no 
no 
no 
no 
90 

Voltage 

25 
27 
28 
27 
28 

each set of specimens by the ISO 3690 
standard (mercury method) and com- 
pared with the results obtained from the 
sensor (Ref. 10). 

Measurement of Diffusible Hydrogen with 
Respect to Time 

In addition to the standard 72-h meas- 
urement, diffusible hydrogen measure- 
ments were also carried out at different 
time intervals (0-24, 24-48, 48-72, 
72-120, 120-192, and 192-264 h) using 
the sensor. For durations up to 72 h, hy- 
drogen evolved for each 24-h interval was 
measured; but beyond 72 h, the duration 
of hydrogen collection increased because 
the hydrogen evolved from the specimen 
decreased considerably. The procedure 
for specimen preparation and HD meas- 
urement was the same as that discussed 
in the section titled Preparation of Speci- 
men. After measuring the concentration 
of hydrogen evolved for a certain time in- 
terval, the chamber containing the speci- 
men was flushed, pressurized again with 
argon gas to a known pressure, and the 
measurement repeated for the next inter- 
val. Measurements were continued until 
hydrogen concentration in the gas inside 
the chamber decreased below the reliable 
measurement range of the sensor. 

Results and Discussion 

Diffusible Hydrogen Content 

A typical sensor calibration with dif- 
ferent concentrations of hydrogen in the 
Ar-H2 mixture is shown in Fig. 6. The vari- 
ation of peak height with concentration 
of hydrogen is shown in Fig. 7. A linear 
relationship of peak height with the con- 
centration of hydrogen is indicated. The 
sensor was calibrated prior to each set of 
measurements. Using the calibration 
curve, the concentration of hydrogen in 
the gas mixture present in the specimen 
chamber was estimated. Subsequently, 
HD content per 100 g of weld metal was 
calculated from the mass of the weld 
metal, volume of the chamber, and pres- 
sure of the gas inside the chamber. 

Table 3 shows the results of the dif- 
fusible hydrogen measurements for weld- 
ing electrodes using the Nafion sensor. It 
also contains the results obtained from 
the mercury method using identical con- 
ditions. Good agreement was obtained for 
the results from the sensor and the mer- 
cury method for a wide range of elec- 
trodes. In fact, standard deviation was less 
for measurements made using the sensor 
than for those made using the mercury 
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Table 3 — Diffusible Hydrogen Obtained with Different Electrodes 

Base Metal + Electrodes 

Mild Steel + E6010 

Average 
Standard Deviation 

Diffusible Hydrogen Measured 
by Sensor Method (mL/100 g) 

18.26 
18.46 
18.00 
18.87 
17.81 

18.28 
0.369 

Diffusible Hydrogen Measured 
by Mercury Method (mL/100 g) 

18.31 
19.76 
17.28 
19.24 
18.73 
18.15 
18.58 
0.7956 

Mild Steel + E6013 

Average 
Standard Deviation 

9.54 
9.46 
9.11 
9.78 
8.94 

9.37 
0.302 

9.5 
10.02 
9.56 
8.91 
9.31 

10.07 
9.56 
0.4001 

Mild Steel + E7018-1 

Average 
Standard Deviation 

5.55 
5.62 
5.97 
5.81 
5.43 

5.68 
0.192 

6.14 
5.66 
5.85 
5.46 
6.02 
5.72 
5.81 
0.226 

Mild Steel + E7016 

Average 
Standard Deviation 

4.28 
4.15 
4.31 
4.17 
4.06 

4.19 
0.091 

4.12 
4.19 
4.48 
4.30 
4.25 
4.21 
4.26 
0.113 

Mild Steel + P91M 

Average 
Standard Deviation 

2.14 
2.07 
2.09 
2.14 
2.10 

2.11 
0.0279 

2.09 
2.23 
2.18 
2.15 
2.23 
2.24 
2.19 
0.0538 

9Cr-lMo + P91M 

Average 
Standard Deviation 

2.16 
2.12 
2.16 
2.30 
2.26 
2.15 
2.19 
0.0649 

2.15 
2.25 
2.43 
2.29 
2.11 
2.32 
2.26 
0.1065 

method. Therefore, the results prove that 
the Nafion-based hydrogen sensor can be 
used for diffusible hydrogen measure- 
ments in weld joints. 

Possible Applications 

Diffusible   hydrogen   measurement 
using this sensor opens up several possi- 

bilities in the study of hydrogen evolution 
from the welds, including as a function of 
time. Though the maximum duration for 
collection of diffusible hydrogen at ambi- 
ent temperature in standard methods of 
measurement is 72 h, hydrogen evolution 
continues even beyond then. Further, it is 
known that apparent diffusivity of hydro- 
gen varies widely with alloy content and 
microstructure (Ref. 37). Hence, the hy- 

drogen evolution rate can vary and the 
measurement method presented here can 
be used to study the effects of composi- 
tion and microstructure of the weld metal 
and HAZ on hydrogen evolution. Another 
possibility is to carry out hydrogen evolu- 
tion at high temperature and thus reduce 
the time needed for diffusible hydrogen 
measurement. As hydrogen from the spec- 
imen diffuses into the chamber, it is pos- 
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Fig. 8 — Rate of hydrogen evolution over time. Fig. 9 — Cumulative diffusible hydrogen content. 

Table 4 — Diffusible Hydrogen Evolution over Time 

Time Intervals Time Duration Average Diffusible Average Cumulative Average rate of 
of Hydrogen of Hydrogen Hydrogen Collected within Diffusible Hydrogen Hydrogen 
Collection (h) Collection (h) Certain Time Intervals Collected after Certain Time evolution 

(mL/100 g) (mL/100 g) (mL/100 g*hour) 

0-24 24 0.84 0.84 0.035 
24^18 24 0.60 1.44 0.025 
48-72 24 0.41 1.85 0.017 
72-120 48 0.37 2.22 0.008 

120-192 72 0.34 2.56 0.005 
192-264 72 0.16 2.72 0.002 

sible to heat the specimen to desired tem- 
peratures, thus accelerating hydrogen 
evolution and reducing the total measure- 
ment duration. Though none of these op- 
tions are possible with mercury or any of 
the manometric methods, they are avail- 
able with gas chromotography. However, 
high sensor sensitivity would enable meas- 
urement of diffusible hydrogen at levels 
much lower than that possible with the gas 
chromotography method. 

Hydrogen Evolution As Function of 
Time. The new sensor was successfully 
employed to study the evolution of hydro- 
gen as a function of time, one of the ap- 
plications mentioned previously. In this 
study, hydrogen concentration in the 
chamber was measured for different time 
intervals from a weldment of modified 
9Cr-lMo electrode (modified E9015-B9) 
on mild steel base metal up to 264 h. This 
electrode was chosen because it is an alloy 
steel electrode and, in the as-welded con- 
dition, the weld metal has a fully marten- 
sitic microstructure, and diffusion coeffi- 
cient for hydrogen in this class of steel at 
ambient temperature is two orders mag- 
nitude lower than that in mild steel. It was 
observed that evolution of hydrogen did 

not stop even after 264 h. Table 4 shows 
the diffusible hydrogen content measured 
at various intervals for modified E9015- 
B9 deposited on mild steel. As the time 
intervals are not equal, hydrogen evolu- 
tion per hour was estimated by dividing 
the hydrogen evolved by duration of evo- 
lution. The rate variations of hydrogen 
evolution with time are plotted in Fig. 8. 
This reveals an exponential decrease in 
the rate of hydrogen evolution with time. 
The total diffusible hydrogen collected 
after certain time periods are plotted 
against time in Fig. 9. It is clear that hy- 
drogen evolution is greatest within the 
first 24 h then decreases exponentially 
with time. Both figures clearly show that 
hydrogen evolution continues greatly be- 
yond 72 h, the maximum recommended 
duration for standard method HD meas- 
urements. However, it should be noted 
that the total diffusible hydrogen meas- 
ured after 72 h (1.85 mL/100 g) for differ- 
ent durations is lower than the diffusible 
hydrogen obtained for the single meas- 
urement carried out after 72 h (2.1 mL/100 
g). This could be because a single speci- 
men was used in the measurements car- 
ried out at different durations of hydro- 

gen evolution. The first 72 h was divided 
into three 24-h periods and during the 
measurements carried out for each of 
these intervals, a few hours were lost in 
between two successive measurements in 
the time taken for the measurement and 
subsequent flushing and filling of the Ar 
gas. Gas evolved during these periods was 
not collected. However, the results are 
sufficient to demonstrate that rate of hy- 
drogen evolution decreases with time and 
hydrogen evolution continues far beyond 
72 h. 

Conclusions 

The Nafion-based hydrogen sensor was 
successfully employed for measuring dif- 
fusible hydrogen content in welding con- 
sumables. Measurements were carried out 
for five different classes of welding con- 
sumables with diffusible hydrogen content 
in the range of 2-18 mL/100 g of weld 
metal using the sensor and the standard 
mercury method. Results obtained corre- 
late well with those obtained using the 
mercury method. One possible application 
for the new method, hydrogen evolution 
from the weld as a function of time, was 
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also demonstrated by conducting meas- 
urements on a weld of modified 9Cr-lMo 
steel electrode deposited on mild steel. It 
is shown that the rate of hydrogen evolu- 
tion decreases exponentially with time and 
it continues far beyond 72 h, the standard 
time for diffusible hydrogen measurement 
at ambient temperatures. ♦ 
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BRAZING b SOLDERING TODAY 

Comparing High-Temperature Nickel 
Brazing Filler Metals 

Brazing filler metals were tested and compared for their applications 
in industry and interest to design and industrial engineers 

BY GAVIN STRATFORD, ALUN BATTENBOUGH, LYDIA LEE, AND MIKE WEINSTEIN 

Environmental concerns have forced 
automotive manufacturers to design en- 
gines with reduced harmful emissions, and 
aerospace manufacturers are making im- 
provements to heat-transfer systems to 
keep both engine components and pas- 
sengers at comfortable temperatures. 
Nickel brazing is one way in which manu- 
facturers can optimize the costs associated 
with meeting these requirements. 

The automotive and heat-transfer 
equipment industries demand large pro- 
duction runs for parts and components. 
New families of brazing filler metals have 
been developed that offer the properties 
needed to meet the requirements of the 
manufacturing processes and the end 
product specifications, both technically 
and commercially. 

The Ni-P and Ni-Cr-P alloys are used 
in assembly of parts in nuclear power 
plants and some defense applications. 
These alloys led the way to the evolution 
of the newer Ni-Cr-Si-P alloys being used 
today to provide the productivity and per- 
formance required. 

This article provides a comprehensive 
description and evaluation of the Nicro- 
braz® Ni-Cr-Si-P filler metal alloys, in- 
cluding their brazing characteristics, cor- 
rosion resistance, mechanical strength, 
and microstructural properties that will be 
useful to design and other engineers. 

Introduction 

High-temperature brazing filler metals 
containing phosphorus as a major melting 
point depressant have been available for 
many decades (Ref. 1). Such alloys include 
AWS BNi 6 (Nicrobraz 10), AWS BNi 7 
(Nicrobraz 50), and AWS BNi 12 (Nicro- 
braz 51) (Ref. 2). 

Table 1 — Ni-P-Cr-Si Brazing Filler Metal 
Alloy Nominal Chemical Compositions 

Fig. 1 — Example of Ni-P-Cr-Si alloy braz- 
ing filler metal powder. 

These brazing filler metals have the ad- 
vantage of being free flowing even in a soft 
vacuum or protective atmosphere such as 
cracked ammonia. The absence of boron is 
another advantage, especially when brazing 
thin metal sections sensitive to base metal 
erosion. The absence of boron gave rise to 
their use in nuclear power applications. 

In recent years, several new brazing 
filler metals containing phosphorus have 
been added to this range in which phos- 
phorus and silicon have been used to- 
gether to provide enhanced corrosion re- 
sistance and joint strength combined with 
improved substrate structural integrity 
through minimized alloying interactions 
between the filler and the base materials. 

Brazing Filler Metals 

The three brazing filler metals and 
nominal compositions investigated are 
shown in Table 1. 

The powders were manufactured by in- 
duction melting and gas atomization, and 
screened to AMS/AWS MOT (-106, + 45 
|im) particle size distribution. A photo of 
the powder shown in Fig. 1 illustrates the 
desired spheroidal morphology. 
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Table 2 — DTA Analysis from Ni-P-Si Brazing 
Filler Metal Powders Showing the Solidus and 
Liquidus Estimations 
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The following tests were carried out: 
• Melting range determinations by dif- 

ferential thermal analysis (DTA) (Fig. 3) 
and cooling curve 

• Furnace brazing trials including joint 
clearance filling performance tests 

• Tensile testing of brazed joints 
• Corrosion resistance comparison 
• Filler metal aggression testing 
• Metallographic examination 
• Microhardness testing. 

Experimental Program 
Results 

Melting Characterization and 
Brazing Temperature 
Determination 

The DTA testing involves heating or 

ALUN BATTENBOUGH, LYDIA LEE, and MIKE WEINSTEIN are with Wall Colmonoy Corp. (www.wallcolmonoy.com), and GAVIN 
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Fig. 3 — Differential microvolts vs. temperature. 

Fig. 2 — Cooling time vs. temperature curve. 

-n»» «ei7- 

OOBt' 

. 
■—•■'■*-■-• 

l_ mcroD>azs-<M 

avwvui 

i                    i                    i                    i                    i 1 

Hofizomal 

o        ooos       e«i       eoi»       on 
Cap WMth (lnch»»l 

Fig. 4— Variable clearance test fixture with vertical orientation (R. L. 
Peaslee). 

Fig. 5 — Maximum gap filling performance of Ni-P-Cr-Si brazing 
filler metal powders. 

cooling the test sample and a known ref- 
erence sample under identical conditions 
while recording any temperature differ- 
ence between the sample and the refer- 
ence. Differential temperature rises that 
occur during the thermal cycle between 
the tests and reference samples allow de- 
termination of the solidus and liquidus 
temperatures. 

In the case of the Ni-P-Cr-Si alloys, 
DTA testing and direct cooling curve plots 
produced solidus and liquidus tempera- 
ture estimates for each alloy. These values 
are presented in Table 2, while Fig. 2 

shows examples of test data for a specific 
lot of Nicrobraz 152. 

The solidus temperatures on heating 
and cooling for Nicrobraz 31 and 152 are 
nearly identical. Nicrobraz 33 requires a 
slightly higher temperature before the 
onset of liquation. Nicrobraz 31 has the 
highest liquidus temperature on heating 
and cooling followed by 152 and 33, re- 
spectively. A similar relationship also ex- 
ists for alloy melting range with Nicrobraz 
31 demonstrating the broadest range fol- 
lowed by 152 and 33, respectively. 

While the solidus temperature is con- 

Table 3 — Recommended Brazing Tempera- 
ture for the Ni-P-Cr-Si Brazing Filler Metal 
Powders 
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sidered the minimum temperature for liq- 
uid-solid diffusion interactions to occur, 
the liquidus represents the point at which 
good capillary flow can take place with 
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Table 4 — Filler Metal Spreading Ratios 

Filtef Metal Sprefldr>g Rdbo 
Nctobrart 31 2d% 
Nicobw* n 41% 
NtaobmZ'tl 53% 

Table 5 — Dilution Depth over an Ex- 
tended Period at Brazing Temperature 
for 1 h as a Function of BFM Type and 
Substrate Material 
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wide solidus/liquidus ranges often indicat- 
ing the ability to fill larger joint clearances. 

Once the solidus and liquidus were as- 
certained, a recommended brazing tem- 
perature was determined based on these 
values. The recommended brazing temper- 
ature for the range of Ni-P-Cr-Si brazing 
filler metal powders is shown in Table 3. 

Recommended brazing temperatures 
and furnace cycles are predicted based on 
the combination of heating and cooling 
tests above and visual examination of 
brazed T-specimens (Ref. 3). 

It should be noted that there is no spe- 
cific temperature for brazing. Each combi- 
nation of parts assembly and brazing filler 
metal is unique and will have a brazing 
"window" bounded by time, temperature, 
atmosphere, and fixturing conditions. 

Joint Clearance Filling 
Characteristics 

The filling characteristics of these braz- 
ing filler metals were investigated using a 
test piece with a varying joint clerance 
shown in Fig. 4. The samples were brazed 
at a temperature of 2050oF (11210C). The 
filling characteristics for each alloy were 
measured and the results are shown in 
Fig. 5. 

For experiments with the Ni-Cr-Si-P 
alloys, the fixture required a larger shim 
which set the maximum joint clerance to 
approximately 0.040 in. (~1 mm). 

A horizontal fixture was also prepared 
so that the capillary filler metal flow could 
be studied when oriented perpendicular 
to the gravity force component. 

Under each test orientation, the setup 
was constructed so there was zero clear- 
ance at the base of the V-joint. 

The results show that the Ni-P-Cr-Si al- 
loys were able to fill joint clearances far in 
excess of 0.01 in. (0.25 mm), and the effect 
of gravity on joint orientation can be seen. 
Nicrobraz 33 had superior joint clearance- 
filling properties in both vertical and hori- 
zontal configurations compared to 152. 

Nicrobraz 31 is better than the other 
filler metals in the horizontal setup but did 
not perform as well in the vertical orienta- 
tion due to a lower ability to flow under 
capillary action against gravity compared 
to the filler metals with higher phospho- 
rus contents. 

Wettability 

Spreading ratios may be used as an in- 
dication of wettability (Ref. 4). A spread- 
ing test was performed by applying 0.2 g of 
filler metal near the center of a 3- x 3-in. 
(76.2- x 76.2-mm) 316L stainless steel 
coupon, and heating in a vacuum furnace 
to 2050oF (11210C) at lO"3 to lO"4 torr. 
The spreading ratio was calculated as the 
percentage of a 4 in.2 (101.6 mm2) area 
covered by the filler metal. Comparison 
data are shown in Table 4. 

This test, as performed, is qualitative 
and indicates relative differences between 
how these filler metals wet stainless steel 
under given furnace atmosphere condi- 
tions. The filler metals with higher 
chromium and phosphorus contents (152 
and 33) were shown to cover the greatest 
surface area, respectively. This suggests that 
the variation in silicon content has minimal 
influence on brazing filler metal wettability 
in the presence of a 316L stainless steel 
substrate. 

Filler Metal Aggression Tests 

Filler metal aggression tests were car- 
ried out on a number of substrate materi- 
als where dilution depth was used to pro- 
vide an indication of base metal erosion 
potential. Nicrobraz LM was included 
within the test regime in addition to the 
three representative boron-free filler 
metal powders. The test coupon design is 
presented in Fig. 6, and the results are out- 
lined in Table 5 and Fig. 7. 

Compared to Nitronic® 60 and 316L 
stainless steel, Inconel® 625 was clearly 
more susceptible to filler metal erosion — 
Fig. 7. Nicrobraz 152 attained significant 
dilution (0.08 in. (2 mm)) or more than ten 
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Fig. 6. General arrangement of the aggression test coupon. Fig. 7 — BFM dilution depth of representative Ni-P-Cr-Si brazing 
filler metals and substrate materials. 
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fig. 9 — Jfoe butt-joint tensile performance ofNi-P-Cr-Si brazing filler 
metal powders. 

Fig. 8 
Ref.5. 

General arrangement of the butt-brazed specimen as per 
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Fig. 11 — General arrangement of the lap-joint tensile specimen (Ref 
6). 

Fig. 10 — The lap-joint tensile performance of Ni-P-Cr-Si brazing 
filler metal powders. 

times that achieved by 31, which produced 
the second-highest result of 0.0078 in. 
(0.198 mm). Nicrobraz LM produced the 
lowest dilution level for Inconel 625. 

Brazing filler metal aggression tests 
carried out on Nitronic 60 and 316L using 
Nicrobraz LM showed the highest com- 
parative dilution levels within this test 
regime with Nicrobraz 31 demonstrating 
the lowest erosion potential. 

Joint Tensile Strength 

The three brazing filler metals were 

used to make 
brazed butt joint 
test specimens in 
accordance with 
AWS C3.2M/C3.2: 
2008, Standard 
Method for Evaluat- 
ing the Strength of 

Brazed Joints (Ref. 5). The general speci- 
men design is shown in Fig. 8. 

The samples were then subjected to 
uniaxial tensile testing. The results are 
shown in Fig. 9. 

The uniaxial tensile test results show 
that the alloys produce joints with excel- 
lent tensile strength with UTS values in ex- 
cess of 35,000 lb/in.2 (241 MPa). Nicrobraz 
31 and 33 achieved superior tensile 
strengths compared to Nicrobraz 152. 

Further work carried out on brazed lap 
joint specimens in accordance with JIS Z 

3192 demonstrated that under tensile 
loading, these alloys exhibited strengths in 
the order of 42,800 to 45,200 lb/in.2 (295 to 
312 MPa) — Fig. 10. Nicrobraz 31 and 33 
achieved superior tensile strengths than 
152. The general lap-joint specimen de- 
sign is shown in Fig. 11 (Ref. 6). 

Corrosion Resistance 

Three 316L stainless steel T-piece 
joints were subsequently brazed with the 
alloys under consideration and immersed 
in a solution of 2.5% H2S04 + 0.5% 
HNO3 for 240 h (-10 days). The solution 
was analyzed to determine the pickup of 
silicon and phosphorus ions lost from the 
brazed joints due to corrosion of the joint. 
This allowed a ranking to be developed 
based on the dissolution of Si and P ions 
into the corrosive media during the test. 
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Fig. 12—Ni-P-Cr-Si brazing filler metal corrosion performance. 

The results, charted in Fig. 12, show 
Nicrobraz 33 had three times greater re- 
sistance to acidic media attack than 152, 
attributed to its relatively high chromium 
and silicon contents (Ref. 7). 

Metallographic Examination 

Sections were cut from the brazed T- 
pieces for metallographic examination. A 
cross section of a Nicrobraz 31 joint is 
shown in Fig. 13. 

Energy-dispersive X-ray (EDX) spot 
chemical microanalysis was performed on 
the "dark" and "light" regions within the 
lathe-like structure. This lathe-like struc- 
ture represented the ductile Cr-Ni-rich 
matrix phase containing the harder Cr-Ni- 
P-rich phases. The results of EDX chemi- 
cal microanalysis are shown in Fig. 14. 

Although the Ni-Cr-P-Si filler metals 
are able to fill joint clearances by capillary 
action far in excess of 0.01 in. (0.25 mm), 
filling relatively large joint clearances 
often requires a prolonged hold time at 
maximum brazing temperature, which can 
promote further precipitation and growth 
of hard centerline phases. 

Most brazing filler metals exhibit 
non-congruent melting characteristics, 
whereby liquid and solid phases coexist 
between the solidus and liquidus temper- 
atures. It is always desirable to make a 
braze joint that has a minimal degree of 
continuous hard intermetallic centerline 
phases that reduce strength and ductility 
(Ref. 8). Figures 15 and 16 show braze fil- 
let micrographs from Nicrobraz 152 and 
33 horizontal variable clearance tests at 
joint clearances of 0.003 and 0.002 in. 
(~0.075 and ~0.05 mm), respectively. 
The degree of discontinuous centerline 

phases found within 
each fillet is shown to be 
comparable. 

The micrographs 
presented in Figs. 17 and 
18 show horizontal 
clearance test fillets with 
joint widths in excess of 
0.009 in. (-0.23 mm). 
The results show that 
Nicrobraz 33 filled 
larger joint clearances 
while maintaining lower 
levels of continuous 
hard centerline phases 
than the 152 test. 

Figures 19 and 20 
show microhardness test 
results for various sized 
Nicrobraz 152 and 33 
braze fillets comprising 

varying networks of intermetallic hard 
phases. The nonintermetallic zones within 
each of the representative brazed fillets 
(Figs. 20, 21) demonstrate microhardness 
values of 156 and 105 DPHjgog, respec- 
tively. The intermetallic centerline regions 
are considerably harder in comparison, 
with 152 producing the highest reading of 
288DPH1oog. 

Discussion and 
Conclusions 

A test program has shown that Nicro- 
braz Alloys 33 and 31 outperform 152 in 
terms of joint clearance fill capacity, joint 
strength, and corrosion resistance. 

Variable joint clearance capillary flow 
testing established that the joint clearance 
filling performance of 33 surpassed that 
for 152 in both vertical and horizontal con- 
figurations. Nicrobraz 31 appeared to 
excel in the horizontal position but 
demonstrated the poorest vertical flow 
characteristics. Under vertical orienta- 
tion, the higher phosphorous content in 
Alloys 33 and 152 may have been respon- 
sible for promoting a freer-flowing alloy 
whose capillary action is less affected by 
gravitational force. 

The free-flowing influence through 
higher phosphorus content was further re- 
inforced by the wettability characteristics, 
which exhibited spreading ratios ranging 
from 29% (Alloy 31) to 53% (Alloy 152). 

Filler metal aggression testing estab- 
lished that with the exception of Inconel® 
625, each of the representative boron-free 
filler metals showed lower base metal ero- 
sion potential compared to Nicrobraz LM 
with Nicrobraz 31 demonstrating the best 

Fig. 13 — Metallographic cross section of a 
brazed Alloy 31 T-piece. 

Fig. 14 — Electron micrograph of lathe 
structure in Alloy 31 brazed joint detailing 
local chemical microanalysis. 

Fig. 15 — Alloy 152 section from hori- 
zontal variable clearance test showing 
brazed joint of approximately 0.003 in. 
(~0.075mm). 

Fig. 16 —Alloy 33 section from horizontal 
variable clearance test showing brazed joint 
of approximately 0.002 in. (~0.05mm). 
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overall performance. 

Careful consideration of joint designs 
and the type of testing performed is always 
required in brazing applications. Many as- 
semblies to be brazed are designed with lap 
joints rather than butt joints. The relation- 
ships between filler metal shear strength 
and joint design are illustrated in more de- 
tail in the Brazing Handbook, 5th edition 
(Ref. 9). Joint designs can generally be 
made with sufficient load-carrying area to 
ensure that the assembly will be functional. 

Butt-joint uniaxial tensile strength test- 
ing carried out as part of this investigation 
is a relevant method of establishing com- 
parative results for the three representa- 
tive Nicrobraz alloys in which 31 obtained 
the highest tensile strength ~40,000 lb/in.2 

(276 MPa), followed by 33 (36,000 lb/in.2 

(248 MPa)), and 152 (35,000 lb/in.2 (241 
MPa)). 

Similar work using brazed lap-joint 
specimens showed even higher tensile 
strengths (42,800 to 45,200 lb/in.2 (295 to 
312 MPa)) than those achieved using the 
butt-joint design. The order of tensile 
strength performance was the same for 
each joint configuration. 

The lathe-like structure produced after 
brazing a 316L stainless steel T-piece using 
Alloy 31 comprised hard Cr-Ni-P-rich 
phases within a more ductile Ni-Cr matrix. 
Nicrobraz 31 being the lowest phosphorus- 
containing alloy of the group would have 
greater ductility resulting in its enhanced 
ultimate tensile strength properties. 

Microstructural examination of hori- 
zontal variable joint clearance samples re- 
vealed that under wider joint clearance 
conditions (0.009 to 0.011 in. (0.23 to 0.27 
mm)), Nicrobraz 33 produced braze fillets 
with fewer brittle intermetallic centerline 
phases compared to 152. 

Microhardness testing established that 
the continuous centerline fillet produced 
using Nicrobraz 152 is hard and brittle in 
contrast to the softer semicontinuous net- 
work formed with 33. It is also important 
to note that the Nicrobraz 33 braze fillet is 
almost double the width of that observed 
for 152. 

Corrosion performance characteristics 
of brazing filler metals are extremely im- 
portant in many applications including au- 
tomotive, aerospace, and nuclear power 
generation. Following immersion trials 
within an oxidizing sulfuric plus nitric con- 
taining media, Nicrobraz 33 demonstrated 
the highest resistance to corrosion, fol- 
lowed by 31 and 152, respectively. 

Chromium as a major alloying element 
in nickel alloys is well known for its ability 
to provide improved resistance to oxidiz- 

Fig. 17 — Alloy 152 section from hori- 
zontal variable clearance test showing 
brazed joint of approximately 0.009 in. 
(~0.23mm). 

Fig. 19 —Alloy 152 section from horizon- 
tal variable clearance test showing micro- 
hardness indents within a brazed joint of 
approximately 0.006 in. (~0.15mm). 

ing media and attack by hot sulfur-bearing 
gases (Ref. 10). Although the chromium 
content of Nicrobraz 33 and 152 is similar, 
the corrosion results clearly demonstrate 
that a small increase in silicon content 
(~2.5%) greatly enhances the oxidation 
resistance of the representative Ni-P-Cr- 
Si alloys. 

Nicrobraz 33 and 31 demonstrated en- 
hanced brazing properties and characteris- 
tics in comparison to 152, and for many ap- 
plications would make good alternatives for 
many phosphorus-containing boron-free 
brazing filler metals. ♦ 

References 

1. Development and evaluation of a Ni- 
Cr-P brazing filler metal. 1976. Sheward 
and Bell. Welding Journal 55(10): 285-s to 
292-s. 

