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It's really very simple. 

CustomSelect ® MIG 
Welding Torch with 

lounting Arm and Cuff 

Collision Sensor 

f 

'Welding Package 

Nozzle Cleaning Station 
with optional Wire Cutter 

Water Cooler 

Buy the package, save a bundle. 
The Bernard Robotic MIG Welding Package Saves 

You Time and Money. Specify reliable Bernard 

components for your application. Achieve high 

repeatability and dependable productivity--all at an 

affordable package price. Patented body tube removes 

quickly, without tools. Quick-change jump liner saves 

up to 65% on replacement liners. Proven long-life 

consumables help maximize uptime while keeping 

parts and inventory costs low. In fact, on a Total Cost 

SEE US AT AWS SHOW BOOTH 1428 

of Ownership basis, the Bernard Robotic MIG 

Welding Package is likely to be your most cost- 

effective performer. For all the facts, talk to your 

Bernard distributor or call 1-800-924-8575. 

 ERNAFIB ° 
Owning is saving. TM 

DOVATECH, LTD. 
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Exceptional performance. 

That's what being an 

expert is all about. And 

whether your customers 

need electrodes, solid 

or tubular wires ranging 

from stainless to low 

alloy applications-you 

name it; you'll find it 

here at ITW Hobart 

Brothers. We have four 

separate brands-each 

an expert in its own 

right-working together 

to give you and your 

customers the most 

complete assortment 

of dependable filler 

metals anywhere. At 

ITW Hobart Brothers 

we've got what you 

need to get the job 

done right the first 

time, every time. 

There's only one expert, 

but luckily you've got 

several ways to reach us. 

Call 1-800-424-1543 

for more information, 

or visit our Web site at 

www.hobartbrothers.com. 

i • 

Quality f~ll line of filler metals. 

McI I,Y 
;taintess and hard-surfacing experts. 
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(the robots welding 

ing. 
.,,:halr... 

under your body) 

Company: 
BMW Manufacturing Corp. ~ i 
Spartanburg, South Carolina k l  1,~ 

Business: 
Automobile manufacturing, 
1.2 million square foot plant. 

Automation Chollenge: 
Quality. Precision. Integrating automation 
with "hand-built" team philosophy. 

Solutions: 
Four Motoman K10 ArcWelding Robots, 
MRC Controllers. 

Operations: 
95 MIG welds (I l OOmm) to join underbody 
to side frame, safety tubes and windshield 
area. Dimensional integrity, stability and 
consistency of the welds are critical to 
passenger safety. 

Results: 
Weld penetration and consistency are at 
nearly 100%. Cycle time of 1 minute, 57 
seconds. Eliminated human injuries from 
welding in tight, awkward workspace. 

Action: 
Find out how Motoman's solutions can help 
your business today. Call (937) 847-3300 or 
visit our web site at www.motoman.com for 
more information. 

A WORLD OF AUTOMATION SOLUTIONS 

MffI  4AN 
a V YASKAWA 
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You didn't  go into 

business to worry  about 

%Velding Supplies.  

. . .But we did. 

Sales 

Discover F&Af MMco's powerful Welding solutions... 

Service 8 0 0 . 3 3 3 . 2 1 5 1  Wo,,dw,,~ 
Rentals 
G a s .  w w w . f m m a f c o . c o m  A,,,,b,,,,~ 
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er product comes close to the  s p e e d ,  

cut quality and longer parts life of  the new 

Powermax600 plasma cutting system. A 

patented torch design boosts cutting speed 

26% over  convent ional  torches. The  portable, 

40 amp system lets you cut quickly through 

steel up to s/e inch thick at a cost-p~r-foot . . . . .  ~ : ~  ~ 

that's 38% lower than the closest competi tor  

tested. Plus, HyLife ® consumables last 

six t imes longer than other brands. 