2. Technical Data Sheet 2.1.1, Rev.U. 
2005. Wall Colmonoy Corp. 

3. Technical Data Sheet 2.2.15. 2005. 
Wall Colmonoy Corp. 

Fig. 18 —Alloy 33 section from horizontal 
variable clearance test showing brazed joint 
of approximately 0.011" (~0.28mm). 

K 
DPH  ,. • 277 

• 1M 
> 

* 
■■—1" 

Fig. 20 —Alloy 33 section from horizontal 
variable clearance test showing microhard- 
ness indents within a magnified area of a 
0.011 in. (~0.28mm) brazed joint. 

4. Characteristics of a newly developed 
nickel brazing filler metal. Tanaka, Hi- 
dake, and Nagai. 2000 Powder Metallurgy 
World Congress. 

5. C3.2M/C3.2:2008, Standard Method 
for Evaluating the Strength of Brazed Joints. 
American Welding Society, Miami, Fla. 

6. Specimen Number 3B, JIS Z 3192- 
1999: Methods of Tensile and Shear Tests for 
Brazed Joints. 

1. Development of nickel-chromium- 
silicon base filler metals. Lugsheider, E., 
Knotek, O., and Klohn, K. 1978. Welding 
Journal 57(10): 319-s to 323-s. 

8. Hartloeten und Hochtemperaturloeten 
— Grundlagen und Anwendung. Dorn, L., 
Iversen, K., Stroiczek, M., Tillmann, W, 
and Weise, W 2007. Kontakt & Studium 
Band 677. Expert Verlag Renningen. 

9. Brazing Handbook, Ch. 2, 5th edi- 
tion, pp. 56-59. American Welding Soci- 
ety, Miami, Fla. 

10. Nickel, Cobalt, and Their Alloys, 
ASM Specialty Handbook, 2000. Dec. p. 
129. 

WELDING JOURNAL 



BRAZING b SOLDERING TODAY 

Tips for Creating 
Consistency in Soldering 

Solderers can achieve lower defect rates by paying attention to key elements, 
including temperature control and energy flow from the soldering iron to the joint 

Poor hand soldering results are costing 
electronic manufacturers thousands of 
dollars every year. There's no secret to pro- 
ducing a good solder joint; the challenge 
comes with repeating this feat for all joints 
in the assembly at production speeds. 

The characteristics of a good solder 
joint are well understood, and established 
soldering standards such as IPC J-STD- 
001, Requirements for Soldered Electrical 
and Electronic Assemblies, provide an ac- 
curate guide to achieving satisfactory re- 
sults. However, production departments 
frequently experience yield and through- 
put deficiencies equating to more than the 
cost of employing an additional operator. 
Finding a solution can make an apprecia- 
ble difference to business performance. 

Understanding four factors will help 
establish a robust and consistently repeat- 
able soldering process, resulting in lower 
defect rates and ownership costs. These 
include optimizing the flow of energy from 
the soldering iron to the joint, and then 
understanding how performing multiple 
soldering operations in rapid succession 
can alter this flow. With this knowledge, 
the relevant equipment performance pa- 
rameters can be assessed. 

The Tip-Heater Interplay 

Figure 1 describes how energy is trans- 
ferred into the connection, from the sol- 
dering iron, to raise the joint to a suitable 
soldering temperature. The IPC J-STD- 
001 soldering standard, as well as many 
proprietary standards based on its recom- 
mendations, specify this as 40oC above the 
solder alloy's melting point. The best prac- 
tice, then, is to keep the iron on the joint 
for between 2 and 5 s. This is the accepted 
methodology to produce a solder joint 
that has an intermetallic layer around 1 
micron thick, which is considered optimal 
for maximum electrical performance and 
physical reliability. Figure 1 also focuses 

on energy transfer as the mechanism that 
drives a temperature rise. This analysis 
demonstrates how the soldering iron's 
properties influence a series of solder 
joints getting formed. 

When the soldering iron tip first comes 
into contact with the pad, thermal energy 
stored in the tip is transferred to the joint's 
site. As this stored energy is dissipated, the 
soldering iron heater becomes the main 
source of energy necessary to form the 
joint. Efficient delivery of heater energy, 
through the main body and face of the tip, 
will lead to rapid melting of the solder 
alloy as its temperature increases. 

This energy-flow model highlights two 
important aspects of the soldering iron's 
performance. First, the thermal properties 
of the tip, including its mass, dimensions, 
and constituent materials, are crucial in de- 
livering the heater energy to the site of the 
joint to be created. Second, the heater must 
respond quickly to the sudden application 
of a thermal load, so that the joint can at- 
tain the recommended temperature 
quickly and smoothly without experiencing 
excessive temperature drop or overshoot. 

Examining the performance of com- 
mercial soldering irons shows appreciable 
differences between indicated tempera- 
ture and actual tip temperature during the 
creation of a soldered joint. This can pre- 
vent operators from meeting the condi- 
tions recommended in applicable solder- 
ing standards, leading to the risk of 
substandard or rejected joints. 

Tip Characteristics 

Clearly, the tip's size and shape has an 
important influence on heat-transfer effi- 
ciency. If the tip has low thermal mass 
compared to that of the joint, the amount 
of stored energy will be low, and the initial 
temperature rise will be slow. If the face 
size is insufficient to ensure a suitable con- 
tact area with the solder joint, the transfer 

of stored energy and heater energy will be 
impaired, which will also act to slow down 
the rate of temperature rise. 

Figure 2 shows the effect of choosing 
an incorrect tip that maintains 50% con- 
tact with the joint, resulting in failure to 
reach the IPC-recommended soldering 
temperature. During the heater-power 
phase, the length and width of the tip will 
determine how efficiently the heater en- 
ergy can be conducted to the tip face. 

Hence, if the tip is long and thin with a 
low thermal mass and a small face size 
compared to the joint, its ability to deliver 
thermal energy to the site of the joint will 
be low. This will result in a slow tempera- 
ture rise, leading to slow joint formation. 

An over-large tip is also undesirable. 
Excessive stored energy may damage the 
printed circuit board pad, and a face size 
that is too large may result in bridging. Se- 
lecting a suitable tip size for the operation 
at hand is important if operators are to 
produce large numbers of acceptable sol- 
der joints at a high rate of throughput. 

The tip-plating thickness also has an 
appreciable effect on the transfer of en- 
ergy. A thick plating may be applied to ex- 
tend the lifetime of the tip, but it will neg- 
atively influence thermal conductivity. The 
shape of the tip affects thermal perform- 
ance as well. Some tips on the market are 
unnecessarily stylized; for example, with 
various flats, step downs, and constrictions 
along the length. These may look attrac- 
tive, and in some cases serve a minor func- 
tional purpose, but they actually restrict 
the thermal performance of the tip. 

The best possible tip shape is not ex- 
cessively long, is smoothly tapered, has a 
chisel-shaped face that should be matched 
in size to the joint, and does not have ex- 
cessive plating thickness. It should have 
sufficient mass to help deliver the neces- 
sary energy into the thermal load to raise 
the solder alloy above its melting point 
within an acceptable time. 

Based on information from OK International, Garden Grove, Calif, www.okinternational.com. 
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Pb-Sn vs. SAC Process Window 
X 

Fig. 1 — The Pb-Sn vs. Sn/Ag/Cu (SAC) process window shows en- 
ergy transferfrom the soldering iron into the connection, to heat the 
joint to a temperature suitable for soldering. 

Tip Face to Pad Face Area 

i 
I: 

:/>  -P ^ 
Fig. 2 — Selecting an incorrect tip that maintains only 50% contact 
with the joint results in failure to reach the IPC-recommended sol- 
dering temperature, as shown in the tip face to pad face area graph. 

Many operators expect to use only one 
size and type of tip while soldering. In prac- 
tice, having the freedom to choose a differ- 
ent tip for certain tasks will enable opera- 
tors to accelerate good joint production. 

Heater-Control Strategy 

Assuming the operator has chosen the 
optimum tip for a given sequence of sol- 
dering tasks, solder joint formation de- 
pends on effective management of the 
heater power. Bearing in mind the role of 
the tip, implementing a heater with higher 
wattage — rather than setting a higher tip 
temperature — is the most effective way 
to quickly raise the solder to its molten 
state. In addition, the tip will experience a 
smaller temperature drop when applied to 
the load, and it will also recover its normal 
operating temperature more quickly after 
completion. Both of these factors are im- 
portant if operators are to produce large 
numbers of high-quality solder joints in 
rapid succession. 

Ensuring adequate heater power for 
the range of soldering tasks to be per- 
formed is a prerequisite. However, con- 
trolling that power is vitally important if 
other hazards such as potentially damag- 
ing thermal overshoot are to be avoided. 

If the heater has a fixed power rating, 
this will impair its ability to provide suit- 
able control. It can only operate at its 
rated power to maintain the preset tip 
temperature as energy is transferred from 
the tip to the solder joint. In addition, the 
tip-temperature sensor is usually located 
in the main body of the soldering iron, 
away from the face. It will always suffer 

l: 

from some inherent 
lag as the tip tem- 
perature fluctuates. 

A soldering iron 
station with a built- 
in digital tempera- 
ture meter may ap- 
pear to offer a 
solution. The user 
can preset the oper- 
ating temperature 
and test that the tip 
matches this preset 
value by touching 
against a built-in test 
point. Many produc- 
tion managers be- 
lieve this offers a sat- 
isfactory assurance 
of correct soldering 
iron adjustment and 
expect the tool will deliver repeatable per- 
formance on the factory floor. The load 
placed on the soldering iron during such a 
test is appreciably lower than that imposed 
during a soldering operation. It's essen- 
tially a static test that, in practical terms, 
simply confirms the calibration of the tip- 
temperature sensor against that of the test 
sensor. The operator can gain no repre- 
sentative information regarding how the 
soldering iron will perform when working 
to complete a sequence of, for example, 
eight or more solder joints performed in 
rapid succession. 

Under thermal load, the temperature 
of a typical soldering iron tip can be shown 
to diverge markedly from that indicated by 
the digital temperature gauge. Fitting a 
thermocouple close to the end of the tip 

Undershoot and Overshoot 
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Fig. 3 — This undershoot and overshoot outcome is from a solder- 
ing operation fitting a thermocouple close to the tip's end and record- 
ing its response in relation to the digital temperature gauge. 

and recording its response in relation to 
the digital temperature gauge during a sol- 
dering operation has produced the results 
shown in Fig. 3. This shows a large drop in 
actual tip temperature as the tip is placed 
on the joint. The instrument's digital tem- 
perature indicator does not show this 
drop. The temperature reading is damped 
due to the action of the sampling and av- 
eraging circuitry placed between the tip- 
temperature sensor and gauge. 

In addition. Fig. 3 shows an appreciable 
temperature overshoot as the heater con- 
trol overcompensates for the detected fall 
in tip temperature. Because the recom- 
mended temperatures and time periods in- 
dicated in the soldering standards do not 
take such oscillations into account, these 
can result in substandard joints or will slow 
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Tip Idle: Measuring Speed 

Inductively heated 
unit 
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Fig. 4 — The speed of an inductively heated unit vs. two conventional soldering irons is meas- 
ured in making nine solder joints. 

down joint formation with a corresponding 
effect on productivity. A temperature 
overshoot carries the potential to damage 
the board or component, and in any case, 
indicates below-optimal process control. 

Manage Energy, 
Not Temperature 

The key to the problem lies with the 
fact that temperature-controlled solder- 
ing irons are philosophically not designed 
to manage thermal energy. Instead, the 
heater, which is usually ceramic, is turned 
on if the embedded temperature sensor 
reads too high and off if the sensor reads 
too low. In practice, when the heater con- 
troller receives the signal to turn on, the 
tip temperature will have already fallen 
below its set point. The heater is then run 
at its maximum power to increase the tip 
temperature and will invariably cause the 
temperature to overshoot. 

As an alternative to a conventional 
thermostatically controlled heater, induc- 
tive heating allows the maximum temper- 
ature of the tip to be governed without 
using temperature-sensing or control cir- 
cuitry. An inductive heater suitable for use 
in a soldering iron comprises a copper slug 
coated with magnetic material, which is 
wound with the current-carrying coil to 
form the heater. The properties of the 
magnetic coating can be adjusted so that 
its Curie temperature coincides with the 

preset maximum temperature for the sol- 
dering iron. At the Curie temperature, the 
coating loses its magnetic properties so 
that the inductive heating action ceases. 
The temperature of the slug can never 
overshoot this natural maximum. When a 
thermal load is applied by placing the iron 
on the solder joint, the slug falls below the 
Curie temperature, and the coating begins 
to reacquire its magnetic properties. In- 
ductive heating is then reactivated. In this 
way, an inductive soldering iron heater is 
not only able to operate without a tem- 
perature sensor or control circuitry, but it 
also recommences supplying thermal en- 
ergy automatically, as soon as the tip is 
placed in contact with the joint. The tip 
temperature is effectively capped and can 
never overshoot the preset maximum. 

Speed and Cost 

As a practical comparison between 
temperature control and thermal-energy 
management, consider a soldering com- 
parison between a conventional soldering 
iron and an inductively heated unit. Figure 
4 compares the time taken by both irons to 
produce a series of nine solder joints. 
Thermocouples were inserted into the tips 
of both soldering irons, close to the tip 
face, to monitor the temperature of each 
tip continuously and in real time. The con- 
ventional soldering iron takes longer to re- 
gain its preset temperature as the test pro- 

gresses. In contrast, the enhanced energy- 
management capabilities of the induc- 
tively heated iron enable a more consis- 
tent production rate and does not suffer 
from temperature overshoot. 

The slowdown in joint production over 
the course of this demonstration translates 
into a productivity loss, leading to higher 
costs for operators. Measuring the extra 
time taken to complete the test allows an 
estimation of the additional business cost. 
This is more than the purchase price of a 
soldering iron station and can also exceed 
the cost of an entire extra operator. 

Assuming an operator works a total of 
2000 h in 50 working weeks of 40 h, and 
30% of that time is spent performing hand 
soldering, this equates to 600 h of solder- 
ing time using the fastest soldering iron 
described in Fig. 4. Since the next fastest 
tool is 18% slower, the operator will take 
an extra 108 h to complete the same work. 
Assuming a total burden cost of labor at 
$14.50/h (keeping in mind real figures vary 
depending on geographical location), this 
corresponds to $1711. If ten operators are 
employed, all using the slower equipment, 
the cost to the corporation is $17,110. 

The same estimate applied to the next 
slowest soldering iron reveals an even 
larger loss. Because this unit is 39% 
slower, the extra cost of having ten opera- 
tors working at this enforced lower rate 
will be $33,785. 

This calculation shows that businesses 
can quickly recoup the larger capital in- 
vestment to acquire better performing sol- 
dering irons. In some cases, the savings can 
exceed the cost of employing an additional 
operator. To consider the total ownership 
cost of the soldering process, including the 
cost of consumables as well as lost produc- 
tivity due to unsatisfactory production 
quality, underpowered soldering irons dis- 
playing poor energy control represent an 
even greater cost to the enterprise. 

Conclusion 

Control of the soldering temperature is 
an adequate strategy when performing 
isolated soldering operations at a low rate 
of repetition. In a practical production en- 
vironment, where high throughput and 
productivity are required, fast and effi- 
cient transfer of thermal energy is re- 
quired. This can be achieved through op- 
timum tip selection and by ensuring 
accurate management of heater power 
without exceeding the temperatures 
recommended in established soldering 
standards. ♦ 
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Low-Melting Aluminum Brazing 
Alloys of the Al-Si-Zn System 

Brazing aluminum alloys with stan- 
dard filler metals of the Al-Si system is 
carried out at 600o-620oC, which is close 
to the solidus temperature of base metals. 
Therefore, applications and testing of 
low-melting brazing filler metals to avoid 
overheating of base metals is the focus of 
many industry efforts. 

New filler metals of the Al-Si-Zn sys- 
tem having melting ranges from 
4890-5150C to 5680-5720C were devel- 
oped and tested at Leibniz University 
Hannover, Germany (Ref. 1). The follow- 
ing two alloys exhibited better mechanical 
properties than others: Al-5.9Si-37.6Zn 
wt-% having a melting range of 
480o-530oC, yield strength 345 MPa, and 
elongation 7%; and Al-9.3Si-16.2Zn wt- 
% having a melting range of 540o-557oC, 
yield strength 205 MPa, and elongation 
12%. It's important to note that the plas- 
ticity of these brazing alloys is the same as 
the plasticity of the standard Al-12Si filler 
metal, while the strength of three-compo- 

nent Al-Si-Zn alloys is at least 50% high- 
er than that of Al-Si eutectic alloy. New 
filler metals can be manufactured in wire 
form, as well as any performs made from 
the wire. 

Corrosion resistance of new filler met- 
als was also measured in a potassium chlo- 
ride solution using the standard Ag/AgCl 
electrode. The corrosion potentials of new 
filler metals (-1400 and -1380 mV) are 
close to that of the standard Zn-5A1 sol- 
der (-1480 mV) and better than that of 
the Al-12Si brazing alloy (-960 mV). 

A Nanocomposite Mo-NI Filler 
Metal for Brazing Molybdenum to 
Mo-Re Alloy at 1350°C 

Furnace brazing of molybdenum and 
Mo-47.7Re alloy using the Mo-53.5Ni 
(wt-%) filler metal doped with molybde- 
num or nickel nanoparticles was investi- 
gated at University of Kentucky, 
Lexington, Ky., and the brazed joints 
were characterized in comparison with 
nondoped braze (Ref. 2). The furnace 
atmosphere used was a mixture of 25% 

N2 and 75% H2. Five different filler com- 
positions were tested containing 0% 
nanoparticles; 1, 3, and 5% of Mo + Ni 
(50/50) nanoparticles; as well as 5% of 
Mo nanoparticles. 

Nanocomposite brazing filler metals 
featured similar joint formation vs. the 
nondoped brazes. However, the differ- 
ence was attributed to spreading charac- 
teristics of nanocomposites vs. virgin liq- 
uid filler metals. The melting point of 
nanocomposite is suppressed vs. the case 
of noncomposite. Spreading of nanocom- 
posite filler metals is more pronounced 
than that of noncomposite fillers. Fillets 
between Mo base and Mo-Re appear 
larger, while no significant difference in 
joint fillet formation was noticed within 
the capillary gap along the Mo-Re seam 
overlap. A hypothesis is formulated that 
doping the brazes with small amounts of 
nanoparticles may offer a better flow con- 
trol of molten composite filler metal. The 
addition of nanoparticles changes rheo- 
logical properties of the braze material, 
but it also impacts the spreading at the 
peak brazing temperature. 
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Effect of Process Parameters on 
Shear Strength and Residual 
Stresses of Diamond-Steel 
Joints Brazed with a CuSnTiZr 
Filler Metal 

The correlation between microstruc- 
ture, residual stresses, and shear strength 
of diamond-steel joints subjected to differ- 
ent brazing conditions, i.e., brazing tem- 
perature and dwell time, was studied by the 
team of EMPA, Diibendorf, Switzerland 
(Ref. 3). The active brazing filler metal Cu- 
14.4Sn-10.2Ti-1.5Zr (wt-%) was used to 
braze monocrystalline, block-shaped dia- 
monds to a stainless steel substrate. The 
brazing parameter variations comprise the 
following three temperatures: 880°, 930°, 
and 980oC at 10 or 30 min holding time. 

The microstructure of brazed joints 
characterization revealed a (Cu,Sn) 
matrix with different intermetallic phases. 
An intermetallic layer of the Fe2Ti phase 
was formed at the steel-joint metal inter- 
face, as well as polygonal crystals of the 
same composition in front of it. The 
thickness of the (Fe,Cr,Ni)2Ti interlayer 
and diffusion zone increased with higher 
brazing temperature and longer holding 
time. Both the interlayer and crystals 
grow with increasing brazing temperature 
and extended dwell duration. The joints 
brazed at 980oC exhibited tensile residual 
stresses of the maximum value 150 MPa, 
whereas the joints brazed at 880° and 
930oC had compressive residual stresses 
with a maximum value of -350 MPa. The 
shear strength also strongly depends on 
brazing parameters; it goes down from 
321 MPa at 880oC, 10 min and 221 MPa at 
880oC, 30 min to 78 MPa at 980oC, 30 min 
and 71 MPa at 980oC, 10 min. 

A significant difference was also found 
in fracture behavior. Both fracture sur- 
faces on steel and diamond sides, of the 
joints brazed at 880oC, had smooth spots 
identified as a TiC interlayer interspersed 
with rough spots that are sheared filler 
metal. Completely different shear sur- 
faces were found for the joints brazed at 
980oC. The whole surface is smooth, indi- 
cating that the fracture occurred directly 
along the joint metal-diamond interface. 

Neutron Imaging as a Method of 
Nondestructive Examination of 
Stainless Steel Brazed 
Components 

The method of nondestructive exami- 
nation (NDE) of stainless steels and nickel 

superalloy brazed joints, developed in 
Neutron Imaging and Activation Group 
Paul Scherr, Villigen, Switzerland, is suit- 
able for components manufactured in 
aerospace, gas turbine, and automotive 
industries (Ref. 4). One problem in the 
manufacture of these components is the 
absence or limitation of NDE, such as X- 

rays, because the contrast of the joint metal 
does not differ much from the base metal. 
The new imaging method is based on ther- 
mal neutrons that offers the NDE possibil- 
ity of joints brazed with boron-alloyed nick- 
el filler metals, e.g., AWS BNi-2. 
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of stainless steels 304L and 316L, nickel 
alloys Inconel® 600 and Nimonic 75, and 
copper — were tested. A pronounced 
contrast for brazed joints was obtained 
due to boron, a strong neutron-absorbing 
material, while base metals are rather 
transparent for thermal neutrons. Both 
the radiographic images in 2D and tomo- 
graphic reconstructions in 3D provided 
information about the filler metal distri- 
bution in the joints. 

The initial fast neutrons (energy 
around 1 MeV) were emitted from the 
fission process in the reactor core or spal- 
lation process using a target. The neu- 
trons have the advantage to penetrate 
0.40-in.-thick layers of metals, and object 
dimensions up to 300 x 300 mm (12 x 12 
in.) can be inspected. Impressive pictures 
of brazed joints and whole brazed parts 
were presented to demonstrate the capac- 
ity of a new NDE method. 

Effect of Natural Aluminum Oxide 
Film on Thermal Joining 

Dense and high-melting aluminum 
oxide film should be removed from the 
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base materials during brazing to provide 
wetting and flow of filler metals. Vacuum 
or many fluxes are used for this purpose. 
However, the influence of the site condi- 
tions or climate effect (e.g., during the 
storage and transportation) on the com- 
position and structure of alumina film 
were not yet studied. The team of 
Technische Universitat Dresden and Behr 
GmbH & Co., Stuttgart, Germany, inves- 
tigated the growth and structure of alumi- 
na film on the base Alloy A3003 and its 
behavior during flux brazing with the 
A4045 as the filler metal (AWS BAlSi-5) 
depending on different conditions of the 
base metal oxidation. Applications of 
XPS and Fourier Transformed Infrared 
Spectroscopy (FTIR) permitted to study 
a few nanometers thick oxide or hydrox- 
ide films in situ and brazing experiments 
(Ref. 5). 

Holding the base metal A3003 in dry 
air at 230C (50% humidity) does not 
affect the oxide film on the surface. 
Increasing the air temperature to 40oC 
and humidity to 92% resulted in signifi- 
cant growth of the oxide film thickness 
from 4 to 8 nm.  Further increase of 
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humidity to 100% (a condensation state) 
at 23°C resulted in a growth of the alumi- 
na film thickness by 50% for 9 days. 

The brazeability test confirmed a sig- 
nificant effect of storage and climate con- 
ditions on wetting and flow of the brazing 
filler metal BAlSi-5 on the surface of 
A3003 base metal. The brazeability after 
50 days in dry air (50% humidity) was esti- 
mated as 98%; the brazeability after 9 days 
in wet air (92% humidity) or after 3 days at 
100% humidity (condensation) was 79%; 
and finally, after 9 days at 100% humidity, 
the brazeability was estimated as only 5%. 

Active Soldering of Copper with 
AI2O3, Zr02, and AIN Ceramics 

Ultrasonic soldering of AI2O3, Zr02, 
and AIN ceramics with copper (both 
ceramic-to-ceramic and ceramic-to- 
metal combinations) using the lead-free, 
active solder Sn-4Ag-2Ti-0.5Y was inves- 
tigated at Beijing University of 
Technology, People's Republic of China, 
and soldered joints were characterized by 
testing shear strength and studying 
microstructure (Ref. 6). 

The results indicted that all soldered 
joints were fractured in the zone of 
interface between ceramic and joint 
metal. Shear strength of alumina-to- 
alumina joints was about 38 MPa, while 
that of alumina-to-copper joints was 34 
MPa. Shear strength of zirconia-to-zirco- 
nia joints was about 35 MPa, while that of 
zirconia-to-copper joints was 40 MPa. 
Shear strength of AIN-to-AIN joints was 
about 31 MPa, while that of AlN-to-cop- 
per joints was 34 MPa. Application of 
ultrasonic vibrations allowed obtaining a 
good quality of soldered joints without 
voids. No intermetallic compounds were 
found at the ceramic-solder interface, 
while expected CX^Sn and Cu6Sn5 com- 
pounds were formed at the copper-solder 
interface. The microstructure of soldered 
joints typically comprised the following 
five phases: 1) the matrix Sn-4Ag, 2) the 
block-shaped Ag^Sn phase distributed in 
the matrix, 3) the lath-shaped |3-TigSn5 
phase, 4) particles of oc-Ti + Y5Sn3 phase, 
and 5) black particles of the SnAgY 
phase. However, all these structural com- 
ponents do not affect the strength of sol- 
dered joints. 

Combined Induction-Ultrasound 
Soldering of Aluminum Matrix 
Composites 

A growing demand for metal matrix 
composites in the industry requires devel- 
opment of new reliable methods for join- 
ing. Soldering, as a low-temperature 
process, is especially attractive due to a 
destructive effect of heating on the struc- 
ture of aluminum matrix composites. A 
new soldering technology including 
induction heating assisted with ultra- 
sound vibration was developed and tested 
at Technische Universitat Chemnitz, 
Germany, for joining aluminum matrix 
composite A2017 + 5/15 vol-% (Al^) 
using Zn-5A1 solder and a composite sol- 
der containing Sn-3Cu or Sn-3.5Ag 
matrix with 35 vol-% of alumina or SiC 
particles (Ref. 7). This is a flux-free sol- 
dering process due to application of ultra- 
sound activation. Soldering with the Sn- 
based composite solder was made at 
280oC for 190 s and with the Zn-5A1 sol- 
der at 400oC for 110 s. 

Dense, quality joints were obtained 
with both previously mentioned solders. 
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However, soldering assisted with ultrasound resulted in erosion 
of the base metal. Reinforcing alumina particles were partially 
transferred from the base material to joint metal. Tensile 
strength of soldered joints of the A2017 + 15% (AI2O3) com- 
posite made using Zn-5A1 solder was in the range of 50-70 MPa, 
while that of the A2017 + 5% (A^C^p composite was only 
20-40 MPa. The tensile strength of joints manufactured with the 
Sn-3.5Ag + 5%(Al203)p solder was 14.5 and 12 MPa for the 
same base materials. 

Nanoparticle-Assisted Diffusion Brazing of 
Stainless Steel 

Transient liquid phase diffusion brazing is widely used for 
joining stainless steels to a variety of materials such as superal- 
loys, titanium alloys, copper alloys, and low-alloy steels. 
Particularly, electroplated nickel-phosphorous NiP interlayers 
have been used to diffusion braze stainless steels and nickel 
superalloys. In the study made by scientists from the School of 
Mechanical, Industrial, and Manufacturing Engineering, Oregon 
State University (Ref. 8), stainless steel 316L laminae were dif- 
fusion brazed with an interlayer of nickel nanoparticles (NiNP) 
and compared with samples joined by conventional diffusion 
bonding and electroplated nickel-phosphorous diffusion brazing. 
Comparison was made with regard to microstructural evolution, 
diffusional profile, and bond strength. All bonding was carried 
out in a uniaxial vacuum hot press at 1000oC with a heating rate 
of 10oC/min, a dwell time of 2 h, and a bonding pressure of 10 
MPa. 

Bond strength measurements showed that the sample brazed 
with a nickel nanoparticle interlayer had the lowest void fraction 
at 4.8 ± 0.9% and highest shear strength at 141.3 ± 7.0 MPa, 
while the maximum shear strength measured before the bond 
failure for diffusion bonded and NiP-brazed samples were 121.6 
± 12.0 MPa, 114.7 ± 11.0 MPa, respectively. The improved shear 
strength in the NiNP samples was explained by a combination of 
larger cross section, i.e., lower void fraction, better shaped voids, 
and lack of brittle secondary phases. 