These exclusive features all add up to 

)roductivity and lower operat ing " -: ~ - 

he new Powermax600,  one  more -  • '  ~ - o 

, .  i 

. plasma c ~ n g  t e c ~ n o l o r  ~ 

H ypeJ'therm, Inc.  ~ ~- ~ 

Hyper errn 

~;r  ~ 



Leonardo da Vinci's origi- 
nal design sketches for a 
24-ft bronze equestrian 
sculpture outline the ma- 
jestic concept that finally 
came to fruition 500 
years later. Gas metal arc 
and gas tungsten arc 
welding were used exten- 
sively in joining the sculp- 
ture's cast sections. 

Feature  Ar t ic les  
The Great Master's Horse Returns Home after 500 Years 
Leonardo da Vinci's plans for a magnificent bronze equestrian sculpture are finally realized 
with a little help from welding/44 

Chicago:  T h e r e ' s  a W h o l e  Lot o f  Weld ing  Going  On 
M. R. Johnsen and T. Heston 
Chicago, the host for the AWS 2000 Exposition, proves a hotbed of welding activity with nu- 
merous projects on the construction agenda/48 

Robotic Arc Welding Is Off  and Running at Caterpillar 
B. Irving 
One of the largest manufacturers of earth-moving equipment now sees its early growing pains 
with robotic automation paying dividends in productivity and weld quality/55 

Company Embraces Automatic Loser Gas Supply System 
F. Steele 
A laser job shop reduces costs with the installation of a high-pressure delivery system for ni- 
trogen/61 

Survey Reflects Stability in Welding Equipment Industry 
A. Cullison 
An industry market survey of welding equipment manufacturers reflects a slow but steady 
growth overall/65 

Welding Research  S u p p l e m e n t  
The Welding of Structural Steels without Preheat 
A.J. Kinsey 
Welding even thick sections of low-earbon-equivalent steels without cosily preheat seems to be a real possibility by 
following the recommendations of this study/79-s 

image-Based Penetration Monitoring of CO a Loser Beam Welding 
R. K. Holbert, et al. 
The weld pool, keyhole and plume generated by a laser beam were analyzed with a dual camera system to help predict 
penetration and control the proces#89-s 

Evolution of Titanium Arc Weldment Macro and Microstructures - -  Modeling and Real Time 
Mapping of Phases 
Z. Yang, et al. 
A three-dimensional heat transfer model was developed to improve the prediction of temperature, thermal cycles and size of the 
fusion zone in a gas tungsten arc weld on titanium/97-s 

Welding Journal (ISSN 0043-2296) is the official monthly publication of the American Welding So- 
ciety. Editorial and advertising offices are located at 550 N.W. Le,Jeune Rd., Miami, FL 33126; tele- 
phone (305) 443-9353. Printed by R. R. Donnelley & Sons Co., Senatobia, Miss. Subscriptions: 
$90.00 per year in the United States and possessions, foreign countries $130.00. Single copies: 
members $6.00, nonmembers $8.00. Periodicals postage paid at Miami, Fla., and additional mailing 
offices. POSTMASTER: Send address corrections to Welding Journal, 550 N.W. LeJeune Rd., Miami, 
FL 33126. Starred (*) items excluded from copyright. Readers of the Welding Journal may make 
copies of articles for personal, archival, educational or research purposes, and which are not for sale 
or resale. Permission is granted to quote from articles, provided customary acknowledgment of au- 
thors and sources is made. 
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Like playing the Blues, welding is more than a process. If it's de~e right, it's an experience. You dq 

just need a good eye and steady hands. You need a tire in your belly that's hotter than the arc on your • : r:~, 

power source. At Miller Electric we're always in;proving the design and technology that goes into our power~i'~ " ; :~ " 

sources. So youcan consistently feel this type of passion in your w o r k .  . /  ~ . M i l l e r  ~!!i, • 
every day y ~  punch in. To see how our ideas can help you, give us a call ~. • 

303 or log on to our website at MillerWelds.com. " ~ , ~ ' r / ~  ]~oz~'r ~ .  ~ 

; - Circle No..91 on Reader Info-Card ~ ~. - 
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The average automobile has over 

250 pounds of aluminum content, a 

100 percent increase over a decade 

ago. And there is more to come as the 

global auto industry continues its quest 

for lighter, more fuel-efficient vehicles. 

Emhart Fastening Teknologies is 

working with automakers on advanced 

fastening and assembly solutions 

for aluminum components. These 

include drawn arc welding processes 

that join studs to aluminum with 

precision positioning, repeatability, 

speed, and weld integrity at fastening 

attachment points. 

Emhart Fastening Teknologies 

created an assembly system for the 

Audi Aluminum Space Frame ® that 

treats each weld as a separate process. 

Within milliseconds, the system 

automatically adjusts current, arc 

voltage, welding time, and stud-plunge 

timing to compensate for specific 

surface conditions. The result: 260 

precision welds that perform reliably 

throughout the life of the vehicle. 

From component design, to 

production engineering, to assembly 

systems integration, Emhart Fastening 

Teknologies brings total fastening 

and assembly solutions to the global 

auto industry. 

EMHART FASTENING TEKNOLOGIES 
810-949-0440 

WWW.EMHART.COM 
BOOTH 121 AT AWS SHOW 
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P r e s s - T i m e  N e w s  

Trade Commission Hands U.S. Steel Companies a Defeat 
in Struggle against Steel Imports 

The U.S. International Trade Commission (ITC) 
ruled recently that imports of certain cold-rolled 
steel products from six countries haven't materi- 
ally hurt the U.S. steel industry. The ruling means 
the U.S. Department of Commerce will not 
impose duties of more than $590 million on 
imports from those countries. 

The ITC issued a statement saying, "The 
Commission determined that an industry in the 
United States is not materially injured or threat- 
ened with material injury by reason of imports of 
certain cold-rolled steel products from Argentina, 
Brazil Japan, Russia, South Africa and Thailand 
that the Department of Commerce has deter- 
mined are sold in the United States at less than 
fair value, and those from Brazil that the 

Department of Commerce has determined are 
also subsidized." The ITC voted 5-1 that the 
imports did not harm domestic steel. 

The move is seen as a major defeat in the U.S. 
steel industry 's  two-year war against steel 
imports. The steel companies and steel workers 
have complained cheap steel imports have flood- 
ed the market, resulting in, among other things, 
job losses. In the past, Commerce has ruled in the 
steelmaker's favor, imposing punitive tariffs on 
some steel imports including hot-rolled steel. 

Approximately 30 companies in the United 
States produce cold-rolled steel products, which 
are used extensively for automobiles and house- 
hold appliances. 

New Litton Company to Provide 
Shipbuilding-Related Services 

Litton Industries, Woodland Hills, Calif., par- 
ent company of Ingalls Shipbuilding and 
Avondale Industries, recently announced the for- 
mation of a new company, the Litton Ship 
Systems Full Service Center. The new company, 
based in Pascagoula, Miss., will provide a full 
range of research and development, design analy- 
sis and lifetime maintenace support services. It 
will operate as a stand-alone business within the 
existing Litton Ship Systems organization. 

"In forming this compan~ Litton is taking the 
next step in broadening our ability as a signifi- 
cant industry partner in R&D, as a prime con- 
tractor for design and production, and as a single 
point of contact for support services throughout 
the operational lifetime of a single ship or a fleet 
of vessels," Michael R. Brown, Litton chairman, 
president and chief executive officer, said. 

Dr. Lawrence J. Cavaiola has been named 
president of the new company. Cavaiola joined 
Litton Ingalls in 1998 as vice president for gov- 
ernment relations and strategic development. 
Prior to the new assignment, he had been named 
Litton Ship Systems vice president for strategic 
and business development. 

Litton is one of the nation's leading ship- 
builders for the U.S. Navy and the largest 
builder of nonnuclear ships. 