Based on fracture surfaces, the fracture mechanism for the 
diffusion bonded and NiNP diffusion brazed samples was ductile 
due to the cup and cone formation clearly seen on the surface. 
The cup and cones are much larger in the NiNP sample, suggest- 
ing greater ductility. 

Wavelength dispersive spectroscopic analysis of sample cross 
sections showed substantial diffusion of Ni and Fe across the 
nickel nanoparticle bond line. Scanning electron micrographs 
show no secondary phases along the nickel nanoparticle bond 
line. 

Refs. 1-7 are abstracted from the 9th International Brazing & 
Soldering Conference held in Aachen, Germany, June 2010, DVS- 
Berichte. 

1. Bach, Fr.-W, Mohwald, K., Hollander, U., and Langohr, A. 
Low melting aluminum brazing alloys of the system Al-Si-Zn, v. 
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2. Busbaher, D., Liu, W., and Sekulic, D. High temperature 
brazing of Mo/Mo-Re with a nano-composite Mo-Ni filler, v. 263, 
211-214. 
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steel joints brazed with CuSnTiZr filler alloy as a function of 
brazing parameters, v. 263, 243-247. 
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6. Ou, M., Li, H., Zhang, Z., and Zhuang, H. Active soldering 
copper with ceramics, v. 263, 320-323. 
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CONFERENCES 

Conference on Welding in Shipbuilding 
May 10,11 

Seattle, Wash. 

Welding is the most vital and fundamental manufacturing 
process in the construction of ships and metal hull boats. Atten- 
dees will learn the progress of new and innovative developments, 
as well as how their potential value and impact to the industry is 
essential for those in the shipbuilding community. The confer- 
ence will also address the critical importance of welding in the 
shipbuilding industry by providing current information on new 
and emerging technologies being developed for shipbuilding 
applications. 

Conference on Preventing Weld Failures 
June 14,15 

New Orleans, La. 

Management continues to point fingers at the engineers in 
the weld shop: "How come that weld failed? What are you going 
to do to prevent it from happening again?" Finding the answers 
to the questions are not as easy as it might seem. For help on this 
matter, come to this conference. There will be presentations on 
two of the most critical problems: postweld heat treating and dis- 
similar metal welding. It will be a useful mix of the valuable ex- 
isting technologies and some of the new technologies coming on 
the scene. Topics like Six Sigma, lean manufacturing, several of 
the newer NDE inspection methods, and new software that can 
be put to practical use will be discussed. 

Corrosion-Resistant Alloys and the New 
Chrome-Moly Steels 

August 16,17 
Charlotte, N.C. 

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- 
based alloys, and titanium. The duplex grades are beginning to 
replace the austenitic stainless steels in some applications and 
there is much to learn about welding them. Even newer is the in- 
troduction of less-expensive duplex alloys, so much needs to be 
learned about those as well. There's also a new titanium alloy 
that could replace the popular 6A1-4V grade. It too will be on 
the program. Cladding is also playing an increasingly important 
role in the industry. 

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 with those, but there is still much to learn. It's a mar- 
ket cut out for the low-hydrogen consumables. Fabrication is 
tricky. Great attention must be paid to heat treating and dissimi- 
lar metal welding. Also discussed will be the material that to some 
is an old nemesis, 4130 chrome-moly steel. 

14th Annual Aluminum Welding Conference 
September 20,21 

Ft. Lauderdale, Fla. 

Aluminum lends itself to a wide variety of industrial applica- 
tions because of its light weight, high strength-to-weight ratio, 
corrosion resistance, and other attributes. However, because its 
chemical and physical properties are different from those of steel, 
welding aluminum requires special processes, techniques, and 
expertise. 

A distinguished panel of aluminum-industry experts will sur- 
vey the state of the art in aluminum welding technology and prac- 
tice. The conference will also provide opportunities for you to 
network informally with speakers and other participants, as well 
as visit an exhibition showcasing products and services specifi- 
cally for the aluminum welding industry. 

2011 FABTECH Conference Schedule 
Chicago, 111. 

National Welding Fducation Conference 
November 13 

Presented by the National Center for Welding Education and 
Training (Weld-Ed), this conference is designed to bring together 
educators for professional development and networking oppor- 
tunities. Weld-Ed's focus is on the preparation of welders, weld- 
ing technicians, and welding engineers to meet the needs of in- 
dustry. This conference will include presentations on topics such 
as Weld-Ed accomplishments in the last year, the partnership be- 
tween Weld-Ed and AWS, welding industry workforce needs, re- 
cruitment tips and tools for educators, competency models, ex- 
ternship programs for educators, tips on partnering with other 
secondary and postsecondary schools, welding education trends, 
curriculums, materials science education and applications, dis- 
tance learning updates, new technology applications, and pre- 
sentations from welding educators who will share their best 
practices. 

ABCs of Welding Engineering 
November 14 

8th Conference on Weld Cracking 
November 15 

The most perplexing problem in the welding industry has to 
be weld cracking. This conference is for those who want to get a 
handle on controlling weld cracking situations. 

Understanding Power Sources Conference 
November 16 

For more information, please contact the AWS Conferences and Seminars Business Unit at (800) 443-9353, ext. 264, or e-mail 
zoliva@aws.org. You can also visit the Conference Department at www.aws.org/conferences for upcoming conferences and registra- 
tion information. 
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Brazing and Soldering Standards 
Brazing Handbook 
A comprehensive, organized survey of the basics of brazing, 
processes, and applications. Addresses the fundamentals of 
brazing, brazement design, brazing filler metals and fluxes, 
safety and health, and many other topics. Includes new 
chapters on induction brazing and diamond brazing. A 
must-have for all brazers, brazing engineers, and students. 
740 pages, 36 chapters, 3 appendices, 308 figures, 116 
reference tables, fifth edition, (2007). 
BRH $136/$102 

Soldering Handbook 
Covers soldering fundamentals, technology, materials, sub- 

strate materials, fluxes, pastes, assembly processes, inspection, 

and environment. Covers today's advanced joining applica- 

tions and emphasizes new materials, including higher 

strength alloys; predictive performance; computer modeling; 

advanced inspection techniques; new processing concepts, 

including laser heating; and the resurgence in ultrasonic sol- 

dering. 579pages, 299figures, 112 tables, (1999). 

SHB $152/$114 

C3.2M/C3.2:2008, Standard Method for 
Evaluating the Strength of Brazed Joints 
Describes the test methods used to obtain reliable data on the 

strength of metal-to-metal, metal-to-nonmetal, and non- 

metal-to-nonmetal joints. 42pages, 16figures, 4 tables, 
(2008). 
C3.2 $60/$45 

03.3:2008, Recommended Practices for 
the Design, Manufacture, and Examination 
of Critical Brazed Components 
Procedures that should be followed in the design, manufac- 

ture, and examination of brazed joints to ensure reliability of 

critical components. 42pages, 4 tables, 1 figure (2008). 

C3.3 $60/$45 

C3.4M/C3.4:2007, Specification for Torch 
Brazing 
Provides the minimum fabrication, equipment, process proce- 

dure requirements, and inspection requirements for the torch 

brazing of copper, copper alloys, heat and corrosion-resistant 

alloys, and other materials that can be adequately torch 

bvmA. 24pages, (2007) 
C3.4 $56/$42 

C3.5M/C3.5:2007, Specification for 
Induction Brazing 
The minimum fabrication, equipment, material, process pro- 

cedure requirements, and inspection requirements for the 

induction brazing of steels, copper, copper alloys, and heat and 

corrosion-resistant alloys and other materials that can be ade- 

quately induction brazed. Criteria for classifying induction 

brazed joints based on loading and consequences of failure, 

and quality assurance criteria defining limits of acceptability of 

each class. Defines acceptable induction brazing equipment, 

materials, and procedures, as well as required inspection for 

each class of joint. 24pages, (2007) 

C3.5 $56/$42 

C3.6M/C3.6:2008, Specification for 
Furnace Brazing 
Provides the minimum fabrication, equipment, material, 

process procedure, and inspection requirements for the fur- 

nace brazing of steels, copper, copper alloys, nickel, heat- and 

corrosion-resistant alloys, and other materials that can be 

adequately furnace brazed. Provides criteria for classifying fur- 

nace-brazed joints based on loading and the consequences of 

failure and quality assurance criteria defining the limits of 

acceptability in each class. 26pages, (2008). 

C3.6 $52/$39 

C3.7M/3.7:2005, Specification for 
Aluminum Brazing 
The minimum fabrication, equipment, material, process 

procedure, and inspection requirements for the brazing of 

aluminum by atmosphere furnace, vacuum furnace, and 

flux processes. Criteria for classifying aluminum brazed 

joints based on loading and the consequences of failure and 

quality assurance criteria defining the limits of acceptability 

of each class, ^/w.gey, (2005). 

C3.7 $52/$39 

C3.8M/C3.8:2005, Specification for the 
Ultrasonic Examination of Brazed Joints 
Specifies requirements for the ultrasonic examination of 

brazed joints. Provides the minimum requirements for equip- 

ment, procedures, and the documentation of such tests. 18 

pages, 1 nonmandatory annex, 3figures, (2005). 

C3.8 $48/$36 

Structural Steel Welding Standards 

D1.1/D1.1M:2010, Structural Welding 
Code—Steel 
For everyone involved in any phase of welding steel 

structures - engineers, detailers, fabricators, erectors, 

inspectors, etc. - the new Dl.I spells out the requirements 

for design, procedures, qualification, fabrication, 

inspection, and repair of pipe, plate, and structural shapes 

that are subject to either static or cyclical stresses. U.S. 

Customary and SI units of measurement. 570 pages, 21 

annexes, 171 figures, 78 tables, (2010). 

D1.1 $496/$372 

D1.3/D1.3M:2008, 
Structural Welding Code—Sheet Steel 
Covers arc welding of structural sheet/strip steels, including 

cold formed members, equal to or less than 3/l6 in. (0.188 

in./4.8 mm) nominal thickness and having a minimum 

specified yield point no greater than 80,000 psi (550 MPa). 

Applicable to welding of commonly used structural quality 

low-carbon hot rolled and cold rolled sheet and strip steel, 

with or without zinc coating (galvanized), to other 

structural sheet steels or to supporting structural steel 

members. Three weld types unique to sheet steel - arc spot, 

arc seam, and arc plug welds - are included. Includes 

sections on design, procedure and performance 

qualification, fabrication, inspection and stud welding as 

well as a commentary. _9(5/)«,ges, 7 annexes, 44figures, 

11 tables, 3 forms (2008). 
D1.3 $120/$90 

D1.4/D1.4M:2011, Structural Welding 
Code—Reinforcing Steel 
Covers welding of reinforcing steel in most reinforced 

concrete applications. Includes sections on allowable 

stresses, structural details, workmanship requirements, 

technique, procedure and performance qualification, and 

inspection. Figures clearly illustrate important welding 

considerations: unacceptable weld profiles, effective weld 

sizes, details of joints of anchorages, base plates, and inserts. 

Now addresses precast concrete components. Clarification 

on prequalified details and essential variables for fillet 

welds. New table illustrates ac Oceptance criteria for 

macroetch tests. ^/>/>roa-. 85pages, (2011). 

D1.4 $116/$87 

Braze Safely 
This booklet outlines precautionary measures and safe prac- 

tices that promote safety and continued productivity. 14 

pages, (1992). 

BRS (25 copies) $28/$21 

C3.9M/C3.9:2009, Specification for 
Resistance Brazing 
Minimum fabrication, equipment, material, and process pro- 

cedure requirements for resistance brazing of steels, copper and 

alloys, and heat- and corrosion-resistant materials, and other 

materials that can be resistance brazed. Criteria for classifying 

resistance-brazed joints based on loading and consequences of 

failure, and quality assurance criteria. 24pages, (2009). 

C3.9 $52/$39 

D10.13/D10.13M:2001, Recommended 
Practices for the Brazing of Copper 
Tubing and Fittings for Medical Gas 
Systems 
Provides the minimum requirements for brazing of copper 

tubing for medicalgas and vacuum distribution systems in 

healthcare facilities. Contains criteria for preparation and 

cleanliness of materials and equipment, joint heating and 

filler metal application techniques, and inspection and testing 

options. 20pages, 1 figure, 3 tables, (2001). 

D10.13 $56/$42 

B2.2/B2.2M:2010, Specification for 
Brazing Procedure and Performance 
Qualification 
Specifies requirements for qualification of brazing proce- 

dure specifications, and for performance qualification of 

brazers and brazing operators for manual, mechanized, and 

automatic brazing. 84pages, 9 tables, 16figures, 3 forms 
(2010). 
B2.2 $76/$57 

B2.3/B2.3M:2008, Specification for 
Soldering Procedure and Performance 
Qualification 
Provides the qualification requirements for soldering proce- 

dure specifications and for performance qualification of sol- 

derers and operators. 66pages, 11 tables, 12 figures 
(2008). 
B2.3 $68/$51 

01.5M/D1.5:2010, Bridge Welding Code 
Get the facts and code requirements for bridge building with 

carbon and low-alloy construction steels. Covers welding 

requirements of the American Association of State Highway 

and Transportation Officials (AASHTO) for welded highway 

bridges made from carbon and low-alloy construction 

steels. Chapters cover design of welded connections, 

workmanship, technique, procedure and performance 

qualification, inspection, and stud welding. Features the 

latest AASHTO revisions and nondestructive examination 

requirements, as well as a section providing a "Fracture 

Control Plan for Nonredundant Bridge Members." Revisions 

include: 

• Revised procedure, personnel, and test equipment 

inspection requirements 

• New materials and hybrid joint provisions 

• New guidance on electroslag and narrow-gap ESW 

478pages, 17 annexes, 90 figures, 43 tables, 9 forms, 
commentary (2010). 
D1.5 $328/$246 

Lesser price shown is for AWS members. For a complete catalog, call 888-WELDING. 



D1.6/D1.6M:2007, Structural Welding 
Code—Stainless Steel 
Covers requirements for welding stainless steel structural 

assemblies/components (excluding pressure vessels or 

pressure piping) using gas metal arc welding, shielded metal 

arc welding, flux cored arc welding, submerged arc welding, 

and stud welding. Allows prequalified Welding Procedure 

Specifications for the austenitic stainless steels based on 

considerable experience with the most widely used stainless 

steels. Sections include design, procedure and performance 

qualification, fabrication, inspection, and stud welding. 292 

pages, 14 annexes, 80figs., 29 tables, (2007). 

D1.6 $200/$150 

D1.7/D1.7M:2010, Guide for 
Strengthening and Repairing Existing 
Structures 
Provides engineers and contractors with general direction 

and guidance on weld repairs, weld strengthening, and 

other procedures to correct problematic issues with exist- 

ing structures made of steel (minimum yield strength of 

100 ksi and minimum thickness of 'A inch), cast iron, and 

wrought iron. 52/)«^es, 4 tables, (2009). 

D1.7 $108/$81 

D1.8/01.8M:2009, Structural Welding 
Code—Seismic Supplement 
A supplement to DI. 1, applicable to welded joints in seis- 

mic load resisting systems designed in accordance with 

the Seismic Provisions of AISC. Covers additional controls 

on detailing, materials, workmanship, testing, and inspec- 

tion necessary to achieve adequate performance of welded 

steel structures under conditions of severe earthquake- 

induced inelastic straining. Commentary offers guidance 

on interpreting and applying this supplement. 124pages, 

9 annexes, commentary, 22figures, 8 tables, (2009). 

D1.8 $132/$99 

Own the Entire Library of AWS Welding Handbooks! 
These are the must-have references for engineers, structural designers, technolo- 

gists, inspectors, welders, welding educators and others who need to understand 

this dynamic and evolving industry. Put all the facts at your fingertips and make I 

sure you're on the cutting edge with new and updated material. Here are five 

good reasons you should add these valuable editions to your library. The books 

represent: 

• The largest body of knowledge on welding available anywhere. 

• Practical, hands-on information that you can put to immediate use. 

• The most current information on best practices regarding safety, quality, and 

qualification issues. 

• Unparalleled authority—chapters are written by leading scientists, engineers, 

educators, and other technical and scientific experts. Everything is peer-reviewed I 

for accuracy and timeliness. 

• The most valuable resource on welding on the market today, covering the 

entire spectrum of welding from science and technology, history, welding 

processes, and materials and applications. 

NMTMCOmON 

WELDING 
HANDBOOK 

? 

Materials and 
Applications 

Part I 

Ninth Edition, Volume 1, Welding Science 
and Technology 
Presents the latest developments in the basic science and 

technology of welding, and general descriptions of processes, 

continues with chapters on the physics of welding and 

cutting; heat flow; welding metallurgy, design; test methods; 

residual stress; welding symbols; tooling and positioning; 

monitoring and control; mechanized, automated, and 

robotic techniques; economics; weld quality; inspection; 

qualification and certification; welding codes and standards; 

and safe practices. 5(52/)«^a?, 17 chapters, 2 appendices, 

530 illustrations, 168 tables, hardbound. 8"x 10", 

(2001). 

WHB-1.9 $192/$144 

Ninth Edition, Volume 2, Welding 
Processes, Part 1 
Presents comprehensive information on welding and related 

processes. Contains detailed information on arc welding 

power sources; shielded metal arc, gas tungsten arc, gas 

metal arc, flux cored arc, submerged arc, and plasma arc 

welding processes. Includes chapters on electroslag welding, 

stud welding, oxyfuel gas welding, brazing, soldering, 

oxygen cutting, and arc cutting and gouging. 736pages, 

15 chapters, 260 line drawings, 100photographs, 148 

tables, hardbound. 8" x 10", (2004). 

WHB-2.9 $192/$144 

Ninth Edition, Volume 3, Welding 
Processes, Part 2 
Over 600 pages of comprehensive information on solid- 

state and other welding and cutting processes. The book 

includes chapters on resistance spot and seam welding, 

projection welding, flash and upset welding and high- 

frequency welding. In addition to a chapter on friction 

welding, a new chapter introduces friction stir welding. 

The most recent developments in beam technology are 

discussed in the greatly expanded chapters on laser beam 

welding and cutting and electron beam welding. A 

diverse array of processes are presented in chapters on the 

ultrasonic welding of metals, explosion welding, 

diffusion welding and diffusion brazing, adhesive 

bonding and thermal and cold spraying. The last chapter 

covers various other welding and cutting processes, 

including modernized water jet cutting. 669pages, 15 

chapters, 3 appendices, 438 illustrations, 59 tables; 

hardbound. 8"x 10", (2007) 

WHB-3.9 $192/$144 

NEW! Ninth Edition, Volume 4, 
Materials and Applications, Part 1 
Extensively revised and updated from the eighth edition, 

this comprehensive volume had more than 50 experts in 

materials and materials applications assure its accuracy 

and the currency of its content. It is a great reference 

source for engineers, educators, welding supervisors, and 

welders. Covers carbon and low-alloy steels; high-alloy 

steels; coated steels; tool and die steels; stainless and 

heat-resisting steels; clad and dissimilar metals; surfac- 

ing; cast irons; maintenance and repair welding; and 

underwater welding and cutting. Includes more than 

500 tables, charts, and photos. 10 chapters, hard- 

bound, 8" x 10", (2010). 
WHB-4.9 $192/$144 

Eighth Edition, Volume 3, Materials and 
Applications-Parti 
Covers nonferrous metals, plastics, composites, and ceramics; 

speciafized topics on maintenance and repair welding; under- 

water welding and cutting. Includes applications of the 

specific metals and processes, weldability safe practices. Best 

copy available, 538pages, 10 chapters, sqftbound. SVx 
IW, (1996). 
WHB-3.8 $160/$120 

GET FIVE VOLUMES OF THE 
CURRENT WELDING HANDBOOK 
SET AT SUBSTANTIAL SAVINGS 
• Vol. 1,9th Edition: Welding Science & Technology 

• Vol. 2,9th Edition: Welding Processes, Part 1 

• Vol. 3,9th Edition: Welding Processes, Part 2 

• Vol. 4,9th Edition: Materials & Applications, Part 1 

• Vol. 3,8th Edition: Materials & Applications, Part 1 

WHB-ALL $762/$572 

GET THE TWO HANDBOOK 
VOLUMES ON PROCESSES AT 
SUBSTANTIAL SAVINGS 
• Vol. 2,9th Edition: Welding Processes, Part 1 

• Vol. 3,9th Edition: Welding Processes, Part 2 

WHB-PRC $288/$216 

DOWNLOAD SINGLE CHAPTERS 
Choose individual Welding Handbook chapters for PDF 

download, at an economical price. 

SEEAWSPUBS.COM $20/$15 

Lesser price shown is for AWS members. For a complete catalog, call 888-WELDING. 



Featured Pubs 
A2.4:2007, Standard Symbols for Welding, 
Brazing, and Nondestructive Examination 
Establishes a method of specifying certain welding, braz- 
ing, and nondestmctive examination information by 
means of symbols. Contains detailed information and 
examples for the constmction and interpretation of these 
symbols. This system provides a means of specifying 
welding or brazing operations and nondestructive exami- 
nation, as well as the examination method, frequency, 
mdertent. 138pages, (2007). 
A2.4 $148/$111 

A3.0M/A3.0:2010, Standard Welding Terms 
and Definitions 
Alphabetical glossary of over 1,400 standard terms and 
definitions for welding, brazing, soldering, resistance 
welding, etc., as well as hybrid processes. Each term has 
one clearly applicable definition, accurately reflecting the 
term's use in the joining world. Includes figures to illus- 
trate the use of terms. For completeness, nonstandard 
terms are also included. Contains a Master Chart of 
Welding and Allied Processes, and the Joining Method 
Chart. 160pages, 62figures, 5 tables (2010). 
A3.0 $164/$123 

B1.10M/B1.10:2009, Guide for the 
Nondestructive Examination of Welds 
Addresses which examination method - visual, liquid 
penetrant, magnetic particle, radiographic, ultrasonic, 
electromagnetic (eddy current), or leak testing - best 
detects various types of discontinuities. Note: Does not 
address acceptance criteria. 64pages, 30 figures, 4 
tables, (2009), fourth edition. 
B1.10 $104/$78 

B1.11:2000, Guide for the Visual 
Examination of Welds 
Provides guidance on visual examination of welds, 
including sections on prerequisites, fundamentals, sur- 
face conditions, and equipment. Sketches and color pho- 
tographs illustrate common weld discontinuities. 48 
pages, 3 annexes, 48figures, (2000). 
B1.11 $104/$78 

B2.1/B2.1M:2009, Specification for Welding 
Procedure and Performance Qualification 
Covers all fusion welding processes and an exhaustive 
array of materials used in metal fabrication. Specifies 
requirements for the qualification of welding procedures, 
and for performance qualification of welders and welding 
operators for manual, semiautomatic, mechanized, and 
automatic welding. 298pages, 43 figures, 25 tables, 5 
forms (2009). 
B2.1 $216/$162 

64.0:2007, Standard Methods for 
Mechanical Testing of Welds 
Describes the most common mechanical test methods 
applicable to welds and welded joints. Each test method 
gives details concerning specimen preparation, test 
parameters, testing procedures, and suggested report 
forms. Acceptance criteria are not included. Three new 

weldability tests (WIC, trough, and GBOP) and resistance 
weld tests have been included in this new edition. U.S. 
Customary Units. 152pages, 97figures, (2007). 
B4.0 $104/$78 

NEW EDITION: C7.2M:2010, Recommended 
Practices for Laser Beam Welding, Cutting, 
and Allied Processes 
Covers common applications of the process, including 
drilling and transformation hardening. Describes 
equipment and procedures. Practical information, 
including figures and tables, should prove useful in 
determining capabilities in the processing of various 
materials. 142pages, 85figures, 8 tables, (2010). 
C7.2 $100/$75 

D1.2/D1.2M:2008, 
Structural Welding Code—Aluminum 
Covers welding requirements for any type of structure 
made from aluminum structural alloys, except 
aluminum pressure vessels and fluid-carrying pipelines. 
Includes sections on design of welded connections, 
procedure and performance qualification, fabrication, 
inspection, stud welding, and strengthening and repair of 
existing structures. A commentary offers guidance on 
interpreting and applying the code. 226pages, 59 

figures, 24 tables, (2008). 
D1.2 $200/$150 

NEW EDITION: D3.6M:2010, Underwater 
Welding Code 
Covers the requirements for the underwater welding of 
structures or components in wet and dry environments 
at one-atmosphere and ambient atmospheres. Includes 
qualification and inspection requirements. 142pages, 
48figures, 13 tables, 7forms, (2011). 
D3.6 $100/$75 

D9.1M/D9.1:2008, 
Sheet Metal Welding Code 
Covers arc and braze welding requirements for nonstruc- 
tural sheet metal fabrications using commonly welded 
metals available in sheet form up to and including 3 
gauge, or 6.4 mm (0.250 in.). Applications of the code 
include heating, ventilating, and air conditioning sys- 
tems, food processing equipment, architectural sheet 
metal, and other nonstructural sheet metal applications. 
Sections include procedure and performance qualifica- 
tion, workmanship, and inspection. Nonmandatory 
annexes provide useful information on materials and 
processes. Not applicable when negative or positive pres- 
sure exceeds 30 kPa (5 psi). 70pages, 29 figures, 10 
tables, (2006). 

D9.1 $72/$54 

D14.1/D14.1M:2005, Specification for 
Welding of Industrial and Mill Cranes and 
Other Material Handling Equipment 
Specifies requirements for welding of all principal struc- 

Preview and order any of 
these books and browse 

dozens of others at 
www.awspubs.com 

tural weldments and all primary welds used to manufac- 
ture cranes for industrial, mill, powerhouse, and nuclear 
facilities. Also applies to other overhead material-han- 
dling machinery and equipment that support and trans- 
port loads within the design rating, vertically or 
horizontally, during normal operations. Additionally, 
when agreed upon between the owner and manufacturer, 
it may apply to loading caused by abnormal operations 
or environmental events, such as seismic loading. All 
provisions apply equally to strengthening and repairing 
of existing overhead cranes and material handling 
equipment. Contains figures and tables with prequalified 
joint details, allowable stress ranges, stress categories, 
and nondestructive examination techniques. Does not 
apply to construction or crawler cranes or welding of 
rails. 150pages, 60figures, 21 tables (2005). 
D14.1 $104/$78 

017.1:2001, Specification for Fusion 
Welding for Aerospace Applications 
Specifies general welding requirements for welding air- 
craft and space hardware. Includes fusion welding of alu- 
minum-based, nickel-based, iron-based, cobalt-based, 
magnesium-based, and titanium-based alloys using arc 
and high energy beam welding processes. Includes sec- 
tions on design of welded connections, personnel and 
procedure qualification, fabrication, inspection, repair of 
existing structures and nonflight hardware acceptance. 
Additional requirements cover repair welding of existing 
hardware. 94pages, 5 annexes, commentary, 47fig- 
ures, 14 tables, (2001). 
D17.1 $160/$120 

Wl:2000, Welding Inspection Handbook 
This invaluable training reference helps inspectors, engi- 
neers, and welders evaluate the difference between dis- 
continuities and rejectable defects. 254 pages 18 
chapters, index, 108figures, I6tables, 6l/2"x9", 
(2000), third edition. 
Wl $76/$57 

WIT-T:2008, Welding Inspection Technology 
For at-home study, this official reference textbook for the 
three-day AWS core seminar for CWI exam preparation is 
readable, informative, and comprehensive. 329pages, 
10 chapters, 379 figures and photographs, (2008). 
WIT-T $272/$204 

Total Welding Management 
Systematic approach to welding excellence and cost 
reduction. Drawing on 50 years of welding experience, 
author Jack R. Barckhoff, PE. gives a step-by-step plan to 
maximize the productivity and cost efficiency of a weld- 
ing operation. Explains the management principles, 
structure, and details needed to transform a welding 
operation from a cost center into a profit center. A must- 
read for supervisors, managers, and executives. 200 

pages, 35figures, 20 tables, hardbound. 6" x9", 
(2004). 
TWM $49.50 

Lesser price shown is for AWS members. For a complete catalog, call 888-WELDING. 



From pipelines to power plants construction, from steel structure to oil 

and gas production and refinery facilities - each project places different and 

special requirements on filler metals. With its 6 strong product brands the Bohler 

Welding Croup provides the solution for any challenge. Quality,Time, Reliability. 

Whenever and wherever there are high demands to be fulfilled count on us. 

Bohler Welding Group 

USA       Tel: (800) 527 0791 | www.bwgus.com 

Tel: (800) 441 7343 | www.avestawelding.com 

Canada Tel: (888) 725 3593 | www.bwgca.com 

FULFILLING HIGH DEMANDS 

boehlerweldinggroup.com FONTARGEN I 



COMING 
EVENTS NOTE: A DIAMOND (*) DENOTES AN AWS-SPONSORED EVENT. 

The Fabricator® 's Leadership Summit: 6th Annual Metal Matters 
2011 Conf. Sponsored by the FMA and The Tube & Pipe Assn. 
Int'l. March 2-4. Walt Disney BoardWaik Resort, Orlando, Fla.; 
www.fmanet. orglmetalmatters. 