U.S. Steel to Sell Products On-Line 

U.S. Steel Group, a unit of USX Corp. and the 
largest U.S. steel producer, recently acquired a 
minority interest in the e-Steel business-to-busi- 
ness e-commerce site in order to sell its products 
on-line. U.S. Steel plans to use the e-STEEL 
Exchange for prime and nonprime transactions. 

e-Steel Corp. (www.e-steel.com), founded in 
September 1998, is one of the two major metal 
selling e-commerce sites. The other is MetalSite, 
which began operating a year before e-Steel and 
has alliances with several major steelmakers 
including Weirton Steel Corp., Bethlehem Steel 
Corp. and LTV Corp. 

As part of the agreement, USX Engineers and 
Consultants, Inc., a wholly owned subsidiary of 
USX, will provide software and engineering 
expertise, as well as sales and marketing support. 

"We believe e-commerce will provide real 
value to U.S. Steel and our customers," U.S. Steel 
President Paul Wilhelm said. In 1999, U.S. Steel 
generated revenues in excess of $5.3 billion pri- 
marily from sales of 10.6 million tons of steel 
products. 

Currently, the e-Steel Exchange has 1300 mem- 
ber companies from 65 countries. 
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Only better. 
It's more precise control over your cuts- - f rom IN OVAT,M 

the torch height control for all plasma cutting systems. 

You can program every move with 35 functions. You can 

set and maintain much tighter 

parameters, with arc voltage 

resolution to 0.1 volt, accurate to 

455 Fleming Road • Charleston, SC 29412 • (800)  252-2850 

_+ 0.4 volts, and with position encoder resolution to 

0.0001 inch! Compared to the others, INOVA gives 

you cleaner, more consistent cuts and kerf. Finally, 

you can control it all from an optional touch screen 

remote. Are you ready for this mean machine? 

Give us a shout. 

INNERLOGIC'  
843-795-4286 Technology on the cutting edge 
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Administration Releases 2001 Budget 

The Clinton Administration has sent to Congress its fis- 
cal year 2001 budget plan, calling for a 2.5% increase in 
spending, up to $1.84 trillion. Of course, this is simply the 
beginning of the budget process, which is not scheduled to 
be completed until October 1, and usually is delayed even 
beyond that date. 

Federal research and development, which has received 
a great deal of attention and bipartisan support over the past 
few years, would increase by 3% to just over $85 billion. 
Of this, one half, or $43 billion, is for civilian science, en- 
gineering and technology R&D programs. Universities, 
which tend to focus on basic research, show significant in- 
creased funding under the proposed budget. Federal agen- 
cies that would be favorably affected include the National 
Science Foundation, Department of Energy, 
Department of Defense and the National 
Institute of Standards and Technology. 

Liability Bill Passes House 

The U.S. House of Representatives has 
passed the Small Business Liability Reform 
Act (H.R. 2366). The legislation now moves on to the Senate. 

The act is directed at small businesses with fewer than 
25 employees and is designed primarily to address the issue 
of punitive damages. Specifically, the legislation would re- 
quire "clear and convincing" evidence of wrongdoing in 
order for an award of punitive damages to be made, and 
also would limit such damages to the lesser of $250,000 
or three times compensatory damages. There are also pro- 
visions that would limit so-called joint and several liabil- 
ity, and that would absolve distributors and retailers, who 
do not actually manufacture any product, from liability in 
most cases. 

The fate of the bill in the Senate is uncertain. 

Congressional Centrists Organize 

Moderate Democrats and Republicans were expected 
to wield significant power in the 106th Congress, represent- 
ing the "vital center" that so many voters claim to prefer. 
Instead, the intense partisanship of last year's Congress, par- 
ticularly in the Senate, has resulted in many of the moder- 
ates' favored issues becoming mired in gridlock. In fact, re- 
cent studies show party line voting has actually increased 
in the Senate. 

Now moderates on both sides of the aisle are attempting 
to counteract this trend. Specifically, 20 Senate Republicans 
and Democrats, one-fifth of the Senate, have loosely orga- 
nized themselves into a "Centrist Coalition" designed to in- 
crease cooperation on issues such as health care and taxes. 

In a separate but related development, nine moderate 
Democrats have joined together in an attempt to exercise 
greater influence within their own party. 

Centrists have been encouraged by statements of sev- 
eral presidential candidates of the need to avoid gridlock. 
In addition, several Senators that define themselves as cen- 
trists are newly elected, perhaps signifying the beginning of 
a trend. 

OSHA Partners with Contractors 

China is expected to 
gain official WTO 
membership later 

this year. 

The Occupational Safety and Health Administration 
(OSHA) and Associated Building Contractors (ABC) have en- 
tered into a partnership designed to create a "platinum" level 
safety designation for select members. Platinum will be the 
highest in a four-step program designed to recognize ABC's 
safest contractors. To reach platinum status, contractors need 
to meet stringent safety guidelines. Those ABC members that 

achieve the platinum status will receive spe- 
cific benefits including not being targeted 
by OSHA for a planned or unplanned in- 
spections within twelve months; not issued 
penalties for nonserious violations that are 
promptly abated; and receiving reduced ci- 
tations by the maximum amounts for good 
faith, size and history. 

Both OSHA and ABC have expressed 
hope their partnership may become an industry model and 
a template for future collaborations between OSHA and 
other industry groups or companies. 

China's Trade Status Battle Continues 

The effort to achieve permanent normal trade relation 
status for China is continuing in Congress and within the 
Administration. While both the Clinton Administration and 
leadership in Congress support these efforts, there are sig- 
nificant obstacles that make the ultimate outcome in doubt. 
These obstacles include opposition by many groups across 
the political spectrum such as organized labor, which fears 
the continual loss of jobs to cheaper labor markets, human 
rights activists, religious conservatives and environmental 
groups. Ironically, President Clinton may have complicated 
the matter with his remarks last fall at the World Trade Or- 
ganization (WTO) meeting in Seattle, which were particu- 
larly supportive of the labor and environmental constituen- 
cies. This alienated many free-trade advocates in Congress. 
China's increasingly aggressive moves toward Taiwan also 
are not helping the situation. 

China is expected to gain official membership in the 
World Trade Organization later this year, a move that does 
not require U.S. Congressional approval. 

Contact the A W5 Washington Government Affairs Office at 1747 
Pennsylvania Ave. N.W., Washington, DC 20006; telephone 
(202) 466-2976; FAX (202) 835-0243. 
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D 
E D I T O R I A L  

eveloping the Finest 
in the World 

In the world of welding, the words certified and certification are used all the 
time, and, certainly, the American Welding Society offers many successful certifi- 
cation programs. But do you know the philosophy behind the AWS programs and 
who creates the standards and determines policy for managing these programs? 
That job goes to the members of the Certification Committee, which is a market- 
driven standing committee reporting directly to the Standards Council. In turn, the 
Council reports to the AWS Board of Directors. 

Certification is a very active committee. The members meet face-to-face four 
or five times a year. However, there are numerous communications and votes 
taken between meetings. This is a high-achieving team that takes its responsibil- 
ities seriously. 

Take a look at just some of the AWS certification programs already in place: 
Certified Welding Inspector, Senior Certified Welding Inspector, Certified Weld- 
ing Educator, Certified Welder, AWS NDE Inspector and the National Skill Stan- 
dards certifications such as Entry-Level Welder and Advanced Welder. And more 
programs are in the works such as AWS Certified Welding Engineer, Certified Fab- 
ricator and NDE certifications such as Magnetic Particle Inspector and Dye Pen- 
etrant Inspector. 

You may wonder why we need some of these certifications and why so many 
people participate in them. After all, the AWS Certified Welding Inspector pro- 
gram alone has certified approximately 18,000 persons worldwide. 