ILSC® Int'l Laser Safety Conf. March 14-17. Doubletree Hotel 
San Jose, San Jose, Calif.; www.laserinstitute.org. 

ShipTech 2011. March 15, 16. Beau Rivage Resort, Biloxi, Miss. 
Sponsored by Office of Naval Research, Navy Mfg. Technology 
(ManTech) Program, and Nat'l Shipbuilding Research Program. 
Contact Tricia Wright at (814) 269-2567; wright@ctc.com. 

ASNT Spring Research Symposium and Conf. March 21-25. 
Hyatt Regency San Francisco, San Francisco, Calif.; www.asnt.org. 

ProMat® 2011 colocating with Automate 2011 (formerly Int'l Ro- 
bots, Vision & Motion Control Show). March 21-24. McCormick 
Place, Chicago, 111.; www.promatshow.com. 

CONEXPO-CON/AGG. March 22-26. Las Vegas Convention 
Center, Las Vegas, Nev.; www.conexpoconagg.com. 

2011 JEC Composites Show. March 29-31. Porte de Versailles, 
Paris, France; www.ieccomposites.com. 

METEC Construction Machinery, 6th Int'l Expo. April 1-4. Met- 
ropolitan Expo, Athens, Greece; www.me-tec.gr. 

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

Micromanufacturing Conf. & Exhibits. April 5, 6. Drury Lane 
Convention Center, Oakbrook Terrace, 111. Sponsored by the So- 
ciety of Manufacturing Engineers; www.sme.org/micro. 

Nanomanufacturing Conf. & Exhibits. April 5, 6. Drury Lane 
Convention Center, Oakbrook Terrace, 111. Sponsored by Society of 
Manufacturing Engineers; www.sme.org/nanomanufacturing. 

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. Visit The Gases and 
Welding Distributors Assn.; www.gawda.org. 

Composites Manufacturing. April 12-14. Dayton Convention 
Center, Dayton, Ohio. Sponsored by the Society of Manufactur- 
ing 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, 

^g TRIANGLE 
T^  ENGINEERING, INC. 

Services for the Welding Industry 

Home of the "Monster Coupon" 
2 3/4" O.D.x 5/8" Wall = Unlimited Thickness Qualification 

■ Weld engineering and consulting - WPS, PQR 
► Welder training and qualification coupons 
► 24 Hour Procedure Qualifications 

■ Destructive test equipment 
► Full testing services 
► P.WH.T. Services 

'Awsys^ 

^^^ 

Test 
Plates 

Wm0 
Weld Test 

Pipe Coupons 

6 Industrial Way, Hanover, MA 02339-2425 
(781 )878-1500 • (781 )878-1374 • Fax(781 )878-2547 

www.trieng.com • NEW Online Store 

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

FERITSCOPE® FMP30 Measurement 
: the Ferrite Content in Austenitic 
and Duplex Steel 

Fischer's Feritscope® FMP30 
Fast, precise measurement of 
ferrite content of constructional 
steels, welded claddings, 
austenitic stainless steels 
and duplex steels. 

• Non-destructive measurement 
in the range of 80% Fe or 0-120 
WRC number. 

• Battery or AC powered 
• Large, backlit display 
• Automatic probe recognition 
• Statistical evaluation 
• USB interface 
• Multiple application memories 

1-860-683-0781 • Fax: 1-860-688-8496 
www.Fischer-Technology.com • info@fischer-technology.com 

For info go to www.aws.org/ad-index 
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Houston, Tex. Sponsored by the Society of Manufacturing Engi- 
neers; 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/. 

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@postlO.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, 
Maslak Campus of Istanbul Technical University, Istanbul, 
Turkey; www.ndtms.itu.edu.tr. 

ASQ World Conf. on Quality and Improvement and Quality 
Institute for Healthcare Conf. May 16-18. David L. Lawrence 
Convention Center, Pittsburgh, Pa. Sponsored by American So- 
ciety 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 the AWS D16 Committee on Robotics and Auto- 
matic Welding and the 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. 

Beljlng-Essen Welding & Cutting Fair. June 2-5. Shanghai New 
International Expo Center, Shanghai, China; www.beijing-essen- 
welding.de. 

SME Annual Conf. June 5-7. Hyatt Regency Bellevue, Bellevue, 
Wash. Sponsored by the 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. 

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

WWW.GULLCa.CC3M 

LINEAR or RADIAL 

HIGH DEPOSIT RATE 

QUICK SETUP TIME 

KAX aSCILLATOR 
Motorized weld center line 
adjustment 

Motorized stroke width 

Oscillation speed control 

Store up to 10 welding 
programs 

GULLCD   INTERNATIONAL  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 
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10N24 3/32 
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Ga* Nozzle 
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Collet Body      Gas Lens    Alumina Cup Tungsten 3/32 

Over 100,000 Products In-stock. Find More on... 
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•Unit price listed. Valid through 6/30/2011. Part # is for customer 
•convenience only. Not associated with any manufacturer/brand name. 

For info go to www.aws.org/ad-index 
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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-Interactive 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 the 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 Brasil 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. Visit Gases and Welding Distributors 
Association, www.gawda.org. 

SOUTH-TEC. Oct. 11-13. Charlotte Convention Center, Char- 
lotte, N.C. Sponsored by the Society of Manufacturing Engineers; 
www. southteconline. com. 

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

Brazil Welding Show and Corte & Conformagao de Metals. Oct. 
18-21. Expo Centre Norte, Sao Paulo, Brazil. Organized by Messe 
Essen and supported by DVS, German Welding Society; 
www.arandanet.com.br/eventos2011 /ccm/index2.html. 

ASNT Fall Conf. and Quality Testing Show. Oct. 24-28. Palm 
Springs Convention Center, Palm Springs, Calif.; www.asnt.org. 

Heat Treat 2011,26th Conf. and Expo., colocated with Gear Expo. 
Oct. 31-Nov. 2. Duke Energy Convention Center, Cincinnati, 
Ohio. Sponsored by the ASM Heat Treating Society; 
http://hts.asmintemational.org/content/Events/Heattreat/. 

♦ FABTECH. Nov. 14-17. McCormick Place, Chicago, 111. This ex- 
hibition is the largest event in North America dedicated to show- 
casing the full spectrum of metal forming, fabricating, tube and 
pipe, welding equipment, and myriad manufacturing technolo- 
gies. Contact American Welding Society, (800/305) 443-9353, ext. 
264; www.fabtechexpo.com orwww.aws.org. 

International WorkBoat Show. Nov. 30-Dec. 2. Ernest N. Morial 
Convention Center, New Orleans, La.; www.divbusiness.com. 

♦ Fray Int'l Symposium on Metals and Materials Processing in a 
Clean Environment. Dec. 4-7. Hilton Cancun Golf & Spa Resort, 
Cancun, Mexico. Sponsored by the American Welding Society 
and other organizations; www.flogen.com/FraySymposium, or 
contact Florian Kongoli, chaixvasa, fkongoli@flogen.com. 

Weld Smarter Wit 
Total Welding Management 
Implementing the principles and 
concepts in this book could save 
you $15,000 to $25,000 annually 
per welder. Total 

Welding 
Management Drawing on more than 50 years        Management 

of welding experience, author Jack 
R. Barckhoff, RE., gives you a solid 
step-by-step plan to manage your 
welding operations for maximum 
productivity and cost efficiency. 
Specific recommendations and 
real-life production examples 
illustrate how your welding team 
can realize productivity gains of 20 percent to 50 percent. 
Total Welding Managemenf explains the management 
principles, structure, and details you need to transform your 
welding operations from a cost center into a profit center. A 
must-read for supervisors, managers, and executives who 
seek to make their welding operations more efficient and 
more productive. 185 pages, 35 figure, 20 tables, hardbound. 

Order yours today: 888-WELDING (935-3464). 
Outside North America: 305-824-1177. 
Online: www.aws.org/atanilanls 
Order code: AWS TWM, $49.50 

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

Prep for AWS Certified Welding Supervisor Exam 
Mar 21 : 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 
Mar 28 : Jun 6 : Sep 26 : Nov 28 

Welding Instructor Course 
Jul 18 

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 

IOBART INSTITUTr 
1 OF WELDING TECHNOLOGY l_l 

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

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, 2011. 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 classes beginning March 21, Sept. 1. Hobart Institute 
of Welding Technology, Troy, Ohio; www.welding.org; hiwt@ 
welding.org; (800) 332-9448. 

Laser Welding and Cutting Seminar. March 24, Cleveland, Ohio. 
Sponsored by Lincoln Electric Automation. Speakers from 
FANUC Robotics, IPG Photonics, Laser Specialty Products, and 
HIGHYAG. For reservations, contact Patricia DeDonno (216) 
383-8542; patricia_dedonno@lincolnelectric. com. 

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

Robotic Arc Welding Training and Certiflcation. 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. 

TIP TIG Manual and Automated Plate and Pipe Welding 
Workshops. March 24 and each third Thursday of the month. 
1901 Kitty Hawk Ave., Bldg. 68, Philadelphia Naval Shipyard, 
Philadelphia, Pa.; (215) 389-7700; www.tiptigusa.com. 

Preparation and Testing for AWS CRAW-T and CRAW-O. Weeks 
of May 2 or August 1. ABB, Inc., Auburn Hills, Mich. Call Keith 
Lloyd (248) 391-8421. 

Pipeline Welding Seminar. March 29-31, Cleveland, Ohio. Free 
seminar intended for contractors and professionals. The Lincoln 
Electric Co. Call to register by March 15, (216) 383-8355. 

Training for Certified Robotic Arc Welding Technicians and 
Operators. Weeks of April 25 or Aug. 1. Wolf Robotics offers 
preparation and exams for AWS CRAW certifications. Call 
Darren Tape, (970) 225-7736. 

Art Using Welding Technology Classes and Workshops. Miami, 
Fla. With artist and sculptor Sandra Garcia-Pardo. Meet the 
artist at www.sandragarciaart.com; (786) 547-8681. 

ASM Int'l Courses. Numerous classes on welding, corrosion, fail- 
ure analysis, metallography, heat treating, etc., presented in 
Materials Park, Ohio, online, webinars, on-site, videos, and 
DVDs; www.asminternational.org, search for "courses." 

Automotive Body in White Training for Skilled Trades and 
Engineers. Orion, Mich. A five-day course covers operations, 
troubleshooting, error recovery programs, and safety procedures 
for automotive lines and integrated cells. Applied Mfg. 
Technologies; (248) 409-2000; www.appliedmfg.com. 

Stay Connected to AWS 
and win 
Add or update your r 
ii'iui youll have a chance 
win one of several AWS- 
Umtlod tddlon t-sWrta* 

To update your email address, follow the steps below, or 
call us at (800) 443-93S3. ext 480 to update it by phone 
• Sign m at www aws org 
• Once you are logged in. dick the account button in the 

red sign m box area 
• Select 'Address' under the 'Member information" menu 
• Make any necessary changes, and click 'Save Info' am 

'Follow these steps, and you will be eligible for a chance to win one of 
several Limited Edition AWS t-shirts, only available at www.aws.org/tshirt 
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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 
LOCATION 
Houston, TX 
Norfolk, VA 
Perrysburg, OH 
Indianapolis, IN 
Portland, OR 
Mobile, AL 
Rochester, NY 
Boston, MA 
Phoenix, AZ 
Anchorage, AK 
Chicago, IL 
York, PA 
Miami, FL 
Dallas, TX 
Springfield, MO 
Portland, ME 
Las Vegas, NV 
Knoxville, TN 
Corpus Christi, TX 
St. Louis, MO 
Baton Rouge, LA 
San Francisco, CA 
Waco, TX 
Nashville, TN 
Jacksonville, FL 
Baltimore, MD 
Detroit, MI 
Miami, FL 
Albuquerque, NM 
Long Beach, CA 
Spokane, WA 
Oklahoma City, OK 
Birmingham, AL 
Hartford, CT 
Pittsburgh, PA 
Beaumont, TX 
Miami, FL 
Corpus Christi, TX 

Inspector (CWI) 
SEMINAR DATES 
March 6-11 
March 6-11 
Exam only 
March 13-18 
March 13-18 
Exam only 
Exam only 
March 20-25 
March 20-25 
March 20-25 
March 20-25 
Exam only 
March 27-April 1 
April 3-8 
April 3-8 
April 3-8 
April 3-8 
Exam only 
Exam only 
Exam only 
May 1-6 
May 1-6 
Exam only 
May 8-13 
May 8-13 
May 8-13 
May 15-20 
May 15-20 
May 15-20 
Exam only 
June 5-10 
June 5-10 
June 5-10 
June 12-17 
June 12-17 
June 12-17 
June 12-17 
Exam only 

EXAM DATE 
March 12 
March 12 
March 12 
March 19 
March 19 
March 19 
March 19 
March 26 
March 26 
March 26 
March 26 
March 26 
April 2 
April 9 
April 9 
April 9 
April 9 
April 16 
April 23 
April 23 
May 7 
May 7 
May 7 
May 14 
May 14 
May 14 
May 21 
May 21 
May 21 
May 28 
June 11 
June 11 
June 11 
June 18 
June 18 
June 18 
June 18 
June 25 

9-Year Recertification Seminar for CWI/SCWI 
For current CWIs and SCWIs needing to meet education require- 
ments without taking the exam. The exam can be taken at any site 
listed under Certified Welding Inspector. 
LOCATION SEMINAR DATES EXAM DATE 
Dallas, TX March 14-19 No exam 
Miami, FL April 11-16 No exam 
Sacramento, CA May 9-14 No exam 
Pittsburgh, PA June 6-10 No exam 
San Diego, CA July 11-16 No exam 
Miami, FL July 17-23 No exam 

Certified Welding Supervisor (CWS) 
LOCATION SEMINAR DATES EXAM DATE 
New Orleans, LA April 4-8 April 9 
Minneapolis, MN July 18-22 July 23 
Miami, FL Sept. 12-16 Sept. 17 
CWS exams are also given at all CWI exam sites. 

Certified Radiographic Interpreter (CRI) 
LOCATION SEMINAR DATES          EXAM DATE 
Seattle, WA March 7-11                March 12 
Houston, TX April 4-8                    April 9 
Las Vegas, NV May 16-20                  May 21 
Miami, FL June 6-10                   June 11 
Dallas, TX July 18-22                  July 23 
The CRI certification can be a stand-alone credential or can 
exempt you from your next 9-Year Recertification. 

Certified Welding Sales Representative (CWSR) 
LOCATION SEMINAR DATES EXAM DATE 
Houston, TX March 23-25 March 25 
Miami, FL May 4-6 May 6 
Atlanta, GA June 8-10 June 10 
Miami, FL Aug. 24-26 Aug. 26 
CWSR exams will also be given at CWI exam sites. 

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

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

Certified Robotic Arc Welding (CRAW) 
WEEK OF                 LOCATION CONTACT 
March 7   Wolf Robotics, Ft. Collins, CO (970) 225-7736 
April 25   Wolf Robotics, Ft. Collins, CO (970) 225-7736 
May 2      ABB, Inc., Auburn Hills, MI (248) 391-8421 
May 23     Genesis Systems, Davenport, IA (563) 445-5688 
Aug. 1      Wolf Robotics, Ft. Collins, CO (970) 225-7736 
Aug. 1      ABB, Inc., Auburn Hills, MI (248) 391-8421 

International CWI Courses and Exams 
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 making your travel plans. For information, vw/f www.aws.org/certification, or co// (800/305) 443-9353, ext. 273, for 
Certification; or ext. 455 for Seminars. Apply early to avoid paying the Fast Track fee. 
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«C" is for Certified. 
The "W" stands for Welding. 

"S" is not just for Supervisor. 

v 
o 

Studies have shown that having an AWS Certified Welding Supervisor on staff can save thousands of 
dollars a year per welder. This certification—which establishes that a CWS has the knowledge to 
improve a welding operation's quality, cost, productivity, and safety—is not just for supervisors. The 
training has been designed to enhance the value of anyone involved in welding design, quoting, 
purchasing, detailing, inspecting, instructing, or management. 

Beneficiaries of the program include CEOs, lead welders, design engineers, CWIs, and others. In fact, we 
can train an entire team right at your location, saving you time and money on a program that is proven to 
improve profitability. 

The "S" stands for Supervisor, but for non-supervisors at your company, it can mean "savings," 
"superior quality" "safety," and more. To find out more about sending employees for six-day CWS 
training and certification, or having a program presented at your company, visit 
www.aws,org/certification/CWS or call (800) 443-9353 ext 273. 

American Welding Society 

New Orleans 4/4-4/9 • Minneapolis 7/18-7/23 • Miami 9/12-9/17 • Norfolk 10/17-10/22 



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 



(please type or print in black ink) 

CLASS OF 2012 

COUNSELOR NOMINATION FORM 

DATE NAME OF CANDIDATE  

AWS MEMBER NO. YEARS OF AWS MEMBERSHIP  

HOME ADDRESS  

CITY STATE ZIP CODE PHONE 

PRESENT COMPANY/INSTITUTION AFFILIATION_ 

TITLE/POSITION  

BUSINESS ADDRESS  

CITY STATE ZIP CODE PHONE_ 

ACADEMIC BACKGROUND, AS APPLICABLE: 

INSTITUTION  

MAJOR & MINOR  

DEGREES OR CERTIFICATES/YEAR  

LICENSED PROFESSIONAL ENGINEER:   YES NO  STATE  

SIGNIFICANT WORK EXPERIENCE: 

COMPANY/CITY/STATE  

POSITION YEARS_ 

COMPANY/CITY/STATE  

POSITION YEARS_ 

SUMMARIZE MAJOR CONTRIBUTIONS IN THESE POSITIONS: 

IT IS MANDATORY THAT A CITATION (50 TO 100 WORDS, USE SEPARATE SHEET) INDICATING WHY THE NOMINEE SHOULD BE 
SELECTED AS AN AWS COUNSELOR ACCOMPANY THE NOMINATION PACKET. IF NOMINEE IS SELECTED, THIS STATEMENT MAY 
BE INCORPORATED WITHIN THE CITATION CERTIFICATE. 

**MOST IMPORTANT** 
The Counselor Selection Committee criteria are strongly based on and extracted from the categories identified below. All in- 

formation and support material provided by the candidate's Counselor Proposer, Nominating Members and peers are considered. 

SUBMITTED BY: 
PROPOSER  
AWS Member No. 
The proposer will serve as the contact if the Selection Committee requires further information. The proposer is encouraged to include a 
detailed biography of the candidate and letters of recommendation from individuals describing the specific accomplishments of the can- 
didate. Signatures on this nominating form, or supporting letters from each nominator, are required from four AWS members in addition 
to the proposer. Signatures may be acquired by photocopying the original and transmitting to each nominating member. Once the sig- 
natures are secured, the total package should be submitted. 

NOMINATING MEMBER 
AWS Member No 

NOMINATING MEMBER 
AWS Member No 

NOMINATING MEMBER 
AWS Member No 

NOMINATING MEMBER 
AWS Member No 

 Print Name  

 Print Name  

 Print Name  

 Print Name  

SUBMISSION DEADLINE JULY 1, 2011 



American Welding Society 

Nomination of AWS Counselor 

I. HISTORY AND BACKGROUND 
In 1999, the American Welding Society established the honor of Counselor to recognize indi- 

vidual 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 such as AWS, IIW, WRC, SkillsUSA, NEMA, NSRP SP7 or other 
similar groups.) 

• Leadership of or within an organization that has made 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 partici 
pation of its employees in industry activities such as AWS, IIW, WRC, SkillsUSA, NEMA, 
NSRP SP7 or other similar groups.) 

II. RULES 
A. Candidates for Counselor shall have at least 10 years of membership in AWS. 
B. Each candidate for Counselor shall be nominated by at least five members of 

the Society. 
C. Nominations shall be submitted on the official form available from AWS 

headquarters. 
D. Nominations must be submitted to AWS headquarters no later than July 1 

of the year prior to that in which the award is to be presented. 
E. Nominations shall remain valid for three years. 
F. All information on nominees will be held in strict confidence. 
G. Candidates who have been elected as Fellows of AWS shall not be eligible for 

election as Counselors. Candidates may not be nominated for both of these awards 
at the same time. 

III. NUMBER OF COUNSELORS TO BE SELECTED 
Maximum of 10 Counselors selected each year. 

Return completed Counselor nomination package to: 

Wendy S. Reeve 
American Welding Society 
Senior Manager 
Award Programs and Administrative Support 
550 N.W. Lejeune Road 
Miami, FL 33126 

Telephone: 800-443-9353, extension 293 

SUBMISSION DEADLINE: July 1, 2011 



Mega International Event for 
Welding, Cutting & Allied Products 

64th 

IIW 2011 

n» 
C H E N N A I 
17-22 July, 2011 

Welcome to Chennai, India 

64th Annual Assembly & International Conference of 
The International Institute of Welding 

Assembly: 17-20 July 2011 
Venue: Hotel Le Royal Meridian, Chennai 
Conference: 21-22 July 2011 
Venue: Chennai Trade Centre 

Conference Theme 

"Global trends In Joining, Cutting and Surfacing Technology" 

6th International Welding Technology Exhibition 
WELD INDIA 2011 

21-23 July. 2011  ;^,ND,fl2011 
Venue: Chennai Trade Centre ~—■™"™°"™°" 

ixhibitor Profile 
Manufacturers, Suppliers & Trader 
welding consumables, welding & cuttin 
equipment & automation products. 

Welding fabrication industries. Core sector 
industries like Railways, Coal Mining, Power 
Plants, Shipbuilding etc. 

s. Suppliers & Traders of Metal & 
Alloys, Equipment & Accessories, Safety items. 
Inspection, Mechanical Testing & NDT items. 

Welding Research and Education establishments, 
Inspection Agencies, Professional Institutes, 
Trade Journals & Welding Book Publishers. 

Organized By 

www.iiwindia.com 

The Indian Institute of Welding 
Registered Office: 
3A Dr.U.N. Brahmachah Street, 
Kolkata 700017,lndia 
Tel:+91-33-2281 3208 
Fax:+91-33-2287 1350 
E-Mail: iiw2011india@iiwindia.com 
Web: www.iiw2011 .com 

Organizing Partners 
Assembly & Conference 

I 
KWCONFERENCES 

KW Conferences Pvt Ltd 
A 56/12, DLF Phase 1, Gurgaon 122002 
Tel: 91-124-4636700 
Fax:91-124-4102075 
Email: iiw2011 @ kwconferences.com 
Web: www.kwconfereilces.com 

A^ 
www.iiw2011.com 

Exhibition 
X 

UnitechExpo 
Unitech Exhibitions Pvt Ltd 
Plot No.338, 1st Main Road 
Nehru Nagar Industrial Estate, OMR 
Chennai - 600096, INDIA. 
Tel: +91-44-24543322 / 23 
Fax:+91-44-245433|21 
Email: info@uniteqj^cpo.com 
Web: www.unitecli^Bkj.com 

For Info go to www.aws.org/ad-lndex 
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Testing for Corrosion 
Datasheet 322 
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Fig. 7 — Tyjjei of corrosion in a welded joint. 

The corrosion resistance of welded joints may differ from that 
of the unwelded base metal because the weld zone varies in chem- 
ical composition, metallurgical structure, and residual stress lev- 
els. The welding process itself causes these differences. Fortu- 
nately, we can control the welding process and we can choose a 
filler metal to optimize, at least to some extent, the corrosion re- 
sistance of welded joints. 

The welded joint and the base metal may corrode uniformly 
over the entire surface, which is called uniform or general corro- 
sion, or the welded joint may be susceptible to different types of 
preferential attack. Figure 1A shows uniform corrosion in which 
all zones of the weldment corroded at the same rate. The weld metal 
may corrode more (Fig. 1C), or less, as shown in Fig. IB, than the 
base metal because of different chemical compositions or mi- 
crostructures, or both. In addition, as shown in Fig. ID and E, the 
heat-affected zone may be susceptible to corrosion attack in a spe- 
cific region as a result of metallurgical reactions during welding. 

More than one of the types of corrosion depicted in Fig. 1 may 
occur in the same welded joint. Moreover, microscopic attack, 
such as intergranular corrosion and pitting corrosion, can occur 
at any location in a welded joint. 

Several factors influence corrosion resistance of welded joints. 
These factors should be included in the test report when record- 
ing the results obtained in the corrosion tests. These include the 
following: 
• Chemical composition and structure of base metal and weld 

metal 
• Welding process and procedure, especially shielding 
• Dimensions of the welded test plate and the corrosion speci- 

mens removed from the plate 
• Composition, phase, and temperature of the corrosive media 
• Details of any galvanic or impressed current cathodic or an- 

odic electrical system used. 

Test Methods 

The techniques used to evaluate the corrosion of weldments 
include weight loss measurements and ultrasonic inspection. 

Fig. 2 — Typical welded joint used as a corrosion test specimen. 

Weight loss measurements are usually easy to perform and directly 
provide the general corrosion rate; however, they are often not 
sensitive enough to detect other forms of corrosion such as pref- 
erential attack, intergranular corrosion, and stress corrosion crack- 
ing. Ultrasonic inspection techniques can be used to measure lo- 
calized surface discontinuities and evaluate intergranular attack. 
Specific tests need to be developed for each type of corrosion, and 
a corrosion engineer should be consulted to develop an appropri- 
ate test plan. 

In all these tests, the corrosion test specimen design varies 
with the size and type of the product undergoing assessment. 
When testing for generalized corrosion, a butt joint like that 
shown in Fig. 2 is the simplest test specimen shape. 

The overall dimensions of the test assembly should be repre- 
sentative of an actual welded assembly, and the thickness should 
be representative of those used in applications for the material 
tested. To simulate the residual stresses formed in assemblies, 
the test plate should be at least 18 in. long and 12 in. wide. 

Weld cross sections can also be tested. In some circumstances, 
only the weld metal is tested. This would be the case when test- 
ing the corrosion resistance of a filler metal. It should be noted 
that this technique cannot determine whether a galvanic corro- 
sion couple will form between this weld metal and a base metal. 

Surface preparation of a test specimen should fit the purpose 
of the test and the technique of evaluating the corrosion damage 
after the test. However, an effective degreasing method is neces- 
sary regardless of the preparation method because grease can 
provide an effective barrier to aqueous corrodents. 

The inspector should adhere to the following guidelines when 
performing any corrosion test: 

1. The specimen should be tested in the as-welded condition 
with no attempt to remove metal or welding scale. This is recom- 
mended when the weld is to be used in service with metal or weld- 
ing scale and the test environment is identical or similar to that 
which the weld would experience in service. 

2. Unless galvanic corrosion is suspected in the weld, the 
amount of exposed unaffected base metal should be kept to a 
minimum. 

3. All surfaces should be machined or gound flush, leaving no 
undercut or surface imperfections. These should then be pol- 
ished to a 120-grit finish. Avoid overheating during preparation. 
This method is recommended if surface examination is to be used 
for the evaluation. Removal of large amounts of weld metal can 
significantly affect corrosion rates, particularly when working 
with large sections and multipass welds.^ 

Excerpted from the Welding Handbook, Vol. 1, ninth edition. 
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BY HOWARD M. WOODWARD 
woodward@aws.org 

Membership Committee Meets at FABTECH 

Membership Committee members are (from left) Dennis Eck, Roy Lanier, Cassie Burrell, Lee Kvidahl, Nanette Samanich, Dale Flood, 
Rhenda Kenny, Mike Wiswesser, Nancy Cole, David Trees, David Landon, Tom Smeltzer, Russ Norris, and Tully Parker. The committee mem- 
bers met October 30, 2010, during FABTECH in Atlanta, Ga. 

AWS Institutes Online Training and Certifications 
BY DAVID HERNANDEZ 

In March, AWS will launch www. 
AmericanWeldingOnline.com (AWO), a 
state-of-the-art virtual training and certi- 
fication site. 

The AWO site will allow members of 
the welding community to receive train- 
ing, share ideas and content, study, and 
obtain AWS certifications online. 

American Welding Online will be im- 
plemented in stages, beginning with the 
Certified Welding Sales Representative 
(CWSR) seminar and examination. 

This will represent the first time the 
training and examination leading to an 
AWS certification will be available 
through a virtual classroom. Students will 
have 24-hour access to course content, 
videos, simulations, animated diagrams, 
and high-definition visuals. 

Also, AWO will leverage user forums 
and discussion boards to allow students 
to participate in debates and network with 
colleagues using Web 2.0 technologies. 
The course instructors will be available to 
participants through weekly webinars for 
live community chats and conferencing. 

The online seminars offered through 

AWO will be equal in content and rele- 
vance to the regular classroom seminars. 
Moreover, the AWO online seminars will 
allow each participant to complete the 
course content at his or her own pace. In- 
stead of missing work for several days to 
travel to a seminar site, participants can 
receive the same quality instruction at 
their convenience and in the comfort of 
their homes. The motto of AWO is, "Your 
schedule, your pace." 