First of all, certification adds value to a person's marketability in the workplace. 
Further, these certification~allow you to prove you are qualified without the need 
for further training. 

The European concept of certification and that of some other U.S. certification 
bodies is you must undergo training and take specific courses to become certi- 
fied. This can't just be training in general, and it doesn't matter how much expe- 
rience you have. These certifications are not competency based, and this training 
is required even if you are completely qualified and can prove it. This philosophy 
has created a roadblock to certification that has limited who can be certified in 
areas such as nondestructive examination, welding engineering, welding educa- 
tion and training, and welding inspection to name but a few. 

The American Welding Society and some other U.S. organizations believe if 
you pass a test you prove you are qualified, and you should be able to be certi- 
fied without a requirement for further training. Testing, however, is not the only 
element of the AWS programs. There are also requirements regarding work ex- 
perience and some physical requirements such as for vision, both of which are 
very positive aspects of our programs. 

Many people in the United States and abroad have embraced the American 
Welding Society for its commitment to certification by testing. That's part of the 
reason the Certification Committee works so hard. We not only want to develop 
new programs but continually improve 
those already in place. 

Over the years, I have received letters 
from and met with many of the people 
who are certified by the American Weld- 
ing Society. I am very =mpressed with 
their abilities and professionalism. I 
hope you get a chance to work with 
some of our fine AWS certified person- 
nel. I also hope when you look to be- 
come certified you look to the AWS. We 
have the finest programs in the world. 

l im Greer 
Chairman, AWS Certification Committee 
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0 Superior Surface Tension 
TransfeF"and pulsed MIG 
welding performance. 

2. Synergic single knob control. 

Power Wave 455/STT 
i 

3. Trouble-free loading 
and feeding from the 
split wire guide. 

4. Set-up flexibility with 
one control cable to 
connect all pieces. 

5 .  Modular design that 
changes easily from 
bench to boom. 

Lincoln Electric:7 

6 .  ~a~y upgrade from 
simple to sophisticated 
control. 

7o  3-year warranty and 
the unmatched support 
of Lincoln Electric. 

The Power Wave ® 455/STT 'M welder combines Lincoln Electric's exclusive 
Power Wave and STT technologies in an easy-to-operate unit that leaves 
other systems on the sidelines. Now one machine can change to nearly 
any kind of MIG welding with the flip of a switch. Ask your Lincoln 

. distributor for a demonstration of the new 

The Lincoln Electric Company, Cleveland, Ohio U.S.A. 888/355-3213 www.lincolnelectric.com The Welding Experts 
SEE US AT AWS SHOW BOOTH 1439, 1639 



C O M M E N T A  R Y 

Make Your Mark 
Everyone, whether they're everyday nine-to-rivers or the titans of industry, 

wants to make a mark with their life. Now that may seem easy if you're fabulously 
wealthy. After all, look at the tremendous work Bill Gates and his wife are ac- 
complishing with their wealth - -  they're giving back billions to people in need. 
Equally impressive, however, is the mark millions of people around the world are 
making through the combination of their small gifts working together. Last year in 
the United States, the top 50 foundations alone gave $3,620,476,665 to help peo- 
ple. There are 10,445 foundations in the United States with assets of more than 
$2 million and another 33,500 corporate and family foundations with assets less 
than $2 million giving billions for the betterment of people. Foundations, corpo- 
rations and individuals give annually through gifts of cash, stock, real estate, tan- 
gible goods, insurance policies and bequests. And, out of all this giving, 83% of 
the contributions come from people with salaries under $60,000. 

Ten years ago, through the vision of the AWS Board of Directors, the AWS 
Foundation was established to fulfill the desire of the members of the American 
Welding Society to give something back to their industry. Since then, the Foun- 
dation has developed programs such as the Welding, So Hot It's Coo/video to 
help students become aware of the career potential within welding, and we offer 
National and District Scholarships to those who want to begin careers in our in- 
dustry. A student loan program is available to assist those who either don't receive 
a scholarship or who need additional help. Through our Graduate Fellowship pro- 
gram, we support college graduates who want to further welding research and to 
advance our industry. For students from outside the United States, the Foundation 
offers an International Scholarship, and we are presently working with the Mat- 
suo Bridge Company to develop the first AWS scholarship for students from Japan. 