In the case of the CWSR certification, 
upon completion of the course materials, 
participants will be given access to the cer- 
tification examination. The two-hour 
exam features randomized questions and 
several security measures to ensure pro- 
tection of both the users' data and the va- 
lidity of the examination. As an added 
benefit, participants will receive instanta- 
neous grade results. There is no quicker, 
more convenient, nor cost-effective means 
to attain AWS certifications. 

The second phase of the AWO imple- 
mentation will benefit SENSE schools 
with a new student and instructor regis- 
tration process, student module and com- 

pletion examinations, student technical 
skills assessment testing, and school 
benchmarking functionalities in a new 
SENSE interface. In addition to the back- 
end support for SENSE schools, AWO 
will also provide instructors with comple- 
mentary online content that can be uti- 
lized in their classrooms. 

The tentative release date for the 
SENSE registration and testing process is 
summer 2011. 

In the near future, the AWO site will 
also offer free educational materials, 
study tools, practice exams, podcasts, and 
conference lectures. 

To learn more about online certifica- 
tions, visit the Web site www.American- 
WeldingOnline. com or contact the AWS 
Education Department, (800/305) 443- 
9353, ext. 449. 

DAVID HERNANDEZ (dhernandez@aws.org) is senior manager, education development, AWS Education Dept, Miami, Fla. 
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Tech Topics 

Cape Canaveral Hosts AWS Technical Activities Committee 

The AWS Technical Activities Committee (TAC) met Jan. 19 and 20 at Kennedy Space Center in Cape Canaveral, Fla. Shown (from left) are 
Harold Gray, Scott Murray, Harry Wehr, Walter Sperko, Dick Holdren, Pat Hochanadel, Ed Yevick, Nigel Scotchmer, Duane Miller, Larry 
Schweinegruber, Don Rager, Dave Beneteau, Kendall Ymker, Dave Fink, Matt Lucas, Andrew Davis, Joe Campbell, John Gayler, Tom Lan- 
don, Mike Untermeyer, Jim Sekely, Dave Landon, Nancy Cole, Jeff Fluckinger, Doug Kautz, David Lee, Ronald Smith, and Mike Hogan. 

New Standards Project 
Development work has begun on the 

following revised standard. Affected indi- 
viduals are invited to contribute to its de- 
velopment. To participate, call Staff En- 
gineer M. Rubin at ext. 215. Participation 
on AWS Technical Committees and Sub- 
committees is open to all persons. 

C7.4/C7.4M:20XX, Process Specifica- 
tion and Operator Qualification for Laser 
Beam Welding. This specification on laser 
beam welding discusses applicable speci- 
fications, safety, requirements, fabrica- 
tion, quality examination, equipment cal- 
ibration, maintenance, approval of work, 
and delivery of work. Stakeholders: Laser 
beam welding industry. 

Revised Standards Approved by ANSI 
K5.21IX5.21M:2Q11, Specification for 

Bare Electrodes and Rods for Surfacing. 
Approved 12/23/10. 

A5.32M/A5.32:2011 (ISO 14175:2008 
MOD), Welding Consumables — Gases 
and Gas Mixtures for Fusion Welding and 
Allied Processes. Approved 1/11/11. 

Standards for Public Review 
These public reviews expire 3/11/11. 
C3.7M/C3.7:20XX, Specification for 

Aluminum Brazing. Revised — $25. 
C3.8M/C3.8:20XX, Specification for 

the Ultrasonic Pulse-Echo Examination of 
Brazed Joints. Revised — $25. 

C3.11M/C3.11:20XX, Specification for 
Torch Soldering. New — $25. 

BU.6fDU.6M:20XX, Specification for 
Welding of Rotating Elements of Equip- 
ment. Revised — $49. 

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. 

ISO Draft Standard for Public Review 
ISO/DIS 17653, Resistance welding — 

Destructive tests on welds in metallic mate- 
rials — Torsion test of resistance spot welds 

Copies of the above draft international 
standard are available for review and com- 
ment through your national standards 
body, which in the United States is ANSI, 
25 W 43rd St., 4th Floor, New York, NY 
10036; telephone (212) 642-4900. Com- 
ments regarding ISO documents should 
be sent to your national standards body. 

In the United States, if you wish to par- 
ticipate in the development of interna- 
tional standards for welding, contact An- 
drew Davis, adavis@aws.org; (305) 443- 
9353, ext. 466. 
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Technical Committee Meetings 
All AWS technical committee meet- 

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

March 7. A5H Subcommittee on 
Filler Metals and Fluxes for Brazing. 
Santa Fe, N.Mex. S. Borrero, ext. 334. 

March 8, 9. C3 Committee and Sub- 
committees on Brazing and Soldering. 

Santa Fe, N.Mex. S. Borrero, ext. 334. 
March 15-18. Dl Committee on 

Structural Welding. Houston, Tex. J. 
Gayler, ext. 472. 

March 22,23. A5 Committee on Filler 
Metals and Allied Materials. Orlando, 
Fla. R. Gupta, ext. 301. 

March 24. A5T Subcommittee on 
Filler Metal Procurement Guidelines. 
Orlando, Fla. R. Gupta, ext. 301. 

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 

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 techni- 
cal committees and subcommittees. 

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

here, then contact the committee sec- 
retary 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 Weids 
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 January 20, 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 101 of this Welding Journal, or visit www.aws.org/mgm. Call the Member- 
ship 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 Valley7 

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 — 18 
G. Kirk, Pittsburgh — 17 

President's Ciub 
Sponsored 3-8 new members 

M. Pelegrino, Chicago — 8 
M. Tryon, Utah — 8 
R. Dawson, Western Carolina — 4 
J. Hope, Puget Sound — 4 
J. Hopwood, Iowa — 4 
D. Steyer, Niagara Frontier — 4 
G Bish, Atlanta — 3 
H. Cable, Pittsburgh — 3 
C. Crumpton, Florida West Coast — 3 
J. Dolan, New Jersey — 3 
R. Ellenbecker, Fox Valley — 3 
M. Haggard, Inland Empire — 3 
F Oravet, 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 
R. Fuller, Florida W Coast 
G. Hamilton, Houston 
J. Hill, Nebraska 
A. Holt, St. Louis 
J. Kline, Northern New York 
A. Laabs, Lakeshore 
T Palmer, Columbia 
G. Watry, Houston 
W Wall, Auburn 
S. Witkowski, Houston 
D. Wright, Kansas City 

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 
M. Boggs, Stark Central — 25 
J. Carney, W Michigan — 25 
G. Gammill, NE Mississippi — 25 
G. Kirk, Pittsburgh — 24 
H. Browne, New Jersey — 224 
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 Shirk, Tidewater — 15 
R. Evans, Siouxland- 14 
K Karwoski, Racine-Kenosha — 14 
C. Schiner, Wyoming — 14 

M. Arand, Louisville — 13 
W Davis, Syracuse — 13 
C. Donnell, NW Ohio — 13 
G. Watry, Houston — 13 
R. Boyer, Nevada — 12 
J. Daughtery, Louisville — 12 
J. Goodson, New Orleans — 12 
R. Wahrman, Triangle — 11 
R. Young, Iowa — 10 
A. Badeaux, Washington, D.C. — 9 
J. Boyer, Lancaster — 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 
D. Wright, Kansas City — 8 
R. Hutchinson, Long Bch./Or. Cty. — 7 
D. Ketler, Willamette Valley — 7 
J. Kline, Northern New York — 7 
G. Siepert, Kansas — 7 
J. Johnson, Madison-Beloit — 6 
T Palmer, Columbia — 6 
D. Zabel, SE Nebraska — 6 
D. Kowalski, Pittsburgh — 5 
B. Suckow, Northern Plains — 5 
B. Benyon, Drake Well — 4 
S. Colton, Arizona — 4 
W Galvery, L.A./Orange County — 4 
T Green, Central Arkansas — 4 
A. Holt, St. Louis — 4 
S. Mackenzie, Northern Michigan — 4 
J. Meyer, San Francisco — 4 
T Smeltzer, San Francisco — 4 
C. Warren, N. Central Florida — 4 
D. Aragon, Puget Sound — 3 
R. Bass, Tulsa — 3 
R. Chase, L.A/Inland Empire — 3 
B. Clark, Iowa — 3 
J. Gerdin, Northwest — 3 
R. Hilty, Pittsburgh — 3 
S. Miner, San Francisco — 3 
F Pruitt, Greater Hunts — 3 
G. Rolla, L.A/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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Shown at the Maine Section board meeting (from left) are (front row) Ralph Ruel, Mark Legel, Ray Roy, and Derrick Pratt; (back row) 
Paul McClay Eric Miskin, Dick Gregoire, Tom Cormier, Mike Gendron, Scott Lee, Russ Norris, and Jim Kein. 

Shown at the Tidewater Section program are (from left) Rolf Zierow Jr., Zachery Dust, speaker Gregory Sprock, Clayton Parrish, Sonny 
Price, Jenord Alston, and Chair Paul Hebert. 

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

MAINE 
JANUARY 20 
Activity: Chair Scott Lee held a Section 
board meeting at Jimmy the Greek's in Old 
Orchard Beach, Maine. Attending were 
Ralph Ruel, Mark Legel, Ray Roy, Derrick 
Pratt, Paul McClay, Eric Miskin, Dick 
Gregoire, Tom Cormier, Mike Gendron, 
Scott Lee, Russ Norris, and Jim Kein. 

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

District 3 
Michaei Wiswesser, director 
(610)820-9551 
mike @ weiderinstitute. com 

YORK-CENTRAL PA. 
JANUARY 6 
Speaker: James Stouch, vice president 
Affiliation: Precision Custom Compo- 
nents 
Topic: Future of the nuclear power indus- 
try 
Activity: The program was held at Her- 
itage Hills Country Club in York, Pa. 

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

Speaker Jim Stouch (left) chats with Jim 
Henry, York-Central Pa. Section chair. 

TIDEWATER 
JANUARY 13 
Speaker: Gregory Sprock, instructor 
Affiliation: Peninsula Workforce Devel- 
opment Center 
Topic: The CNC machining process from 
product concept to production 
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Speaker Ross Wallace (left) is shown with 
Damen Johnson, vice chair of the Florida 
West Coast Section. 

Gale Mole (left), South Carolina Section 
chair, chats with speaker Richard Temple. 

Speaker V Ananthanarayanan (left) is 
shown with Steve Whitney, Dayton Section 
secretary. 

Shown at the North Florida section meeting are (from left) Jim Issa, Ray Williams, speaker 
Sherman Smith, and Steve Mattson, District 5 director. 

John Foley (left) and Bob Jackson received 
their Life Member certificates at the Pitts- 
burgh Section program. 

Activity: Following the talk, five attendees 
received welding helmet paper weights 
fabricated by Sprock's students. The pro- 
gram was held at Peking International Buf- 
fet in Hampton, Va. 

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

FLORIDA WEST COAST 
JANUARY 12 
Speaker: Ross Wallace, welding supervi- 
sor and safety director 
Affiliation: Tampa Steel Erecting Co. 
Topic: Safety vs. production 
Activity: The meeting was held at Frontier 
Steakhouse in Tampa, Fla. 

NORTH FLORIDA 
JANUARY 13 
Speaker: Sherman Smith, welding teacher 
Affiliation: Orange Park High School 
Topic: How to apply for AWS scholarships 
Activity: The meeting was held at Orange 
Park High School in Orange Park, Fla. 
Steve Mattson, District 5 director, at- 
tended the program. 

SOUTH CAROLINA 
NOVEMBER 18 
Speaker: Richard Temple, productivity 
specialist, southern division 
Affiliation: Praxair 
Topic: The true cost of welding and evalu- 
ation of your welding processes 

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

District 7 
Don Howard, director 
(814)269-2895 
howard© etc. com 

DAYTON-CINCINNATI 
DECEMBER 14 
Speaker: \. Ananthanarayanan 
Affiliation: Innovative Weld Solutions 
Topic: Deformation resistance welding 
Activity: Brandon Fressinger received the 
Les Vesey Memorial Scholarship award to 
help continue his studies at Hobart Insti- 
tute of Welding Technology. The meeting 
was held at Bullwinkle's Top Hat Bistro in 
Miamisburg, Ohio. 

PITTSBURGH 
JANUARY 11 
Speaker: Jonathan Dane, financial special- 
ist 
Affiliation: PNC Financial Group 
Topic: Economic impacts on the welding 
industry 
Activity: John Foley and Bob Jackson re- 
ceived their Life Member certificates for 
35 years of service to the Society. Past 
chairmen in attendance included John 
Foley, Carl Ott, Tom White, Ed Yevick, Bob 
Jackson, and Jim Sekely. The program was 
held at La Mont Restaurant in Pittsburgh, 
Pa. 

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

District 9 
George Fairbanks Jr., director 
(225) 473-6362 
fits@bellsouth.net 
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Speaker Jonathan Dane (right) is shown 
with Brad King, Pittsburgh Section chair. 

MOBILE 
JANUARY 13 
Activity: Myles King and Troy Gurkin 
from Lincoln Electric Co. demonstrated 
the company's VRTEX™ 360 virtual real- 
ity arc welding training system for 38 at- 
tendees. The meeting was held at Saucy Q 
Bar B Q in Mobile, Ala. 

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

CLEVELAND 
NOVEMBER 9 
Activity: Fifty Section members and guests 
toured The Great Lakes Towing Co. in 
Cleveland, Ohio, to study its shipbuilding 
operations. Joseph P. Starck Jr., president, 
discussed how the firm, located on the 
Cuyahoga River, builds tugs and provides 
repair services to a variety of watercraft. 
Joe Craine, general manager, assisted with 
the program. 

DECEMBER 14 
Activity: The Cleveland Section held its 
holiday party and scholarship fund-raising 
event at St. Paul's Hellenic Center in North 
Royalton, Ohio, for 80 attendees. Chair 
Phil Schmidt hosted the event and Vice 
Chair Mike Sherman served as an auction- 
eer. The event supported the Section's 
three named scholarships. The John 
Gerken Scholarship helps pay for commu- 
nity college and university level tuitions up 
to four years. The Jack Buck Scholarship 
supports a student studying pipe welding 
at the Lincoln Electric Welding School. 
The Ray Sacha Scholarship helps pay fur- 
ther education at the postsecondary level. 
About 24 companies donated welding ma- 
chines, tools, services, athletic event tick- 
ets, and gift cards in support of the silent 
and live auctions. 

Pittsburgh Section past chairmen are from left (front row) John Foley, Carl Ott, and Tom 
White; (back row) Ed Yevick, Bob Jackson, and Jim Sekely. 

Pittsburgh Section members are shown at the January meeting. 

Shown at the Mobile Section program are (from left) Chair Jackie Morris and presenters 
Troy Gurkin and Myles King. 

Mike Sherman, Cleveland Section vice chair, 
auctions off a welding machine. 

Phil Schmidt, Cleveland Section chair, is 
shown at the December fund-raising event. 
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Detroit Section old timers are (from left) Roop Chandel, Chair John Bohr, Don Czemiewski, Larry Lyon, Jack Arthurs, Phil Temple, and 
Don Maatz, vice chair. 

NORTHWEST OHIO 
JULY 10 
Activity: The Section hosted its annual golf 
outing at South Toledo Golf Club in sup- 
port of the Section's Don Leonhardt Me- 
morial Scholarship. The event organizers 
included Mike Rogers, Tony Durls, and 
Mark Scalise. 

DECEMBER 9 
Activity: The Section members toured 
Labor Union #33 Training Center in Ross- 
ford, Ohio, to learn about its welder train- 
ing programs. Stan Lewinski explained the 
four-year apprentice requirements to work 
in welding and brazing, architectural sheet 
metal, and stainless steel fabrication for 
installation in restaurants, etc. The talk 
was followed by a tour of the welding and 
brazing booths, and sheet metal layout and 
fabrication areas. 

Mark Your Calendar 
April 7, 6:00-9:00 PM. The Northwest 

Ohio Section will present its 15th annual 
Lincoln motorsports welding program at 
Owens Community College in Toledo, 
Ohio. Karl Hoes from The Lincoln Elec- 
tric Co. will speak on the materials and 
welding processes used for the fabrication 
of various competition vehicles. About 30 
competition vehicles will be on display. 
Free admission, the public is invited. For 
information, call Dick West (419) 862- 
2933, or Larry Blake (419) 349-1521. 

Shown at the Detroit Section program are (from left) Ricardo DaCosta, Vincent Weng, Car- 
los Gutierrez, and Don Maatz. 

NORTHWESTERN PA. 
JANUARY 18 
Speaker: Eric Stewart 
Affiliation: The Lincoln Electric Co. 
Topic: Pipe welding 
Activity: The program was held at Tri State 
Business Institute in Erie, Pa., for 70 at- 
tendees. 

Speaker Eric Stewart (right) is shown with 
Marty Siddall, treasurer, Northwestern Penn- 
sylvania Section. 

Speaker Philip Fish (left) is shown with 
David Ramseur, Lakeshore Section secretary. 

District 11 
Robert P. Wilcox, director 
(734)721-8272 
r/n wilcox @ wo wway. com 

DETROIT 
JANUARY 13 
Speaker: Carlos Gutierrez, director and 
chief engineer 
Affiliation: GM&T Engineering, Inc. 
Topic: Validation testing of battery com- 
ponents 
Activity: This old timers' night event, 
hosted by Program Chair Phil Temple, was 
held at the Ukrainian Cultural Center in 
Warren, Mich. Old timers Larry Lyon and 
Jack Arthurs received their Gold Mem- 
ber certificates for 50 years of service to 
the Society, and Roop Chandel and Don- 
ald Czerniewski received their Silver 
Member certificates for 25 years of mem- 
bership. Also attending from GM&T En- 
gineering were Ricardo DaCosta, mechan- 
ical/automotive engineer, and Vincent 
Weng, mechanical engineer. 

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

LAKESHORE 
JANUARY 13 
Speaker: Philip Fish, president 
Affiliation: Fish & Associates, Inc. 
Topic: Bridge failures and details about the 
National Bridge Inspection Program 
Activity: Following dinner at Machut's 
Super Club, the 33 attendees toured the 
Manitowoc Crane Port Washington, Wis., 
factory. 
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Racine-Kenosha Section tour attendees included (from left) Chair Dan Crifase, Nick Lecus, Logan Batz, Steve Shute, Adam Levenhagen, 
Joginder Jutley, Steve Laverack, Alex Nieves, Ken Karwowski, and presenter Paul Novak. 
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Indiana Section members and guests are shown at the holiday party. 

RACINE-KENOSHA 
DECEMBER 2 
Activity: Section members and welding 
students from Gateway Technical College 
toured Metro Welding and Fabrication in 
Big Bend, Wis. Paul Novak, vice president, 
spoke about the company's full-service fab 
shop, and its design, estimating, blueprint- 
ing, and fabrication operations. The com- 
pany fabricates structural steel, steel joist, 
metal decks, metal siding, stairs, and hand 
rails. 

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

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

Shown at the Racine-Kenosha Section tour are (from left) Vice Chair Ken Karwowski, 
speaker Paul Novak, and Chair Dan Crifase. 

INDIANA 
DECEMBER 10 
Activity: The Section hosted its Christ- 

mas gathering at Turkey Run Inn at 
Turkey Run State Park. Chair Gary 
Tucker hosted the event for 21 attendees. 
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The St. Louis Section awardees are (from left) R. J. Briddell, David Beers, Kevin Ray, Robert E. Lee, Victor Shorkey, Karl Schmitz, Dan 
Andrews, and Justin Roy. 

Shown at the Saskatoon Section program are (from left) Huawei Guo, Ike Oguocha, Corey 
Kulcsar, and Srini Sethuraman. 

The Kansas City Section members are shown at the January 13 meeting. 

Shown in St. Louis, Mo., at the Ironwork- 
ers Local Union #396 are (from left) Dave 
Fredericks, CWIofthe YearAwardee Brian 
Butera, Jerry Simpson, and Jim Hunt. 

Speaker Brian Smith (left) is shown with 
Michael Williams, Kansas City Section vice 
chair. 

Jason Miles (left) receives an appreciation 
for his services as 2010 chair from Michael 
Williams. 

ST. LOUIS 
DECEMBER 3 
Activity: The Section held its annual holi- 
day party and awards banquet in St. Louis, 
Mo. Awardees included R. J. Briddell and 
David Beers, Section Meritorious; Kevin 
Ray, District Educator; Robert E. Lee, Sec- 
tion Educator; Victor Shorkey, District 
Meritorious; Karl Schmitz, District CWI 
of the Year; Dan Andrews, District Private 
Sector Educator; and Justin Roy, Section 
Private Sector Educator. Brian Butera, an 
instructor at Ironworkers Local Union 
#396, received the District CWI of the 
Year Award at an earlier presentation. 

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

SASKATOON 
DECEMBER 23 
Activity: The Section held its end-of-the- 
year meeting in Saskatoon, Saskatchewan, 
Canada. 

District 16 
David Landon, director 
(641)621-7576 
dlandon @ vermeermfg. com 
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El Paso Section attendees pose for a group shot at the November program. 

Robert E. Eee (left) receives his Silver Mem- 
ber certificate from Pep Gomez, chair, El 
Paso Section. 

KANSAS CITY 
JANUARY 13 
Speaker: Brian Smith, assistant director 
Affiliation: Safety and Health Services 
Topic: Preview of OSHA regulations 
Activity: The program was held at the 
Builders Association building in North 
Kansas City, Mo. 

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

EAST TEXAS 
DECEMBER 6 
Activity: The Section hosted its Christmas 
social at Papacita's Restaurant in 
Longview, Tex. The attendees donated 
gifts to the Toys for Tots program. 

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

CORPUS CHRISTI 
OCTOBER 21 
Speaker: Victor Matthews, an AWS past 
president 
Affiliation: The Lincoln Electric Co. (ret.) 
Topic: The importance of joining the 
American Welding Society 
Activity: The meeting was held in Corpus 
Christi, Tex. 

Shown at the Corpus Christi Section program are (from left) Javier Granados, Chris Long, 
Misty Rails, speaker Victor Matthews, James Bryant, and John Bray, District 18 director. 

Shown at the El Paso Section program are (from left) Lupe de la Cruz Jr., David Twitty, 
Chair Pep Gomez, Thomas Evans, and John Bray, District 18 director. 

EL PASO 
NOVEMBER 11 
Speaker: Jose "Pep" Gomez, chairman 
Affiliation: Dona Ana C.C., welding in- 
structor 
Topic: Discussion and demonstration of 
new orbital OTA welding machine and a 
tensile and compression tester 
Activity: Robert E. Lee received his Silver 
Member certificate for 25 years of service 
to the Society. The meeting was held at 
Dona Ana C.C. in Las Cruces, N.Mex. 

HOUSTON 
OCTOBER 20 
Speaker: Victor Matthews, an AWS past 
president 
Affiliation: The Lincoln Electric Co. (ret.) 
Topic: His patented procedure for one-side 
welding on deck plates of ships 
Activity: Barney Burks Jr. received the 

Grant Peltier (left) receives the Section Mer- 
itorious award from Vic Matthews, at the 
Houston Section program. 
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Shown at the Houston Section program are (from left) Chair John Husfield, CWI Awardee 
Barney Burks Jr., speaker Victor Matthews, and John Bray, District 18 director. 

Shown at the Lake Charles Section program are (from left) Chair Tac Edwards, speaker 
Morris Weeks, and John Bray, District 18 director. 

Alton Wolfe (left) and Ruel Riggs display 
their awards at the Sabine Section meeting. 

Sabine Section Chair John McKeehan (left) 
presents a speaker gift to Vic Matthews, an 
A WS past president. 

Gale Fisher receives the District Director's 
Award from John Bray, District 18 director, 
at the Houston Section meeting. 

Steve Sigler (left), San Antonio Section chair, 
poses with Life Member Danilo Dominguez. 

Section Dalton E. Hamilton Memorial 
CWI of the Year Award; Grant Peltier 
earned the Houston Section Meritorious 
Award; and Gale Fisher was presented the 
District 18 Director's Award. The program 
was held at Brady's Landing Restaurant in 
Houston, Tex. 

LAKE CHARLES 
NOVEMBER 17 
Speaker: Morris Weeks, owner 
Affiliation: Weeks Welding Lab 
Topic: The basics for welding procedures 
and qualification 
Activity: The program was held at Logan's 
Road House in Lake Charles, La., for 30 
attendees. 

SABINE 
OCTOBER 19 
Speaker: Victor Matthews, an AWS past 
president 
Affiliation: The Lincoln Electric Co. (ret.) 
Topic: His patented procedure for one-side 
welding on deck plates of ships 
Activity: Ruel Riggs received his Gold 
Member certificate for 50 years of mem- 
bership. Alton Wolfe received the Section 
Dalton E. Hamilton CWI of the Year 
Award. The program was held in Beau- 
mont, Tex. 
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Shown at the San Antonio Section program 
are Al Marin (right) with John Bray, District     Shown at the San Antonio Section program are (from left) Kenneth Lynn, Al Matin, speaker 
18 director. Paul Brewster, Chair Steve Sigler, and Mike Martinez. 

Olympic Section members are shown during their tour of Watts Specialities in December. 

Steve Bell (red jacket) led Olympic Section members on a tour of Jesse Engineering in January. 
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Shown during the Southern Colorado Section tour are (from left) Mike Waiters, Jim Eubanks, Paul Tremblay, Jim Corbin, Rex Harrison, 
Lee Com, Woody Cook, District 20 Director Bill Komlos, and Dave Murphy. 

Speaker Javier Campos is shown with Liisa 
Pine, San Francisco Section chair. 

SAN ANTONIO 
DECEMBER 14 
Activity: The Section held an officers' and 
spouses' dinner at La Posada Del Rey in 
San Antonio, Tex. District 18 Director 
John Bray presided. Danilo Dominguez 
received his Life Member certificate for 
35 years of service to the Society. Public- 
ity Chair Al Marin received a special 
recognition award plaque for his services 
to the Section. 

JANUARY 11 
Speaker: Paul Brewster, district sales man- 
ager 
Affiliation: Thermadyne 
Topic: Oxyfuel cutting and safety 
Activity: This San Antonio Section pro- 
gram was held at St. Joseph's Hall. 

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

SOUTHERN COLORADO 
JUNE 5 
Activity: The Section members toured The 
Springs Fabrication facilities in Colorado 
Springs, Colo. Mike Walters, QA man- 
ager, and CWI Jim Eubanks, QA super- 
visor, discussed the variety of engineered 
metal products made at the facility includ- 
ing pressure vessels and structural frames. 
Bill Komlos, District 20 director, attended 
the program. 

Steve Bell led the Olympic Section members 
on a tour of Jesse Engineering in January. 

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

OLYMPIC 
DECEMBER 14 
Activity: The Section members toured 
Watts Specialities, Inc., Puyallup, Wash., 
to study the manufacture of pipe cutting 
and beveling machines. Dave Collins, 
owner, conducted the program. 

JANUARY 18 
Activity: The Olympic Section members 
toured Jesse Engineering Co. in Tacoma, 
Wash. The facility manufactures rotary 
draw and pipe benders, custom software, 
and pipe fabrication, and tunnel boring 
machines. CWI Marvin Nitta and Steve 
Bell, project manager, conducted the pro- 
gram for 65 attendees. 

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

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

SAN FRANCISCO 
JANUARY 5 
Speaker: Javier Campos, administrator of 
training 
Affiliation: Sheet Metal Workers Local 
#104, Bay Area Training Fund 
Topic: Welding education in the sheet 
metal trade 
Activity: Thirty-one members attended 
this program, held at Spenger's Restau- 
rant in Berkeley, Calif. 
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Win Great 
Prizes in the 
2010-2011 
AWS Member- 
Get-A-Member 
Campaign* 

.*VIS(9CJ A • AWS is looking for individuals to become part of an exclusive group of AWS 
Members who get involved and win. Give back to your profession, strengthen AWS and win great 
limited-edition prizes by participating in the 2010-2011 Member-Get-A-Member Campaign. By 
recruiting new members to AWS, you're adding to the resources necessary to expand your benefits as 
an AWS Member. Year round, you'll have the opportunity to recruit new members and be eligible to wii 
special contests and prizes. Referrals are our most successful member recruitment tool. Our 
Members know first-hand how useful AWS Membership is, and with your help, AWS will continue to be 
the leading organization in the materials joining industry. 

"o recruit new Members, use the application on the reverse, or visit www.aws.org/mgm 

>RIZE CATEGORIES 
resident's Honor Roll: Recruit 
-2 new Individual Members and 
jceive an AWS Sportpack bag. 

resident's Club: Recruit 3-8 new 
idividual Members and receive an 
WS hat and an AWS Sportpack bag. 

resident's Roundtable: Recruit 
■19 new Individual Members and 
;ceive an AWS polo or denim shirt, 
at and an AWS Sportpack bag. 

resident's Guild: Recruit 20 or 
lore new Individual Members and 
jceive an AWS Messenger Bag, an 
WS polo or denim shirt, a one-year 
ee AWS Membership, the "Shelton 
itter Member Proposer Award" 
ertificate and membership in the 
/inner's Circle. 

f inner's Circle: All members who 
;cruit 20 or more new Individual 
lembers will receive annual 
jcognition in the Welding Journal 
nd will be honored at the FABTECH 
how. 

SPECIAL PRIZES 
Participants will also be eligible to win 
prizes in specialized categories. Prizes 
will be awarded at the close of the 
campaign (June 2011). 

Sponsor of the Year: The individual 
who sponsors the greatest number of 
new Individual Members during the 
campaign will receive a plaque, a trip to 
the 2011 FABTECH Show, and 
recognition at the AWS Awards 
Luncheon at the Show. 

Student Sponsor Prize: AWS 
Members who sponsor two or more 
Student Members will receive an AWS 
Sportpack bag. 

The AWS Member who sponsors the 
most Student Members will receive a 
free, one-year AWS Membership, an 
AWS polo shirt, hat and an AWS 
Sportpack bag. 

International Sponsor Prize: Any 
member residing outside the United 
States, Canada and Mexico who 
sponsors the most new Individual 
Members will receive a complimentary 
AWS Membership renewal. 

LUCK OF THE DRAW 
For every new member you sponsor 
your name is entered into a quarterly 
drawing. The more new members 
you sponsor, the greater your 
chances of winning. Prizes will be 
awarded in November 2010, as well 
as in February and June 2011. 

Prizes Include: 
* Complimentary AWS 

Membership renewal 
* AWSt-shirt 
* AWS hat 

SUPER SECTION CHALLENGE 
The AWS Section in each District 
that achieves the highest net 
percentage increase in new 
Individual Members before the June 
2011 deadline will receive special 
recognition in the Welding Journal. 

The AWS Sections with the highest 
numerical increase and greatest net 
percentage increase in new 
Individual Members will each receive 
the Neitzel Membership Award. 

The 2010-2011 MGM Campaign runs from June 1, 2010 to May 31, 2011. American Welding Society 



~k PLUS... Get a popular welding publication for only $25 ($192 value) 

AWS MEMBERSHIP APPLICATION 
4 Easy Ways to Join or Renew: 

H  Mail this form, along with your payment, to AWS 
S Call the Membership Department at (800) 443-9353, ext. 480 

■    Fax this completed form to (305) 443-5647 
B   Join or renew on our website <www.aws.org/membership> 

□ Mr. □ Ms. □ Mrs. □ Dr. Please print • Duplicate this page as needed 

Last Name     

First Name_ 

Title  

M.I. 

Birthdate 

Were you ever an AWS Member? □ YES   □ NO   If "YES," give year        and Member # 

Primary Phone ( )____  Secondary Phone ( )  ______ 

FAX( )  E-Mail  

Did you learn of the Society through an AWS Member?    □   Yes □   No 

If "yes," Member's name:_ Member's # (if known): 
From time to time, AWS sends out informationai emails about programs we offer, new Member benefits, savings opportunities and 
changes to our website. If you would prefer not to receive these emails, please check here □ 

ADDRESS NOTE: This address will be used for all Society mail. 

Company (if applicable) 

Address    

Address Con't. 

City_  State/Province 

PROFILE DATA 
_Zip/PostalCode_ Country 

NOTE: This data will be used to develop programs and services to 
serve you better. 

0 Who pays your dues?:   □ Company    □ Self-paid © Sex: □ Male   □ Female 

© Education level: □ High school diploma □ Associate's □ Bachelor's □ Master's □ Doctoral 

PAYMENT INFORMATION (Required) 
ONE-YEAR AWS INDIVIDUAL MEMBERSHIP $80 
TWO-YEAR AWS INDIVIDUAL MEMBERSHIPt .|i6c(^135 
New Member? Yes     No If yes, add one-time initiatim fee of $12 f  

International Members add $50 for optional hard copy of Welding Journal (note: digital delivery of Wf is standard)tttt $50   (Optional) 

{Individual Members add $25 for book selection (up to a J192 value)tt $25 ^ 

NOTE: a $50 shipping charge applies to members outside of the U.S. ft $50 /"-(Optional) 

(Note: Book Selection applies to new Individual Members only - Book selections on upper-right comer) J 

TOTAL PAYMENT $  
AWS STUDENT MEMBERSHIP ttt 
□ Domestic (Canada & Mexico incl.) f 15 

□ International f50 
TOTAL PAYMENT f  

NOTE: Dues include $18.70 for Welding Journal 
subscription and $4.00 for the AWS Foundation. 

Payment can be made (in U.S. dollars) by cbeck or money order (international or foreign), payable to the American Welding Society, or by charge card. 

□ Check   □ Money Order 

Q American Express Q Diners Club Q Carte Blanche Q MasterCard Q Visa Q Discover   Q Other 

L J    L 
Your Account Number 

Signature of Applicant: 

Office Use Only 

Source Code   WJ 

Expiration Date (mm/yy) 

_ Application Date:  

Check #_ Account # 
Date Amount 

AmerteanWeMng Soclely 
550 N.W. LeJeune Rd 
Miami, FL 33126 
Telephone (800) 443-9353 
FAX (305) 443-5647 
Visit our website: www.aws.org 

Member Services Revised 8/2/10 

tTVo-year Individual Membership Special Offer: applits only to new AWS Individual MerabeB. ttDiscount Publication 
Offer; applies only to new AWS Individual MerabeB, Select one of tbe six listed publications for an additional (25; NOTE: a (50 
shipping charge applies to members outside of the U.S., add S75 ((25 for book selection and S50 for international shipping); 

Multi-Year Discount: First year is (80, each additional year is 175. No limit on years (not available to Student MerabeB), 

fttStudent Member: Any individual who attends a recognized college, univeraty; technical, vocational school or high school is 

eligible. Domestic Members are those students residing in Norb .America (incl. Canada & Mexico), This membership includes the 
i/ magazine. Student Memberships do not include a discounted publication, ttttlntemational hard copy 

ption: applies only to International AWS Welder MerabeB (excludes Canada and Mexico), Digitized delivery 

of WJ is standard 

BOOK/CD-ROM SELECTION 
(Pay Only $25... up to a $192 value) 

NOTE: Only New Individual Members are eligible for this 
selection. Be sure to add $25 to your total payment. 
ONLY ONE SELECTION PLEASE. 
□ Jefferson's Welding Encyclopedia (CD-ROM only) 
□ Design & Planning Manual for Cost-Bfective Welding 
□ Welding Metallurgy 
□ Welding Handbook (9th Ed., Vol. 4) 
□ Welding Handbook (9th Ed., Vol. 3) 
□ Welding Handbook (9th Ed., Vol. 2) 
□ Welding Handbook (9th Ed., Vol. 1) 

For more book choices visit 
www.aws.org/membership 

Learn more about each publication at www.awspubs.com 

a New Member a Renewal 
A free local Section Membership is included 
with all AWS Memberships. 
Section Affiliation Preference (if known): 

Type of Business (Check ONE only) 

A Q Contract construction 
B Q Chemicals & allied products 
C Q Petroleum & coal industries 
D Q Primary metal industries 
E O Fabricated metal products 
F Q Machinery except elect, (incl. gas welding) 
G Q Electrical equip., supplies, electrodes 
H Q Transportation equip. — air, aerospace 
I Q Transportation equip. — automotive 
J Q Transportation equip. — boats, ships 
K Q Transportation equip. — railroad 
L □ Utilities 
M Q Welding distributors & retail trade 
N Q Misc. repair services (incl. welding shops) 
0 O Educational Services (univ., libraries, schools) 
P Q Engineering & architectural services (incl. 

assns.) 
Q Q Misc. business services (incl. commercial labs) 
R  Q Government (federal, state, local) 
S   □ Other 
Job Classification (Check ONE only) 

01 Q President, owner, partner, officer 
02 Q Manager, director, superintendent (or 

assistant) 
03 □ Sales 
04 Q Purchasing 
05 Q Engineer — welding 
20 Q Engineer — design 
21 Q Engineer — manufacturing 
06 Q Engineer — other 
10 □ Architect designer 
12 □ Metallurgist 
13 □ Research & development 
22 □ Quality control 
07 Q Inspector, tester 
08 Q Supervisor, foreman 
14 Q Technician 
09 Q Welder, welding or cutting operator 
II □ Consultant 
15 □ Educator 
17 □ Librarian 
16 □ Student 
18 □ Customer Service 
19 □ Other 

Technical Interests (Check all that apply) 

A Q Ferrous metals 
B Q Aluminum 
C Q Nonferrous metals except aluminum 
D Q Advanced materials/lntermetallics 
E Q Ceramics 
F Q High energy beam processes 
G Q Arc welding 
H Q Brazing and soldering 
I Q Resistance welding 
J Q Thermal spray 
K □ Cutting 
L □ NDT 
M □ Safety and health 
N Q Bending and shearing 
0 □ Roll forming 
P Q Stamping and punching 
Q Q Aerospace 
R Q Automotive 
S Q Machinery 
T Q Marine 
U O Piping and tubing 
V Q Pressure vessels and tanks 
W □ Sheet metal 
X  □ Structures 
Y □ Other 
Z   Q Automation 
1 □ Robotics 
2 Q Computerization of Welding 



New AWS Supporters 

Affiliate Companies 
American Gas Products 

24 Vine St., Everett, MA 02149 

B & B Steel Products 
614 Michigan St. 

South Houston, TX 77587 

Big River Ship Builders 
1063 Haining Rd. 

Vicksburg, MS 39183 

Levan Engineering Ltd. 
4620 Manilla Rd. SE 

Calgary, AB T2G 4B7, Canada 

The Hanna Group 
11060 White Rock Rd. # 200 
Rancho Cordova, CA 95670 

Mobile Medical International Corp. 
PO Box 672 

St. Johnsbury, VT 05819 

Singer Safety Co. 
2300 Kilbourn Ave. 
Chicago, IL 60639 

Supporting Companies 
East Bay Municipal Utility District 

1100 21st St. 
Oakland, CA 94607 

Lasercraft Technologies 
1233 Palmour Dr. 

Gainesville, GA 30507 

Educational Institutions 
Ash Fork High School 

46999 North 5th St. 
Ash Forte, AZ 86320 

AZTech Training and Consultancy 
Office No. 03-C, Ground FL, Bk. No. B02 
Dubai Knowledge Village, Dubai 89522, UAE 

Bamberg Job Corp Center 
200 S. Carlisle St., PO Box 967 

Bamberg, SC 29003 

College of Marine Technology 
Near South Overbridge, Ernakulam 

Kerala 682016, India 

Cuasmex Services 
Manuel Perez Treviiio 1604B 

Fracc. Urdinola, Saltillo 
Coahuila 25020, Mexico 

Forestburg High School 
16345 FM 455 

Forestburg, TX 76239 

Henderson Community College 
2660 S. Green St. 

Henderson, KY 42420 

Ivy Tech Community College 
590 Ivy Tech Dr. 

Madison, IN 47250 

Las Vegas Institute of Welding 
806 Buchanan Blvd. 115 - 272 

Boulder City, NV 89005 

Maricopa High School 
45012 W Honeycutt Ave. 

Maricopa, AZ 85139 

Master Weld Academy 
No. 9-2, Jalan Dato Haji 1 

Taman, Tan Yew Lai 
Kuala Lumpur 58200, Malaysia 

Olney High School 
809 W. Hamilton 
Olney, TX 76374 

Peshtigo High School 
380 Green St. 

Peshtigo, WI 54157 

South & West Washtenaw Consortium 
1300 Campus Pkwy. 

Saline, MI 48176 

Technical Education Center 
540 Dulles Ave. 

Sugarland, TX 77478 

Twin Falls High School 
1615 Filer Ave. E 

Twin Falls, ID 83301 

Sioux Falls Career & 
Technical Education Academy 

4700 W. Career Cir. 
Sioux Falls, SD 57104 

AWS Member Counts 
Feb. 1,2011 

Grades 
Sustaining   505 
Supporting   303 
Educational   558 
Affiliate   462 
Welding Distributor   45 
Total Corporate   1,873 
Individual   ...56,034 
Student + Transitional  ...10,746 
Total Members  ...66,780 

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. 

WELDING JOURNAL 



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) 
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At last there's a D1 for 
strengthening and ^f 
repairing existing 

structures     i 

Since the first D1 standard in 1928, the AWS D1 structural welding series has 
provided a consensus of the finest minds in the industry on the most reliable 
approaches to welding new structures. 

Now there is a D1 that provides the same guidance for repair, corrective 
issues, and strengthening of existing steel structures. AWS D1.7/D1.7M, Guide 
for Strengthening and Repairing Existing Structures, is invaluable to the 
engineer who is obligated under D1.1 Clause 8 to plan for projects that involve 
strengthening and repairing. 

Preview and order your AWS D1.7 by visiting www.awspubs.com, or call 
888-WELDING for information on all of AWS's structural welding codes. 

American Welding Society 
Founded in 1919 to advance the science, technoiogy 
and appiication of weiding and aiiied joining and cutting 
processes, inciuding brazing, soidering and thertnai spraying. 

■n 

^      ^ 

Guide for 
Strvngttoning 
and Rapairing 
Existing Structures 

f^ji 

Free preview at www.awspubs.com 
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NEW 
LITERATURE 

Pipe Inspection Camera 
Pictured in Brochure 

A two-page, full-color brochure de- 
scribes the company's new hand-held 
INVU pipe camera system for high-reso- 
lution inspection of heat exchanger tubes, 
HVAC, septic lines and tanks, boiler tubes, 
steam lines, conduit, and process lines. De- 
scribed are its l-in.-diameter camera head 
with a 25-ft spring cable and fiberglass rod. 
Shown are typical camera views of the in- 
terior of a pipe, an exhaust vent, and a con- 
fined space. The component parts are pic- 
tured, including the INVU camera, don- 
gle, power supply, and carrying bag. 

Advanced Inspection Technologies, Inc. 
www.aitproducts.com 
(321) 610-8977 

Software for Aiuminum 
Framing, Workstations, 
and Conveyor Parts 

The free MTpro 3.0 design software, 
provided on a DVD, offers a searchable 
collection of the company's aluminum 
framing, lean workstations, and conveyor 
parts. It is useful for quickly finding de- 
tailed conveyor information, generating 
quotes for aluminum framing machine 
guarding applications, and generating 3D 
drawings of configurable lean worksta- 
tions. This CAD-platform independent 
tool has an interface to permit customiz- 
ing the work environment. The software 
requires a PC with Windows® operating 
system and 2.5 GB of hard disk space for 
full install. Visit the Web site for complete 
description of the features and form for 
ordering the DVD. 

Bosch Rexroth 
www.boschrexroth-us.com/mtpro 
(800) 438-5983 

OSHA Industry Regulations 
Book Updated 

The 29 CFR 1910, OSHA General In- 
dustry Regulations, January 2011 edition, 
includes every OSHA regulation and form 
needed for compliance. Presented are the 
1903 regulations about inspections, cita- 
tions, and proposed penalties; the 1904 
regulations concerning recording and re- 
porting occupational injuries and illnesses; 
the 1928 regulations for agriculture; and 
the 1910 regulations that apply to all gen- 
eral industry operations. Also provided 
are the Sharps Injury Log, an improved 

i 
BT1B 

DO YOUR OWN TESTING 

Bend Testers - Bend Specimen Cutting 
Fixtures - Coupons -Tensile Testers n 

Visit our website 
for all sizes and 
models available 

V»V 
FischeR ENqiNEEitiNq COMPANY 

www.fischerengr.com* (937)754-1750 

3 
For info go to www.aws.org/ad-index 

version of the OSHA 300 Log, incident re- 
port forms, and selected OSHA letters of 
interpretation, as well as a listing of OSHA 
locations and phone numbers. The 748- 
page book includes 121 illustrations, 255 
tables, and 41 forms. It features Reg- 
Logic® and Ouick-Find Index™ to read- 
ily locate the desired information, and a 
colorful cover to distinguish it from previ- 
ous and future editions. The soft-bound, 
8/4- by 11-in. book can be ordered from the 
Web site for $52.95. 

MANCOMM® 
www.mancomm.com 
(800) 626-2666, ext. 3247 

Book Offers New Slant on 
Workplace Safety 

Safe By Accident? Take the Luck out of 
Safety — Leadership Practices that Build a 
Sustainable Safety Culture authors Judy 
Agnew and Aubrey Daniels reveal how be- 
havioral science can help safety profes- 
sionals and leaders foster a company-wide 
culture of safety — from the boardroom 
to supervisors to the employees on the 
front lines. Starting with the seven com- 
mon safety leadership practices that don't 
work (and what to do instead) to broader 
and more strategic recommendations that 
leaders can incorporate to create a high- 
performance safety culture, this book is 
intended for leaders who want to improve 
safety in their organization. The book, 
based on decades of research and work 
with many of the world's leading corpora- 
tions, describes a method to "sensitize" 
employees to observe deviations in their 

— continued on page 110 
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- continued from page 108 

own behavior and that of other employ- 
ees to motivate them to engage in safer 
behaviors. Recommendations are made 
for effective safety signage and how to 
conduct postmortems on projects and 
procedures to pinpoint tasks, roles, and 
responsibilities to enhance safety. Mov- 
ing beyond finger pointing, the text deliv- 
ers leaders a clear call to action in a data- 
based, practical approach to ensuring 

their workplaces are safe by design. The 
retail price is $21.95. 

Aubrey Daniels International 
http://info.aubreydaniels.com/safe-by-accident/ 
(678) 904-6140 

Design a Complete 
Welding System Online 

The Equip to Weld™ online tool is de- 
signed to build a complete customized in- 
dustrial welding system from the ground 
up in seven steps. Users are walked 
through a step-by-step process that helps 
them select their preferred power source, 
wire feeder, welding gun, drive rolls, con- 
tact tips, regulator, gas hoses, primary and 
secondary cables, and terminations. The 
"smart" system narrows down component 
and accessory options after each step to 
ensure that only the components best 
suited for each application and power de- 
mand are provided as options for the next 
step. The system updates the list price 
after each step then allows the user to save 
the system to a PDF or send an e-mail re- 
questing a quote from a local distributor. 

Miller Electric Mfg. Co. 
www.millerwelds.com/products/equiptoweld/ 
(800) 426-4553 

CAN WE TALK? 
The Welding Journal staff encour- 

ages an exchange of ideas with you, our 
readers. If you'd like to ask a question, 
share an idea or voice an opinion, you 
can call, write, e-mail or fax. Staff e-mail 
addresses are listed below, along with a 
guide to help you interact with the right 
person. 

Publisher 
Andrew Cullison 
cullison@aws.org, Extension 249 
Article Submissions 

Editor 
Mary Ruth Johnsen 
mjohnsen@aws.org, Extension 238 
Feature Articles 

Associate Editor 
Kristin Campbell 
kcampbell@aws.org. Extension 257 
New Products 
News of the Industry 

Advertising Sales Director 
Rob Saltzstein 
salty@aws.org. Extension 243 
Advertising Sales 
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E AWS WELDKR 

LY FOR WELDERS 
6 keep pace mtfi tlie 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 weli 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 



PERSONNEL 

Member Milestone 
Kevin Coiiigan 

Kevin Coiiigan, an AWS member since 2001 affiliated with the Greater Huntsville 
Section, has been awarded The Welding Institute's Larke-Lillicrap Award for his work 
on the Navy Metalworking Center (NMC) project involving low-cost friction stir weld- 
ing (FSW). The award is given annually to the individual or team who has had the most 
influence or impact on the practical application of novel welding or joining knowledge 
or technology. The award focuses on the impact of welding and joining in real-world 
engineering. Dan Winterscheidt, NMC program director, said, "This kind of interna- 
tional recognition is a significant endorsement of Kevin's contributions and of our ef- 
forts at NMC." Coiiigan is an advisor engineer at Concurrent Technologies Corp. and 
a leader in the company's FSW efforts, including an NMC project involving a low-cost 
FSW system designed for use in the construction of Littoral Combat Ships. Working 
with the Integrated Project Team, NMC designed, built, and demonstrated a low-cost, 
transportable FSW system that will be transitioned to production use at the shipyard. 

Thermadyne Names 
Nationai Accounts Manager 

Thermadyne® Industries, Inc., St. 
Louis, Mo., has appointed Matthew Prof- 
fit national accounts manager. Proffit, 
with more than 12 years of national and in- 
ternational experience in the field, previ- 
ously worked for Ingersoll Rand Co. 
where he served as national sales manager 
in the assembly division. 

Director Appointed at Steel 
Market Development 

The Steel Market 
Development Insti- 
tute, Detroit, Mich., 
has appointed Terry 
Cullum director of 
the Auto/Steel Part- 
nership, succeeding 
Roger Heimbuch who 
retired December 31. 
Before joining the 
company, Cullum 
was director of corpo- 

rate responsibility, environment, and en- 
ergy for General Motors Corp. 

Terry Cullum 

Manufacturing Leadership 
Council Adds Members 

Manufacturing Enterprise Communi- 
cations, New York, N.Y., an information 
resource for manufacturing executives, 
has appointed two manufacturing leader- 
ship board members to the Manufacturing 
Leadership Council. Named were Vikram 
Sinha and Angel L. Mendez. Sinha is vice 

president, head of manufacturing opera- 
tions, Passenger Car Business Unit, Tata 
Motors, India. Mendez is senior vice pres- 
ident, customer value chain management, 
Cisco, USA. Other members serving on 
the Leadership Board include Andy 
Chatha, Paul Christodoulou, Adriana 
Karaboutis, Larry Lapide, Jay Lee, Pier- 
francesco Manenti, George Nickel, Kevin 
O'Marah, Michael Packer, Scott Park, 
Vince Serpico, and Mark Wilson. 

Big Cat Energy Bolsters 
Board of Directors 

Big Cat Energy Corp., Gillette, Wyo., a 
supplier of aquifer recharge injection sys- 
tems, has added Mark Hettinger to its 
board of directors as an independent di- 
rector. Hettinger is chairman of High 
Plains Gas, Inc., Gillette, Wyo., and 
founder of Hettinger Welding, where he 
stepped down as CEO in 2008. 

Noble Gas Promotes Two 

Eli Battistoni Ryan Scanlon 

Noble Gas Solutions (formerly 
AWESCO), Albany, N.Y., has promoted 
Eli Battistoni and Ryan Scanlon to terri- 

tory sales managers. Battistoni, who pre- 
viously served as a customer service rep- 
resentative, will manage industrial sales in 
the capital region. Scanlon, previously a 
customer development representative, 
will serve the Kingston/lower Hudson Val- 
ley region. 

SME Officers Elected 

^^^ The Society of 
^■HBL Manufacturing Engi- 

M " ■ neers (SME), Dear- 
I m    born,    Mich.,    has 
"    . '     elected     Paul     D. 

Bradley president for 
2011.  Bradley  is  a 
professional     engi- 

^      neer and managing 
-^H i^^ director of Peterson 

Paul Bradley Industries based in 
Adelaide, South Aus- 

tralia. LaRoux K. Gillespie, a quality as- 
surance manger retired from Honeywell's 
Federal Manufacturing & Technologies 
division, was named president-elect. Den- 
nis S. Bray, owner of Bray Innovation 
Group LLC, was elected vice president. 
Michael F. Molnar, from Cummins, Inc., 
was appointed secretary and treasurer. 

Weld Tooling Fills Three 
Key Positions 

Weld Tooling 
Corp., Canonsburg, 
Pa., has named Dave 
Bloom North Ameri- 
can sales manager. 
He has 25 years of ex- 
perience in the steel- 
fabrication industry 
and familiarity with 
the company's Bug- 
O Systems products 
and      applications. 

Mark Binder has been promoted to direc- 
tor of sales, and Mark Kisasonak has been 
promoted to head of engineering. 

PMA Elects Leaders 
The Precision Metalforming Assn. 

(PMA), Cleveland, Ohio, has elected Au- 
gusto Gil to the position of metal spinning 
division vice chair, and Benjamin 
Barnett to next-generation leaders divi- 
sion vice chair. Gil, general manager for 
Hialeah Metal Spinning, Hialeah, Fla., 
will work alongside the division 
chair/director John McGeever, president 

Dave Bloom 
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Augusto Gil Benjamin Bamett 

John McGeever Rick Bachman 

of Charles Schillinger Co., Bensalem, Pa. 
Gil will serve one year as vice chair then 
will become chair/director for the 
2012-2013 term. Barnett is vice president 
of Principal Manufacturing Corp., Broad- 
view, 111. He joins Chair/Director Rick 
Bachman, vice president of logistics for 
Feintool North America, Cincinnati, 
Ohio, with heading the next-generation 
leaders division. 

Nordfab Taps a Division 
Manager 

a 
Robin Bolick 

Nordfab Ducting, 
based in Thomasville, 
N.C., and Sparks, 
Nev., has promoted 
Robin Bolick to U.S. 
division manager. 
Previously, Bolick 
served as outside re- 
gional manager for 
the central region. 

Woridwide Superabrasives 
Announces Staff Changes 

Worldwide Superabrasives, LLC, Boyn- 
ton Beach, Fla., has 
announced that Dan 
Herzog,   previously 
midwest      regional 

i     ^    ~-        m sales manager, will 
^\l serve  as  sales  and 

i business     develop- 
ment manager. The 
change will allow him 
to assist in serving a 

Dan Herzog        much broader list of 

customers worldwide and take an active 
role in business development activities. 

ASQ Names 15 Feiiows 

ASQ, Milwaukee, Wis., has awarded 
its Fellow status to 15 members for "hav- 
ing achieved professional distinction and 
preeminence in the technology, theory, 
education, application or management of 
quality control." Named were David E. 
Brown, SSP Fittings Corp., Twinsburg, 
Ohio; M. M. "Mickey" Christensen, 
TQM Systems, Baton Rouge, La.; Gor- 
don Clark, Clark Solutions, Inc., Wor- 
thington, Ohio; Olga Delvecchio, Hamil- 
ton, Ont., Canada; Stephen Kearny 
Hacker, Transformation Systems Interna- 
tional, LLC, Portland, Ore.; Deborah L. 
Hopen, Deborah Hopen Associates, Inc., 
Federal Way, Wash.; Eugene D. Kirsch, 
Booz Allen Hamilton, Rockville, Md.; 
Lou Ann Lathrop, Computer Engineer- 
ing Services at Chrysler Group LLC, 
Auburn Hills, Mich.; Johannes Ledolter, 
University of Iowa, Iowa City, Iowa; Jea- 
nenne "Jd" Marhevko, SPX Test & Meas- 
urement, Canton, Mich.; Robert E. 
Meyer, UNIVAC, division of Sperry 
Rand, St. Paul, Minn.; Todd Minnick, Lu- 
minex Corp., Austin, Tex.; Robert J. Scan- 
Ion, Transportation Security Administra- 
tion, Arlington, Va.; Robert K. Smith, 
Bechtel BWXT Idaho, LLC, Idaho Falls, 
Idaho; and Teresa A. Whitacre, Mar- 
ketech Systems, Latrobe, Pa. 

Appiied Robotics Changes 
Executive Staff 

Applied Robotics, Inc., Glenville, 
N.Y., has announced that Thomas Petro- 
nis has retired as CEO and president, ef- 
fective Dec. 31, 2010. Effective Jan. 1, 
Michael F. Quinn, P.E., succeeded him as 
CEO and president. Petronis joined the 
company in 1983 following 18 years with 
GE's Automation Development opera- 
tion. Quinn joins the company after 45 
years of senior management and technical 
experience in the U.S. Naval Nuclear Pro- 
gram at Knolls Atomic Power Laboratory. 

Tom Petronis Michael Quinn 

NEWS OF THE 
INDUSTRY 

— continued from page 11 

Adept Technology, Inc., Pleasanton, 
Calif., received more than $600,000 in 
bookings from Golden Spring Internet 
of Things, Inc., Beijing, China, for its 
Python linear modules robots. 
Airgas, Inc., Radnor, Pa., completed ac- 
quiring Conley Gas, Ltd., La Porte, Tex., 
and signed an agreement with The Line 
Group, Irvine, Calif., for industrial 
gases/welding consumables. 
Solar Manufacturing, Souderton, Pa., 
recently shipped a vacuum furnace for 
heat-treating research and the develop- 
ment of superalloys to be used by an air- 
craft engine manufacturer. 
The Fisher-Barton Group Inc., Wauke- 
sha, Wis., purchased Lineage Alloys, 
LLC, a thermal spray powder manufac- 
turer near Houston, Tex., expanding its 
coatings product lines. 
Worldwide Superabrasives, LLC, relo- 
cated its U.S. manufacturing facility to 
an 11,000-sq-ft building in Boynton 
Beach, Fla., and launched a German 
Web site at www.worldwidesa.de. 
JM Eagle, a pipe manufacturer, wel- 
comed Rep. Mike Kelly to its Meadville, 
Pa., plant where he toured the facility 
and praised the company for fostering 
private sector job creation. 
An affiliate of CI Capital Partners, a 
New York-based private investment 
firm, acquired a controlling interest in 
Tech Air, Danbury, Conn., a distributor 
of industrial and specialty gases. 
Hobart Brothers, Troy, Ohio, received 
the European Conformity mark for four 
of its tubular welding wires — Tri- 
Mark® Metalloy® Vantage™, Hobart® 
FabCO® RXR, Hobart Excel Arc™ 71, 
and Tri-Mark TM-881K2. 
DEWALT, Towson, Md., has an agree- 
ment with Richard Petty Motorsports to 
sponsor Marcos Ambrose, driver of the 
No. 9 Ford Fusion, for the 2011/2012 
NASCAR season. 
Jet Edge, Inc., recently opened its new 
waterjet sales, service, and showroom of- 
fice in Shanghai, China. 
Mueller Industries, Inc., Memphis, 
Tenn., acquired various operating assets 
of Tube Forming, L.P., a subsidiary of 
Wolverine Tube, Inc., for approximately 
$6.9 million. 
TRUMPF Inc., Farmington, Conn., se- 
lected Sterling Fabrication Technology 
to represent its sheet metal fabricating 
equipment in Louisiana and Texas. ♦ 

WELDING JOURNAL 



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! 

^G**^ 

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 



POSTER ABSTRACT SUBMITTAL 
Annual FABTECH International & AWS Welding Show 

Chicago, IL - November 13-16,2011 

Submission Deadline: April 22, 2011 
(Complete a separate submittal for each poster.) 

Primary Author (Full Name): 

School/Company: 

Mailing Address: 

City:                                           State/Province: Zip/Mail Code: Country: 

Email: 

Poster Title (max. 50 characters): 
\ Poster Subtitle (max. 50 characters): 1 

Co-Author(s): 

Name (Full Name): Name (Full Name): 
Affiliation: Affiliation: 

Address: Address: 

City: City: 
State/Province: State/Province: 
Zip/Mail Code: Zip/Mail Code: 

Country:                         Email: Country:                              Emai 1: 

[ Poster Requirements and Selection Criteria: 
Only those abstracts submitted on this form will be considered. Follow the guidelines and word limits indicated. 
Complete this form using MSWord . Submit electronicallv via email to mventura(a)aws.orq or print and mail. 

■    Any technical topic relevant to the welding industry is acceptable (e.g . welding processes & controls, welding procedures, welding design. 
structural integrity related to welding, weld inspection, welding metall urgy, etc.). 

■     Submittals that are incomplete and that do not satisfy these basic gu delines will not be considered for competition. 

Posters accepted for competition will be judged based on technical center t, clarity of communication, novelty/relevance of the subject & ideas 

conveyed and overall aesthetic impression. 
Criteria by category as follows: 

(A) Student (B) Student (C) Student (D) Professional 
■ Students enrolled in 2 yr. college For students enrolled in ■  For students enrolled in graduate ■ For anyone working in the welding 

and/or certificate programs at time baccalaureate engineering or degree programs in engineering or industry or related field. 
of submittal. engineering technology programs engineering technology at time of ■ Poster must demonstrate technical 

■ Presentation need not represent at the time of submittal. submittal. or scientific concepts. Emphasis is 
actual experimental work. Rather, Poster should represent the ■  Poster should represent the placed on original contributions 
emphasis is placed on student's own experimental work. student's own experimental work. and the novelty of the presentation. 
demonstrating a clear Emphasis is place on Poster must demonstrate technical ■ Potential relevance to the welding 
understanding of technical demonstrating a clear or scientific concepts. Emphasis is industry is important and should be 
concepts and subject matter. understanding of technical placed on originality and novelty of demonstrated. 

■ Practical application is important concepts and subject matter. ideas presented. (E) Hiqh School 
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. 



Check the category that applies: 

D (A) Student 2-yr. or D (B) Student 4-yr. 0(0) Graduate D (D) Professional D (E) High School 
Certificate Program Undergraduate Student 

Poster Title (max. 50 characters): 
Poster Subtitle (max. 50 characters): 
Abstract: 
Introduction (100 words) - Describe the subject of the poster, problem/issue being addressed and it's practical implications for the welding 
industry. 

Technical Approach & Results (200 words) - Explain the technical approach. Summarize the work that was done as it relates to the subject of 
the poster. 

Conclusions (100 words) - Summarize the conclusions and how they could be used in a welding application. 

Return this form, completed on both sides, via email to mventura(5)aws.orq 
MUST BE RECEIVED NO LA TER THAN April 22, 2011 



D FAILURES 

r June 14-15, 2011 - New Orleans, LA 
"How come that weld failed? What are you going to do to prevent 
it from happening again?" Not as easy as it sounds. For help on 
preventing weld failures, come to this AWS conference. There will 
be presentations on two of the most critical problems—post-weld 
heat treatment and dissimilar metal welding-plus a useful mix of the 
valuable existing technologies and some of the new technologies 
coming on the scene. Topics like six sigma, lean manufacturing, 
several of the new NDT inspection methods, and some new 
software approaches will all be discussed. 

www.aws.org/conferences 
(800) 443-9353 ext 264 

American Welding Society 



CLASSIFIEDS 

CAREER OPPORTUNITIES 

*p LETOURNEAU 
UNIVERSITY 

Graduate Student Jobs in 
Materials Joining Engineering 

Newly established graduate program seeks 
qualified candidates for Master of Science 
in Engineering residential positions at the 
Longview, Tex. campus. The Materials 
Joining Engineering program (formerly 
Welding Engineering, since 1954) at 
LeTourneau University (LETU) is based in 
a recently renovated state-of-the-art 10,000 
sq. ft. laboratory on our campus located in 
East Texas, the only stand-alone facility of 
its kind in the U.S. Major equipment 
includes a Gleeble 1500 thermomechani- 
cal simulator, metallography lab with optic 
and electron microscopy, friction stir welder, 
laser welding systems, welding robot, etc. 
LETU is prominently featured in the Feb. 
issue of the Welding Journal, p. 116. 
Research Associate positions include a 
yearly stipend for a 50% work load and full 
tuition waivers. Projects vary from 
microstructure/property relationship stud- 
ies on Friction Stir Welding of high-strength 
steels to joining technologies in advanced 
electronic materials. A Bachelor of Science 
in Engineering from an accredited univer- 
sity is required, while research or industrial 
experience in materials science, metallurgy, 
process control and simulation or NDE will 
be a plus. 

Details on the MS program and application 
procedure may be found at 
http://adults.letu.edu/ms-engineering.asp 
or contact Prof. Adonyi at either 
yoniadonyi@letu.edu or 903-233-3918. 

Place Your 
Classified Ad 

Here! 
Contact Frank Wilson, 

Senior Advertising 
Production Manager 

(800) 443-9353, 
ext. 465 

fwilson@aws.org 

MOHTHROf CHUMMAM 

Current Openings for 
ENTRY LEVEL & EXPERIENCED WELDERS 

Northrop Grumman Shipbuilding-Newport News has designed, built, overhauled and repaired 
a wide variety of ships for the U.S. Navy and commercial customers. Today, Newport News is 
the nation's sole designer, builder and refueler of nuclear-powered aircraft carriers and one 
of only two companies capable of designing and building nuclear-powered submarines. The 
sector also provides after-market services for a wide array of naval and commercial vessels. 

Basic Qualifications: 
• Must be able to be respirator qualified. 
• Must be able to work assigned shift as production needs dictate. 

Preferred Qualifications: 
• High school graduate or equivalent preferred. 
• Experienced welders will have a minimum of 3 years welding experience. Experience in 

an industrial environment using a variety of welding techniques including SMAW (stick), 
FLAW (flux core arc welding), GMAW (gas metal arc welding) is preferred. Candidate 
must be able to pass a structural assessment administered on site. 

• This is a construction environment involving heights, confined spaces and various weather 
conditions within a shipyard environment. 

TQ APPLY: go online at http://careers.northropgrumman.com/ and apply under 
SHIPBUILDING HQURLY. The job title will be XI8 WELDER/STRUCTURAL in Newport 
News, VA. 

The company does offer competitive pay (based on experience) and benefits which includes 
medical, 401k, tuition reimbursement, and much more. Northrop Grumman is an Equal 
Qpportunity Employer committed to hiring and retaining a diverse workforce. 

EQE/M/V/H 
U.S. Citizenship Required 

SERVICES 

i 

Construction Technical Services, Inc. 
Providing AWS Certified Welding 
Fabricator and Accredited Welder 
Testing Facilty training/Consulting - AWS 
B5.17, AWSQC4, QC7 

• In-house welding program audits and 
program recommendations at your 
facility 

• Subsea welding consulting for overlay. 
Flow lines. Risers, Phased Array-AUT 

CWI Inspections * Certification Training 
* Auditing * Weld Procedures, NDT 

* Quality Systems 

Call Today: (281) 578-6810 or (504) 931 -9567 

Steven T Snyder, 
SCWI/CWE/CQA/ASNT III, CSWIP-AUT-PA 

Ctsi7@swbell.net 
www.ctsisite.com 

Purge with confidence 

Oxygen Analyzers 
for Pipe Welding 

www.OrbitalWelding.com 

(408) 773-0231 

MARCH 2011 



EQUIPMENT FOR SALE OR RENT CERTIFICATION 
& TRAINING 

RedDArc 
welderentals. 

When you're ready to weld. 

Rentals, Lease and Sales 
Welders, Weld Positioning Equipment, 
Welding-Related Specialty Equipment, 
Diesel-Powered Electric Generators 

18667333272 reddarc.com 

The world's very 
best portable end 

prep tools and 
abrasive saws 

800-343-6926 +   " i® 
www.escotool.com    GSCOXOOI 

MITROWSKI RENTS 
Made in U.S.A. 

Welding Positioners 
1-Ton thru 60-Ton 

Used Equipment for Sale 

www.mitrowskiwelding.com 
sales@mitrowskiwelding.com 

(800)218-9620 
(713)943-8032 

JOE FULLER LLC 
We manufacture tank turning rolls 

3-ton through 120-ton rolls 
www.joefuller.com 

email: joe@joefuller.com 
Phone: (979)277-8343 
Fax: (281)290-6184 

Our products are made in the USA 

VERSA-TIG™ 
MULTIPLE TIG TORCH 

SELECTORS 

www.versa-tig.com 

pendfpot com 
Paint markers for professionals 

ArroMark. Artline 

Dixon, Dykem 

Markal. Posai 

Sakura, Sharpie 
SKM, UniPaint. 

The worlds best 
selection of markers! 

■.S  ^i  i.S4S 

AISC 
Training 

& 

Assistance 

Atema 
312-861-3000 | info@atema.com 

www.atema.com 

2011 
CW! PREPARATORY 

Guarantee - Pass or Repeat FREE! 

80+ HOUR COURSE 
MORE HANDS-ON/PRACTICAL APPLICATIONS 

Pascagoula, MS June 6-17 & Aug. 1-12 
Houma, LA June 20-July 1 & Oct. 17-28 

Houston, TX May 9-20 & Aug. 15-26 
Baton Rouge, LA Apr. 4-15 

Chattanooga, TN Apr. 25-May 6 

56-f- HOUR COURSE 
EXTRA INSTRUCTION TO GET A HEAD START 

Pascagoula, MS June 9-17 & Aug. 4-12 
Houma, LA June 23-July 1 & Oct. 20-28 

Houston, TX May 12-20 & Aug. 18-26 
Baton Rouge, LA Apr. 7-15 

Chattanooga, TN Apr. 28-May 6 

40 HOUR COURSE 
GET READY - FAST PACED COURSE! 

Pascagoula, MS June 13-17 & Aug. 8-12 
Houma, LA June 27^July 1 & Oct. 24-28 
Houston, TX May 16-20 & Aug. 22-26 

Baton Rouge, LA Apr. 11-15 
Chattanooga, TN May 2-6 

Test follows on Saturday at same facility & 
includes additional self study for weekend 

FOR DETAILS CALL OR E-MAIL: 
(800) 489-2890 

info@realeducational.com 
Also offering CWS, SCWI, API 510, API 570, 
RTFilm Interpretation, MT/PTAJT Thickness, 

and Welding Procedure Fundamentals! 
CWIs - Get your renewal hours with these!! 

The world's first and nnly cnnipletely 

nnline NDT & CW! training program! 

NOT Training tn mEBt glnbal standards 

including SNT-TC-IA, ISD 9712, etc. 

Visit www.WDrldspGC.arg today and save 

$IDD instantly by Entering the discount 

cade: aws59c2 
Call toll frEE:l-877-5DG-7773 

WELDING JOURNAL 



ADVERTISER 
INDEX 

AeroDef Mfg. Exposition & Conference/By SME 15 
www.aerodefevent.com    (800) 733-4763 

Aimtek 65 
www.aimtek.com (800) 772-0104 

Arcos Industries, LLC    IBC 
www.arcos.us    (800) 233-8460 

Astro Arc Polysoude 21 
www.astroarc.com   (661) 702-0141 

Atlas Welding Accessories, Inc 34 
www.atlaswelding.com (800) 962-9353 

AWS Certification Services    26,27,81 
www.aws.org (800) 443-9353 

AWS Education Services    68,109,117 
www.aws.org (800) 443-9353 

AWS Member Services 10,20,79,110, 111, 114 
www.aws.org (800) 443-9353 

AWS National Robotic Arc Welding Conf. & Exhibition 35 
http://sectlons.aws.org/milwaukee (800) 443-9353 

AWS Publications 78 
www.aws.org (800) 443-9353 

AWS Technical Services   71-74,105 
www.aws.org (800) 443-9353 

Beijing Essen Welding & Cutting Fair 46 
www.beijing-essen-welding.com + 86-10-63972404 

Bellman-Melcor, LLC  66 
www.bellmanmelcor.com/www.channelfiux.com . .(800) 367-6024 

Bohler Welding Group 75 
www.bohlerweldinggroup.com   (800) 527-0791 

Centorr Vacuum Industries 69 
www.centorr.com/am (800) 962-8631 

Champion Welding Alloys 28 
www.ChampionWelding.com    (800) 321-9353 

Commercial Diving Academy 29 
www.commercialdivingacademy.com (888) 974-2232 

Cor-Met 38 
www.cor-met.com (810) 227-3251 

Devasco International, Inc 39 
www.devasco.com (888) 338-2726 

Diamond Ground Products, Inc 9 
www.diamondground.com (805) 498-3837 

Divers Academy International   53 
www.diversacademy.com (800) 238-3483 

ESAB Welding and Cutting Products 1 
www.esabna.com    (800) 372-2123 

FABTECH 2011    63 
www.fabtechexpo.com (305) 443-9353, ext. 297 

Fischer Engineering Co 108 
www.fischerengr.com (937) 754-1750 

Fischer Technology, Inc. U.S.A 76 
www.Fischer-Technology.com (800) 243-8417 

Fronius Perfect Welding    7 
www.fronius-usa.com (810) 220-4414 

Fusion Inc 67 
www.fusion-inc.com (800) 626-9501 

Gullco International, Inc. - U.S.A 77 
www.gullco.com   (440) 439-8333 

Hascor International Group 2 
www.hascor.com (210) 225-6100 

Hobart Inst. of Welding Tech 78 
www.welding.org (800) 332-9448 

Image of Welding Awards (WEMCO) 54s 
www.aws.org/wemco/ (800) 443-9353 

Lincoln Electric Co OBC 
www.lincolnelectric.com   (216) 481-8100 

LucasMilhaupt 64 
www.lucasmilhaupt.com (414) 769-6000 

Metglas   66 
www.metglas.com (800) 581-7654 

Midalloy    27 
www.midalloy.com (800) 776-3300 

Monster Tool Co 25 
www.monstertool.com (888) 227-2433 

National Bronze & Metals, Inc 22 
www.nbmmetals.com (713) 869-9600 

North By Honeywell 19 
www.fibre-metal.com (888) 422-3798 

Olympus NDT 23 
www.olympus-ims.com    (978) 670-7460 

Oxford Alloys, Inc 5 
www.oxfordalloys.com (225) 273-4800 

Perfect Arcs 34 
www.PerfectArcs.com (706) 272-0133 ext. 103 

Saint-Gobain Coating Solutions 67 
www.coatingsolutions.saint-gobain.com (800) 243-0028 

Select Arc, Inc IFC 
www.select-arc.com   (937) 295-5215 

Special Metals Welding Products, Co 11 
www.specialmetalswelding.com (800) 624-3411 

Thermal Dynamics/Thermadyne Industries 13 
www.thermal-dynamics.com (866) 279-2628 

Triangle Engineering, Inc 76 
www.trieng.com   (781) 878-1500 

Weld Hugger, LLC   38 
www.weldhugger.com (877) 935-3447 

WELD INDIA 2011    85 
www.iiw2011.com + 91-33-22813208 

Welding City.com   77 
www.weldingcity.com (404) 543-2662 

BRAZING SECTION  .PAGES 54-69 

IFC = Inside Front Cover 
IBC = Inside Back Cover 
OBC = Outside Back Cover 

Visit Our Interactive Ad Index: www.aws.org/ad-index 

a MARCH 2011 



SUPPLEMENT TO THE WELDING JOURNAL, MARCH 2011 (WR C 
Sponsored by the American Welding Society and the Welding Research Council   ^—Ji-^ 

Process Simulation in the AC Welding Arc 
Circuit Using a Cassie-Mayr Hybrid Model 

Simulated process characteristics were compared with those found 
experimentally to validate the hybrid model 

BY A. SAWICKI, L. SWITON, AND R. SOSINSKI 

Thist 

ABSTRACT 

This paper presents the results of 
experimental studies of an AC welding 
arc. Using the genetic algorithm, the 
schedule parameters of a Cassie-Mayr 
hybrid model were calculated over a 
wide range of welding transformer set- 
tings. A hybrid arc macromodel was 
created in the Matlab-Simulink pro- 
gram. Simulation of processes was 
done in the arc circuit. Obtained arc 
characteristic families were compared 
with those found experimentally, con- 
firming the usefulness of the hybrid 
model to simulate processes in the 
welding arc circuit. 

Introduction 

The electrical properties study of an al- 
ternating current (AC) welding arc is a re- 
sult of the growing need to improve the 
design and to optimize the parameters of 
mass-produced and operated welding 
transformers. It is also important for the 
better understanding of harmful effects of 
transformers, which are loaded to elec- 
tricity grids and other power consumers. 
Among the many simplified mathematical 
models of the electric arc, the most com- 
mon are the Mayr and Cassie models. In 
the case of low-current welding, the pre- 
ferred is the Mayr model, and in cases of 
large current, a Cassie model. Since those 
models are very approximate, despite the 
theoretical criteria development (Ref. 1), 
determining the exact limit split of those 
choices is very difficult and gives ambigu- 
ous results. Additionally, a significant sim- 

A. SAWICKI, L. SWITON, andR.SOSINSKIare 
with Technical University of Czestochowa, De- 
partment of Electrical Engineering, Institute of 
Electrical Power Engineering, Czestochowa, 
Poland. 

plification of the nonlinear dynamic char- 
acteristics of voltage-current-carrying ca- 
pacity is equivalent to omitting important 
physical effects in the arc, where the im- 
pact on technological processes and the 
electrical network can be very strong, es- 
pecially in the case of resonance effects. 

In contrast to switching (fading) arcs, 
the welding arc belongs to a class of elec- 
tric stabilized arcs. However, it is usually 
strongly disturbed by the impact of exter- 
nal magnetic fields, gas flows, and rapidly 
preceded chemical reactions, which cause 
metal and slag splashes, and finally, drip 
passage of expendable electrode materials 
to the weld. 

External factors (those easy and diffi- 
cult to identify) affect the arc stability and 
the repeatability of experimental results. 
In comparison with an arc between 
graphite electrodes, an arc between a 
coated electrode and steel is much more 
excited and strongly disturbed (Ref. 2). 
The accompanying effects of metal oxida- 
tion and the drip passage of the molten 
metal to the weld disturb the experimental 
tests and theoretical analysis. 

Experimental Test of Welding Arc 

Analyzed were the welding arc that 
melted an ES18-8-2 electrode and the 
pool formed from the previously remelted 
metal on a graphite substrate. The power 
system was a welding transformer-type 
STB250. Nominal parameters of the trans- 

KEYWORDS 

Welding Arc 
Cassie-Mayr Hybrid Model 
Genetic Algorithm 
AC Current 
Welding Transformers 

former are as follows: supply voltage 400 
V, 50-Hz network frequency, and a maxi- 
mum welding current of 250 A. The man- 
ufacturer of the device was Bester by The 
Lincoln Electric Co. 

Registration was done by a computer 
equipped with a measurement card and 
measuring transducers with opto-isolation. 
Previously, the welding transformer pa- 
rameters were set on the basis of the short- 
circuit tests and the idle state with the 
different welding current settings. They in- 
cluded only those parameters that were 
necessary to map the simplified welding 
transformer schema, provided for in the 
Matlab-Simulink program. The experi- 
mental procedure was similar to that re- 
ported in the literature concerning the 
examination of transformers. Due to the 
large reactance's dispersion, short-circuit 
tests can be done with the full input volt- 
age from a rigid network. The results are 
given in Table 1. 

Recorded welding current runs were 
spectrum analyzed. The results are shown 
in Fig. 1. In the case of small current val- 
ues, significant even harmonic values (sec- 
ond) were observed. This shows a slight 
asymmetry of the dynamic arc character- 
istics. The increase in the setting currents 
causes not only the harmonic amplitude 
reduction, but also reduces the influence 
of other harmonic odds. This means a 
weakening of dynamic arc characteristics 
linearity. 

The recorded measurement data al- 
lowed mapping the hysteresis arc loop, cor- 
responding to different current transformer 
setpoints. The disclosure of a short-term 
pitch of ignition arc voltage value was 
strongly influenced by the sampling fre- 
quency. But in our case, it was not large and 
amounted to 2000 Hz. As shown in Fig. 1, 
with the weak currents, only the third har- 
monic of the arc current may have a signif- 
icant impact on the supply network. Effect 
of other higher harmonics is negligible, and 
increases with increasing welding current. 
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Fig. 1 —A spectogram for timing and welding current. The spectrums shown are for arc welding currents with settings: A andB— 100 A; C and D — 250 A. 
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Welding Arc Hybrid Model 

Different current ranges in the appli- 
cable dynamic Mayr and Cassie models 
hinder the proper mapping of AC circuit 
runs in a great number of welding equip- 
ment. Wide ranges of current changes and 

different electrodes' thermal states cause 
the dynamic characteristics to encompass 
both steep and gently sloping static char- 
acteristics sections. In this case, both the 
Mayr and Cassie models are not able to 
correctly map the welding arc current and 
voltage runs. In this paper (Ref. 4), we 
suggest, therefore, automatic switching be- 
tween the two models. 

Ul        dt 

i -e dg_ 

dt 
if i < In 

(1) 

(2) 

where g = conductance of the arc, I0 = 
limiting current, Uc = Cassie voltage 
model, PM = Mayr power model, 9 = 
time constant of the hybrid model. 

The transition factor is function a{i) 
performing the dependence 

g=[l-o{i)]gc+o{i)gM (3) 

the values gc andg^ are given respectively 
by formulas 1 and 2. Function a{i) per- 
forms the dependence 

a = exp 
(    i2\ 

(4) 

on this basis, we determined a Cassie- 
Mayr hybrid model in the form 

g = Gn 
( ■expi■ i2\ u i a 

2 u. 
( i2\ 

exp  - 
ra 

-0 
dg_ 

dt 

(5) 

where Gm,n = constant value dependent 
on the distance between the electrodes, 
shape and placement of electrodes, gas 
type, and temperature of the environment 
in noncurrent intervals; and /g = transition 
current between the Cassie and Mayr 
models. In general, the attenuation func- 
tion 0 depends on the current i 

Table 1 — Selected Parameters of the 
Welding Transformer with Different Settings 
for the Welding Current 

Schema 100 A 250 A 
parameters 

Rim 0.38 0.38 

Rim 0.055 0.055 
L^H] 0.0234 0.0113 
^[H] 6.5126e-4 3.63e-4 

RFem 330.5186 346.3892 
Ln[H] 0.2020 0.1875 

Note: Rh R^ = primary and secondary winding resistances; 
L1,L2 = inductance of the primary and secondary dispersion 
stream; RFe, L.= resistance and inductance of parallel 
branches. 
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Fig. 3 — Diagram of the welding transformer, which supplies the hybrid Cassie-Mayr arc model. 
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fig. 4 — Experimental hysteresis loops of the arc and a hybrid model, taking into account the electrode's voltage drop corresponding to different current set- ^J 
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6 = d0 = d1exp^-a\i\j 
(6) 

At the same time, if the current is rela- 
tively large, it can be assumed that 9 ~ 6Q, 

as described here. 
Based on the analysis and experimen- 

tal studies (Refs. 2-4), it was assumed 
Gmin = 0 S and 6 = constant. A genetic al- 
gorithm was used to determine the pa- 
rameter of the model. The roulette 
method was used here, which is contained 
in the "gaot" library of the Matlab pro- 
gram. In the case with a current setting of 
100 A, the following limits were assumed: 
Uc = (10:15), PM = (100: 400),/Q = (4: 6), 
0 = (0.1e-4: 4e-4). If the current setting 
was 250 A, new tension limits Uc (15:40) 
were assumed. 

The results of calculations are shown in 
Fig. 2. Almost all parameter values in- 
creased as arc current increased. 

Equation 5 was used to build the hybrid 
Cassie-Mayr macro model, which was con- 
nected into the circuit powered by a single 
welding transformer — Fig. 3. The sum 
value of the electrode's voltage drop a was 
experimentally determined during the gra- 
dient determination of the tension curve 
(Ua = a + PL ), where Ua = voltage 
curve, and L = length of arc. In our meas- 
urements, a ranged from 18 to 24 V. 

Simulation results and physics experi- 
ments are shown in Fig. 4. Obtained arc 

shapes are very close to those experimen- 
tally obtained. The hybrid model provides 
a clear disclosure of both effects: arc igni- 
tion and voltage stabilization on the de- 
veloped discharge plasma column. A small 
amount of limiting current of about 5 A 
provides a strong preference to choose 
the Cassie model to analyze the energy 
states in welding arc circuits and Mayr 
model for analysis of electromagnetic 
compatibility. Compared with those mod- 
els, the advantage of the hybrid model is 

Table 2 — These Are Values of Content's Coefficient of Harmonic Current Arc, Corresponding to 
the Different Transformer Settings 

Current setpoint 

THD experiment 
THD simulation 

100 A 

0.1499 
0.08089 

150 A 

0.1423 
0.07609 

200 A 

0.08719 
0.0716 

250 A 

0.07417 
0.06432 
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its universality, keeping the simple inter- 
pretation of the basic energy effects. 

The value of harmonic current arc co- 
efficient was calculated from a quantita- 
tive comparison of experimental tests 
results and simulations of the model oper- 
ation. The data are shown in Table 2. We 
can see from the figures that with the in- 
crease of welding current the value of 
THD decreased. This demonstrates the 
weakening of the nonlinear dynamic arc 
characteristics, caused by higher intensity 
of thermal processes on the electrodes and 
the plasma column. The discrepancies be- 
tween the dates obtained from the exper- 
iment and simulation decrease with the 
increase of power indicates that the hybrid 
model correctly maps the arc behavior for 
the increased current value. 

Conclusions 

1) Cassie-Mayr hybrid model suffi- 
ciently maps the welding arc voltage- 
current characteristics over the whole cur- 
rent range. 

2) The genetic algorithm is character- 
ized by a high reliability of optimized arc 
parameters because it takes into consider- 
ation a wide range of measurement data. 

3) A relatively small limiting current 
value (approximately 5 A) was deter- 
mined, supporting the choice of the 
Cassie model to simulate the energy 
process for an AC welding arc. However, 
a relatively complete mapping of electro- 
magnetic effects in an AC welding arc can 
be provided by a Cassie-Mayr hybrid 
model. 
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Weldability of Advanced High-Strength Steel 
Drawn Arc Stud Welding 

Designed experiment is used to statistically quantify fastener welding 
characteristics of bare boron steel, Usibot®, and HC500C against mild steel 

BY C. HSU AND J. MUMAW 

ABSTRACT 

This paper presents the findings of a weldability study of drawn arc stud weld- 
ing of various advanced high-strength steels (AHHS) including two grades of boron 
steel, and one grade of dual-phase steel of various thicknesses and coatings from 
several automakers, and benchmarked against mild steel. A wide top (or large 
flange) stud of 6-mm-diameter ISO metric thread (M6) was used in the study. A 
drawn-arc stud welding process was accomplished by shorting the stud to the work- 
piece with a pilot current, lifting the stud away from the workpiece to draw a small 
arc, increasing the current to a high level, holding the stud at the lifted position for 
a given duration to melt the stud end and the workpiece, and plunging the stud back 
to the workpiece to complete the weld. Instead of poking for a nine-box weld lobe 
from trial and error, a robot was used to comb a 3-D weld parameter space of arc 
current, arc time, and lift height, with parameter grid of 380-1200 welds for each 
AHHS grade. A design of experiment (DOE) approach maps out the relationship 
between DOE inputs of control variables, and DOE outputs of weld quality statis- 
tically. Objective and subjective weld quality were measured, including destructive 
conical bend for weld strength, dimple, sag, melt-through, head melting, cracking, 
excessive expulsion, and backside marking. 

Among the 3496 welds visually classified, photographed from both sides and de- 
structively tested, it was found that not all AHHS behave the same in drawn arc 
welding. Advanced high-strength steel of different types, thicknesses, and coatings 
exhibited different welding characteristics. Mild steel as a baseline had the classic 
C or kidney-shaped operating lobe, and the best weldability characterized by the 
largest lobe size and tolerance to lift. Uncoated boron steel of 1.2- and 1.4-mm 
thickness had excellent weldability at lower lift, with deteriorating performance at 
higher lift. It is best welded at hot and fast settings. ArcelorMittal's boron steel Usi- 
bor® of 1.4-mm thickness had marginal weldability. It is best welded at slow and 
cool settings. At 1.0-mm thickness, it could not pull 70% nugget at optimum set- 
tings. HC500C of 0.8-mm thickness had unacceptable weldability but shows poten- 
tial in very hot and fast settings. 

Background and Objective 

Automakers are considering the use of 
advanced high-strength steels (AHHS) to 
reduce vehicle weight and number of parts 
while improving fuel economy and crash 
performance (Ref. 1). Depending on the 
makes and models, there can be dozens to 
hundreds of studs on each car. Drawn-arc 
welding using an inverter power source ca- 
pable of 1800 A of peak current, a servo- 
electric gun, and pneumatic stud feed, is 
presently a standard practice in modern 

C. HSU (chris.hsu@nelsonstud.com) and 
J. MUMAW are with Nelson Stud Welding, Inc., 
Elyria, Ohio. 

automotive plants to weld studs (Ref. 2). 
Weld process monitoring software is often 
employed to fingerprint each weld and flag 
suspect or not-in-order (NIO) welds in 
production (Ref. 3). The relentless pursuit 
of quality has driven stud weld defect rate 
to a 0.8 ppm level (Ref. 4) in some facto- 

r 
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Boron Steel 
Dual-Phase Steel 

ries employing a Nelson DSP inverter 
welding machine, servo-electric weld 
head, and lift-arm stud sorter/feeder, but 
the use of new materials such as AHHS 
may adversely affect this weld quality ex- 
pectation. With intelligent sensing and 
controls, use of a leg or foot to hold down 
the workpiece is eliminated from the weld 
head, and thus a source of downtime be- 
cause spatter collection at the leg is elimi- 
nated. It is important to understand the 
fastener weldability of various grades of 
AHHS before it is chosen for a new vehi- 
cle body design. 

The weldability of AHHS was reported 
by Emhart Teknologies in a study spon- 
sored by the Auto/Steel Partnership Mate- 
rial Joining Technologies Committee (Ref. 
5). Several M6 studs and nuts were welded 
onto aluminum silicon coated hot-stamped 
boron steel (Usibor® 1.25 mm) and dual- 
phase steel (DP980 1.0 mm), along with 
galvanized mild steel (1.1 mm). Weld 
nugget > 70% of fusion area without over- 
melting was used as acceptance criteria for 
a 120-deg repetitive bend-to-failure test. A 
"weld lobe development procedure" 
search routine was used to poke the cur- 
rent-time space in search for acceptable 
welds (see flowchart in Fig. 4 of Ref. 5). 
Process robustness was defined by discov- 
ering a setting with ±50 A and ±5 ms clear- 
ance passing the acceptance criteria, 
known as a 9-box weld lobe. The search 
began with an initial set of weld parameters 
based on experience and adjust the param- 
eters at 50-A, 5-ms increments, and 
stopped when the 9-box was found. The au- 
thors concluded that all the steels studied 
were weldable with good process robust- 
ness. 

A study sponsored by BMW Group was 
conducted to weld chrome-plated M6 
paint groove stud with a 13-mm flange to 
a range of high-strength steels, including 
DX54D (Z100 coating, 0.66 mm), H300X/ 
DP500 (Z100 and ZE 75/75 BO coating, 
0.6 and 0.7 mm), H340XD (Z100 coating, 
0.61 mm), H400TD/TRIP700 (Z100 coat- 
ing, 0.6 mm), and H300X (ZE coating, 
0.48 mm) (Ref. 6). The welds were sub- 
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Fig. 2 — Examples of a front-side fracture tensile code after conical bend: A — Code 6: stud shank; 
B — code 5; 100% hole in base metal; and C — code 2:30% hole in base metal. 

Fig. 1 — Wide-top M6 weld stud. 

A B 

O   O 
Fig. 3 — Examples of inspection codes: A — Normal heat mark; B — dimple; and C — expulsion. 

BPI m E~j r «. 

ijj 1 L BH 
Fig. 4 — Examples of back-side visual inspection codes: A - 
hole; B — melt-through with hole. 

- Melt-through in shiny metal without Fig. 5—NelCell™ DOE setup with legless KSE100 head 
welding in the flat position. 

jected to tensile, torque, and hardness 
tests. It was concluded that although most 
welds met the mechanical strength re- 
quirement per EN ISO 13918 BMW 
Group Standard GS 96005, the weldabil- 
ity is a unique characteristic of each mate- 
rial. Each AHHS must be examined sepa- 
rately. For example, TRIP steel has 
undesirable weld properties. 

The drawn arc stud welding process 
was found to have adequate tensile and fa- 
tigue strengths to repair adhesive-bonded 
joints of DP780 in a study by GM and 
Shanghai Jiao Tong University (Ref. 7). 

Instead of poking around the current- 
time parameter space, design of experi- 
ments (DOE) methodology is demon- 
strated  to better optimize  drawn-arc 

welding process variables and to deter- 
mine the process viability with statistical 
confidence and complete understanding 
of the parameter landscape (Refs. 8, 9). 
Beside mechanical strength, other subjec- 
tive quality metrics such as excessive ex- 
pulsion, backside dimple-shaped defor- 
mation, and melt-through with and 
without creating holes are measured, sta- 
tistically modeled, and used in conjunc- 
tion with strength criteria for optimiza- 
tion. Production weld quality statistics at 
the optimized parameters can be forecast. 

The objective of the current study is to 
employ the DOE tool to quantify the ac- 
ceptable lobe of welding process variables 
of selected AHHS grades, and use the 
AHHS lobes as a relative benchmark 

against the mild steel lobe. 
Experiment and Experimental 
Procedures 

Test Stud 

The stud is made of mild steel and has 
M6 thread, 13-mm flange, 9-mm weld 
base, copper flash coating, and a length of 
25 mm — Fig. 1. This wide top or large 
flange (known as W-top or LF) stud was 
chosen to weld all types of base metals in 
this study because it is very common in 
North America and Asia, and is gaining 
popularity in new European car designs. 

Base Material 

Table 1 — Chemical Composition of Base Material from AHHS Steel Suppliers 

Material Coating C Si Mn P S Al Ti + Nb Cr+ Mo C 
Equi. 

Steel 
Source 

Usibor® Al-Si 0.23 0.26 1.17 0.014 0.001 0.029 0.04 0.00 0.43 Arcelor 
Boron uncoated 0.22 0.26 1.13 0.013 0.003 0.036 0.03 0.15 0.45 Delaco 

HC500C ZE galvanized s0.18 <0.8 <2.50 <0.050 <0.01 0.015 
to 0.1 

<0.25 sl.O 
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Fig. 6 — Behavior of mild steel 1.4 mm thick at 1.7-mm lift: A — Tensile; B — dimple; C — melt-through. 

Table 2 — DOE Weld Parameter Matrix (Each Row is One Grid with a 50-A/5-ms Increment) 

Steel Thickness (mm) Lift (mm) Min Current (A) Max Current (A) Min Time (ms) Max Time (ms) # ofWelds in the Grid 

Mild Steel 1.4 1.2 1500 2000 10 55 no 
Mild Steel 1.4 1.7 500 1450 10 100 380 
Mild Steel 1.4 1.7 1500 2000 10 55 110 
Mild Steel 1.4 2.5 500 1450 10 100 380 

Usibor* 1.0 1.2 300 450 60 no 44 
Usibor® 1.0 1.7 300 450 60 no 44 
Usibor® 1.4 1.2 300 450 60 no 44 
Usibor® 1.4 1.7 500 1450 10 100 380 
Usibor® 1.4 1.7 300 450 60 no 44 
Usibor® 1.4 2.5 500 1450 10 100 380 

Boron 1.2 1.2 1500 2000 10 55 110 
Boron 1.2 1.7 1500 2000 10 55 110 
Boron 1.4 1.2 1500 2000 10 55 no 
Boron 1.4 1.7 500 1450 10 100 380 
Boron 1.4 1.7 1500 2000 10 55 110 
Boron 1.4 2.5 500 1450 10 100 380 

HC500C 0.8 1.7 500 1450 10 100 3S0 

Table 1 shows the chemical composi- 
tion of base material from AHHS steel 
suppliers. 

Experimental Design 

The experiment is a response surface 
model design. In lieu of a conventional 
two-level D-optimal design with center 
points and replicates or a five-level central 
composite design, the authors chose a grid 
pattern formed mostly by 18 to 19 levels 
for comparison with the historic lobe data 
and lobe precision needed in stud welding. 

All welds were done in the flat position 
with direct current electrode negative 
without shielding gas, as most applications 
of carbon steel stud welding do not employ 
protective gas. For each material thickness 
and lift height, the weld current and weld 
time were varied by 50-A increments and 
5 ms in the range explored (Table 2). The 

Table 3 — Weld Quality Codes 

Tensile Code (from conical bend 
to failure) 

6 — break in stud shank 

5 — hole is 100% weld base area 
4 — hole is 90-99% of weld base area 
3 — hole is 70-89% of weld base area 
2 — hole is 1-69% of weld base area 
1 — no hole (fracture in the weld) 

Visual Inspection Code 

D — dimple/sag formation but no liquid 
melt-through 

B — melt-through with shiny metal 
H — melt-through with hole 
M — head melted off 
C — crack 
E — excessive expulsion or flash 
N — normal/good backside with only heat mark 

parameter space is normally set to sweep 
a space bounded by 500- to 1450-A current 
and 10- to 100-ms time; however, addi- 
tional spaces (such as hot and fast or cool 
and slow) were explored when the normal 
space showed potential in these additional 
spaces. A total of 3496 studs were roboti- 

cally welded on a grid pattern. 
Weld Quality Assessment 

Weld quality was ranked and coded in 
two scores, tensile code (objective) and vi- 
sual defect code (subjective). The tensile 
code is actually the fracture location of a 
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fig. 7 — Behavior of 1.4-mm-thick mild steel at 
1.7-mm lift: A — Hole; B — expulsion. 

Fig. 8—Quality code (comprehensive) behavior of 
mild steel 1.4 mm thick at the following: A —1.2- 
mm lift; B — 1.7-mm lift; C — 2.5-mm lift. 

Table 4 — DOE Surface Response Models and Their Statistical Significance 

Base Result DOE Model F Value Probability 
Material Code Type >F 

: Tensile quadratic 151.2 < 0.0001 0.63 
Quality quadratic 64.3 < 0.0001 0.42 

Mild Dimple quadratic 28.1 < 0.0001 0.24 
Steel Melt-through quadratic 55.1 < 0.0001 0.38 

Hole quadratic 19.1 < 0.0001 0.18 
Expulsion quadratic 191.5 < 0.0001 0.69 

Tensile quadratic 253.4 < 0.0001 0.67 
Quality quadratic 14.8 < 0.0001 0.20 

Usibor* Dimple quadratic 10.5 < 0.0001 0.15 
Melt-through quadratic 55.9 < 0.0001 0.48 

Hole quadratic 32.7 < 0.0001 0.35 
Expulsion quadratic 142.9 < 0.0001 0.70 

Tensile quadratic 88.8 < 0.0001 0.53 
Quality quadratic 88.7 < 0.0001 0.53 
Dimple quadratic 6.9 < 0.0001 0.08 

Boron Melt-through quadratic 92.7 < 0.0001 0.54 
Hole quadratic 11.9 < 0.0001 0.13 

Expulsion quadratic 90.8 < 0.0001 0.54 

Tensile quadratic 111.6 < 0.0001 0.65 
Quality quadratic 61.3 < 0.0001 0.51 
Dimple quadratic 5.9 < 0.0001 0.10 

HC500C Melt-through quadratic 11.7 < 0.0001 0.16 
Hole quadratic 92.0 < 0.0001 0.61 

Expulsion quadratic 7.7 < 0.0001 0.11 

conical bend test. A tube was inserted onto 
the welded stud shank and was moved in a 
circular motion at about 60 deg from the 
stud axis repeatedly until fracture occurred. 
This is more advantageous than the planar 
bend described in Ref. 5 because it has a 
neutral orientation. A higher tensile code 
was achieved when the fracture is in the 
stud shank, or predominantly in the base 
metal (hence the weld is stronger than the 
base metal), as shown in Table 3. For ex- 
ample, in Fig. 2C, a hole is torn out in the 
base metal after the conical bend test. The 
size of the hole is 30% of the weld area. A 
tensile code of 2 was thus assigned per 
Table 3. Visual inspection checks for other 
irregularities are listed in Table 3, and they 
are coded 1 as being present, 0 as being ab- 
sent. Although the visual imperfections are 
not desirable, they may be acceptable in 
practical applications. In other words, the 
visual qualities are highly application spe- 
cific. For example, the expulsion may not 
pose dimensional interference and thus 
may be acceptable if the weld strength is ac- 
ceptable per the tensile code in Table 3. The 
output of the DOE will map out the limita- 
tions imposed by each visual inspection 
code. A comprehensive "quality" code is 
defined below: 

Quality Code = Tensile code 
(when visual inspection code = N or 
Normal) 

Quality Code = 0 
[when visual inspection code = D, B, H, 
M, C, or E) (M and C are not found in any 
weld) 

The Quality Code is a conservative 
metric assuming none of the visual im- 
paction is acceptable. This study analyzes 
weld strength and visual imperfections 
separately so that automakers can apply to 
their individual applications, and compre- 
hensively in the form of the Quality Code. 
Figures 2-A provide examples of inspec- 
tion codes. 

Welding Equipment 
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The welding power source used was Nel- 
son's N3 with 2000-A output capacity. 
Feeder FSE100 was used to feed the stud 
pneumatically and servo-electric weld head 
KSE100 was welding in flat position — Fig. 
5. The KSE100 can be programmed to pre- 
cisely position the stud in increments of 0.1 
mm during approach, lift, and plunge. The 
KSE100 is held by a Fanuc 120iB robot in a 
two-table welding cell. The robot is pro- 
grammed to automatically weld down a grid 
of studs with 25-mm spacing between each 
stud, and either the time is incremented by 
5 ms or current is incremented by 50 A from 
stud to stud. 

Results and Discussion 

DOE Surface Response Models 

Table 4 summarizes the statistical tests of 
DOE output response models. Each row in 
Table 4 contains the statistically significant 
data of each statistical model for each out- 
put and steel grade. The weld current and 
weld time are numerical factors and lift is a 
categorical factor. The "Probability > F" is 
a statistical measurement of the likelihood 
that the observed behavior could have oc- 
curred purely as a result of random error. 
The smaller the value of Probability > F, the 
greater the significance of the model. All 
models in Table 4 have a <0.0001 value, 
meaning highly significant. Statistical mod- 
els, where the output is a strong function of 
input factors, tend to have higher R2 values. 
All models were chosen to be as simple as 
possible without transformation while 
being very significant and passing all statis- 
tical diagnostic tests including residuals and 
Box-Cox plot. 

Mild Steel Benchmark 

Mild steel (1.4-mm) weld results at 1.7- 
mm lift are plotted separately in Figs. 6 and 
7. These maps are drawn based on statisti- 
cal models, and use contour lines, or iso- 
lines, to plot property codes of equal value, 
similar to topographic maps with lines to 
plot elevation. Green is used to denote the 
highest property code (pass) and red de- 
notes the lowest property code (fail). It can 
be observed in Fig. 6A that the lower-left 
corner has insufficient arc energy resulting 
in a tensile code of less than 3 (or less than 
70% fracture in the base metal). In Fig. 6B, 
the upper-right comer should be avoided if 
the formation of a dimple is unacceptable. 
In Fig. 6C, an even greater area of the 
upper-right comer should be avoided if the 
precipitation of melt-through with shiny 
metal (without hole) is not accepted in the 
application requirement. 

Figure 7A paints the entire current- 
time as a green space without a hole de- 
fect. Figure 7B illustrates that an even 
greater part of the upper-left corner is 
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Fig. 9 — Go/no-go operating window of mild steel 1.4 mm thick at the following: A — 1.7-mm lift; B- 
2.5-mm lift. 
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Fig. 10 —A — Tensile; B — expulsion behavior of 1.4-mm-thick Usibor at 1.7-mm lift. 

marked for the presence of expulsion than 
is Fig. 6C for melt-through. 

The quality models of mild steel at 
three lift height settings are compared in 
Fig. 8. The 2.5-mm lift test is only per- 
formed in the hot and fast parameter 
space. It can be observed that the mild 
steel has comfortable green zones with a 
quality code greater than 3 or 4 (over 70% 
nugget pull in the base metal) in all three 
lift settings. 

To visualize the effect of each quality 
measure in weld performance, an "oper- 
ating window analysis" method was used 
as follows. The pass/fail acceptance crite- 
ria were established for each quality re- 
sponse. The map was painted green where 
all the metrics passed its respective crite- 
ria, and red where any metric failed its ac- 
ceptance criteria. The crisp green lobe (or 
operating window) based on a set of crisp 
pass/fail criteria can be used to guide an 
actual production, e.g., in choosing the 
operating welding procedure at the cen- 
ter of the green lobe, and in choosing the 
weld process monitor tolerances to flag 
suspect welds. The acceptance criteria 

I 
could vary from application to applica- ^^ 
tion, but for the exercise, they were as HJ 
chosen below: ^* 
• Tensile code > 4 (90% fracture in base ^"^ 
metal) 
• D, B, H, M, C, E < 0.5. 

It can be observed in Fig. 9 that the green 
"go" zone was obtained diagonally from the 
hot-and-fast setting to the slow-and-cool 
setting while maintaining proper arc energy 
delivered to the weld. The low energy cor- 
ner (lower left) is limited by tensile code (or 
weld strength), and the high energy comer 
(upper right) is limited by expulsion. It can 
be further observed that melt-through is a 
concern at even higher energy settings; 
however, it is obscured by the effect of ex- 
pulsion. 

Usibor 

The maps of Usibor at 1.7-mm lift re- 
veal the upper-right corner is good for 
strength, but not good for expulsion — 
Fig. 10. Other defects are not present. 
Similar maps are made for the 2.5-mm lift. 

The quality code map of both lift settings 
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Fig. 11 — Quality code (comprehensive) behavior 
of 1.4-mm-thick Usiborat the following: A —1.7- 
mm lift; B — 2.5-mm lift. 
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-Fig. i2 — Go/no-go operating window of 1.4-mm- 
thick Usibor at the following: A — 1.7-mm lift; B 
— 2.5-mm lift. 

A '•n**»  6eron 1 4mr 

\ 

O^m Thru Boron 1 Afnm Ls1 *rnm 

! - 

Fig. 13 — Behavior of 1.4-mm-thick boron steel at 
1.7-mm lift: A — Tensile; B — melt-through. 

is similar, showing poor weldability overall, 
with better performance at slow-and-cool 
(lower-right corner) energy settings. Results 
for 1.0-mm thickness with only slow-and-cool 
weld tests had worse performance. 

The go/no-go maps are exhibited in Fig. 
12 for both 1.7- and 2.5-mm lift assuming 
no visual defect and at least 70% fracture in 
the base metal. It can be observed that the 
weldability is marginal at best when com- 
pared with mild steel. Of course, if the ac- 
ceptance criteria are relaxed, the green 
"go" region would be larger. 

For 1.0-mm-thick Usibor plates, a 
smaller scale sweep focused at slow and 
cool settings (the most promising) yielded 
poor strength values with 1.2- and 1.7-mm 
lift (all below 2, or less than 70% fracture in 
the base metal). 

Boron Steel 

The maps of boron at 1.7-mm lift show 
that it is a very forgiving material with a 
large green zone for tensile, but the high- 
energy zone will result in melt-through. 

Quality code maps of 1.2-mm boron are 
shown in Fig. 14 where hot-and-fast set- 
tings are predicted to work the best 

The quality code maps for 1.4-mm boron 
steel reveal again that hot-and-fast settings 
are best suited for this steel. Figure 16 plots 
the go/no-go windows of 1.4-mm boron steel 
revealing that it is a quite forgiving steel to 
weld where the low-energy region is prohib- 
ited by poor weld strength while the higher 
energy settings should be avoided due to 
first, expulsion and, second, melt-through. 

For 1.2-mm-thick boron steel plates, a 

Table 5 — Predicted Statistical Behavior of Weld Quality at Optimum Settings 

Base Metal Mild Steel Mild Steel Usibor® Usibor® Boron Boron HC500C 

Thickness (mm) 1.4 1.4 1.4 1.4 1.4 1.4 0.8 
Lift (mm) 1.7 2.5 1.7 2.5 1.7 2.5 1.7 
Current (A) 950 1000 500 300 1556 1450 1450 
Time (ms) 55 60 85 90 13 15 10 

Code 5.6 5.4 3.9 3.4 5.7 3.8 2.5 
SE 0.08 0.08 0.14 0.32 0.16 0.22 0.20 

Tensile 95% Cl low 5.41 5.21 3.65 2.83 5.42 3.37 2.11 
95% Cl high 5.75 5.53 4.18 4.07 6.03 4.23 2.91 

Code 4.1 3.6 2.2 2.9 6.5 3.7 2.9 
SE 0.14 0.14 0.16 0.38 0.20 0.28 0.21 

Quality 95%Cllow 3.78 3.28 1.89 2.11 6.09 3.15 2.54 
95% Cl high 4.35 3.84 2.53 3.60 6.88 4.27 3.36 
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fig. 14 — Quality code (comprehensive) behavior of 1.2-mm-thick boron steel hot-and-fast settings with 
the following lift: A — 1.2 mm lift; B — 1.7 mm. 

smaller scale sweep focused at hot and fast 
settings yielded excellent quality values 
(above 5 and 6). 

HC500C 

The DOE study of 0.8-mm HC500C re- 
veals a different story in Fig. 17. The tensile 
map shows only the high-energy settings 
(upper-right corner) can yield satisfactory 
strength; however, the same area has a 
propensity for melt-through hole forma- 
tion. Poor weldability of HC500C is illus- 
trated, respectively, in the quality code and 
go/no-go maps — Fig. 18. 

It can be argued that the difference in 
weldability of different steel grades primarily 
lies in the strength contest between the base 
sheet metal, the stud shank, and the weld. 
This is because the acceptance is not the ab- 
solute strength, but the assumption that the 
weld must be relatively stronger than the 
base metal, as evidenced by tearing a hole in 
the base metal during destructive testing; or 
stronger than the stud shank, as evidenced by 
breaking in the shank. Therefore, base metal 
strength, thickness, and ductility can influ- 
ence the fracture location (the weakest link). 
The weldability is progressively poorer with 
higher ultimate tensile strength, from mild 
steel of 440 MPa, to 600-MPa boron steels 
before hot stamping, to 900-MPa HC500C. 
In addition, zinc surface coating had a detri- 
mental effect in weld quality when uncoated 
boron steel was compared with coated Usi- 
bor, because it is a contaminant and forms 
porosity, as well as lowers arc voltage and 
heat input. 

Effect of Arc Energy 

Arc energy has a direct impact on the 
weld strength and visual defects. Too little 
energy results in insufficient fusion and thus 
compromises weld strength; too much en- 
ergy results in dimple and melt-through. 
Mild steel weld strength expressed in tensile 

code is plotted in Fig. 19A and the corre- 
sponding quality code is plotted in Fig. 19B. 
It can be observed that there is a window be- 
tween 44 and 54 Amp*sec where the quality 
code stays at 6. To match with a given weld 
size, the required energy can be delivered in 
the manner of high current and short time 
("hot and fast"), or lower current and longer 
time ("slow and cool"). This simplified analy- 
sis collapses the 2-D weld parameter space 
into one dimension — energy only — with- 
out taking into account if the energy is deliv- 
ered hot and fast, or slow and cool. In other 
words, the heat loss factor due to conduction, 
or heat efficiency, was not considered. None 
of the other AHHS has the degree of ro- 
bustness of mild steel, i.e., a process that is 
not affected by the speed of energy delivery, 
or heat input efficiency. 

It can be observed in Figs. 20B and 21B 
that there is no window of arc energy in which 
the quality code stays at 6, as in mild steel. It 
means the energy delivery speed, unlike mild 
steel, becomes a governing factorwhen weld- 
ing these boron steels, coated or uncoated. 
Very few HC500C welds break in the stud 
shank seen in Fig. 22A with tensile code 6. 
Although HC500C can achieve good weld 
strength by pulling 100% base metal nugget 
(tensile code 5), the overall quality of the 
same arc energy is downgraded to zero in 
Fig. 22B from visual discontinuities render- 
ing it the least weldable steel in this study. 
Applications less restrictive in these visual at- 
tributes will have a better chance of identify- 
ing workable arc energy. 

Weld Quality Prediction 
Using Optimum Process 
Parameters in Production 

The statistical behavior of weld quality 
metrics for a hypothetical production run 
at optimum weld setting can be predicted 
from the response surface models, shown 
in Table 5. SE is mean standard error, and 
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Fig. 15 — Quality code (comprehensive) behavior 
of 1.4-mm-thick boron steel at the following lifts: A 
—1.2 mm; B —1.7mm; C — 2.5 mm. 

CI is confidence interval of average. Mild 
steel has high strength and quality values at 
both low and high lifts, and the most con- 
sistent qualify values characterized by low 
standard error and confidence interval. 
With mild steel base metal as a benchmark, 
it can be quantitatively predicted that 
HC500C has the worst weldability followed 
by Usibor with qualify code below 3 (or less 
than 70% base metal pull). Usibor works 
best with low current, and HC500C in 0.8 
mm thickness works best with hot and fast 
settings. Boron steel at 1.7-mm lift rivals 
mild steel for excellence in weldability; 
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Fig. 16 — Go/no-go operating window of 1.4-mm-thick boron steel at the following lifts: A — 1.7 mm; 
B — 2.5 mm. 

Fig. 17 — Behavior ofHCSOOC at 1.7-mm lift: A — Tensile; B — hole. 
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Fig. 18 — HC500C at 1.7-mm lift: A — Quality code map; B — go/no-go map. 

rent-time landscape. It was found that: 
1. AHHS weld quality and optimum 

weld setting varied greatly depending on 
the steel type, coating, and thickness. 

2. Mild steel had the most tolerant op- 
erating window in high and low lifts and had 
the most predictable quality in production. 

3. Uncoated boron steel (1.4 mm) in 
general had excellent weldability and was 
best welded at hot and fast settings. There 
is a need to watch out for weaker weld 
strength at higher lift settings and melt- 
through at higher weld energy. Thinner, 
uncoated boron steel with a thickness of 
1.2 mm also yielded excellent weldability. 

4. Usibor (1.4 mm) had poorer weld- 
ability than uncoated boron steel and was 
best welded at slow and cool settings. In 
particular, it had a narrower operating 
window for achieving good weld strength 
at the nominal 1.7-mm lift in comparison 
with uncoated boron. Usibor with 1.0-mm 
thickness could not pull more than a 70% 
nugget in the base metal. 

5. HC500C (0.8 mm) had the worst 
weldability because there is little common 
ground of parameter real estate between 
weld strength and avoiding melt-through 
hole defect formation. A hot and fast set- 
ting holds the most promise for finding 
this common ground. 

These findings were based on lab con- 
ditions to study carefully controlled 
process factors while suppressing other 
"noise" factors. In a production environ- 
ment, there are many factors that can af- 
fect the weld quality that were not studied 
in this DOE. These factors include ground 
location, arc blow, polarity, workpiece vi- 
bration, stud feeding, handling and posi- 
tioning, chuck deterioration, weld cable 
deterioration, part surface contamination, 
etc. Automakers may have different me- 
chanical testing acceptance criteria and 
assign different importance to other sub- 
jective visual defects and exudation of the 
welding process. This can result in new op- 
timization of process variables. 
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however, at 2.5-mm lift, it falls behind mild 
steel significantly. In other words, boron is 
not as tolerant as mild steel to actual lift 
changes in production, e.g., from base 
sheet metal vibration. 

Conclusions 

A design of experiment (DOE) was 
conducted to drawn-arc weld wide-top M6 

mild steel studs to several advanced high- 
strength steel (AHHS) sheets of different 
thicknesses and surface coatings. Destruc- 
tive bend fracture behavior and visual de- 
fects of Usibor, bare boron steel, and gal- 
vanized HC500C are benchmarked 
against bare mild steel. Surface response 
statistical models were constructed by an- 
alyzing 3496 welds obtained through auto- 
mated robotic welding to sweep the cur- 
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