A new Visionary Club has also been established for individuals wishing to 
make a gift through their estate plan. Your gift of cash, life insurance policy, prop- 
erty, tangible items, trust, annuity, codicil or bequest can help carry on the in- 
dustry that literally builds, shapes and advances the world we live in. 

Last year, the AWS Foundation awarded more than $250,000 in grants to help 
students. Supporting the development of trained personnel to join our ranks is an 
investment in the future of our industry. This is why giving to the Foundation is so 
important. 

The challenge gifts of The Lincoln Electric Co. and ESAB Welding & Cutting 
Products have created a lot of excitement about the work of the Foundation, re- 
sulting in a banner year. But the job is not done. We must look to every person 
involved in welding and every corporation that depends on welding to help raise 
an additional $4 million. These funds are an investment in our industry's future 
and are needed to fully serve the educational needs of the new members of our 
industry that the future will demand. We're asking you to consider, according to 
your ability, making a gift to the AWS Foundation. Not only will you help a young 
person start a rewarding career but you'll help make our industry stronger. 

Call the Foundation office at (800) 
443-9353 ext. 293, or (305) 443-9353 
ext. 293 from outside the United States, 
and let us help you maximize your giv- 
ing program. Everyone wants to leave 
their mark on the world; leave yours by 
helping students get the education they 
need. 

Robert B. Witherell 
Director of Development, AWS Foundation 
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Relief for robotic indigestion. 

F Robotic indigestion doesn't 
come from jalapefio peppers. 

It comes from welding wire with 
poor arc stability and inconsistent 

feedability. It clogs liners and tips. 
You get jam-ups and burnbacks. 
Welding stops. Then you get indigestion, too. 

1 

Easy-feeding N-S welding wire. 
Fortunately, there's a cure. National-Standard welding wire 

feeds through liners and tips smoothly for a consistent, stable arc. 
Its uniform cast and minimal helix ensure exact wire positioning. 
Weld after weld, your robot hits the mark with pinpoint accuracy. 

Call  today for your  F R E E  sample.  
Get relief from robotic indigestion and unnecessary downtime. 

Feed your automatic welding equipment N-S wire. For your FREE test 
spool and the name of your local N-S distributor, contact National-Standard. 
You'll feel better right away. 

© 
N a t i o n a l - S t a n d a r d  
W e l d i n g  P r o d u c t s  Div i s ion  
Ph: 800-777-1618 Fax: 616-683-9276 

www.nationalstandard.com 

W e l d i n g  w i r e  t o  r o b o t i c  s t a n d a r d s .  

SEE US AT AWS SHOW BOOTH 1460 
Cir©le No, 101 on Reader  Info-Card 
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CyberNotes 
A collection of industry news from the Internet 

BY MARY RUTH JOHNSEN, Features Editor 

Safety Products 
and Information 

Arbill Glove & Safety. An addition to 
the Arbill Web site is its Safety First pro- 
grams. These are monthly presentations 
geared toward a particular safety category 
formatted in PowerPoint® that can be 
used to assist in safety training, compli- 
ance and program development. Visitors 
simply click on the Safety First button on 
the Web site and select the program they 
are interested in. The following is the 
schedule for this year: Facil- 
ity Maintenance I; Eye, Face 
& Head Protection; Storage 
& Handling; Facility Mainte- 
nance II; Emergency Re- 
sponse; Fall Protection & "~ "~  
Confined Space; Respiratory 
Protection; Clothing & 
Footwear Protection; Hear- 
ing Protection; Hand & Arm 
Protection; Identification & 
Training; and Ergonomics & 
Matting. 

The site includes plenty 
of information regarding the 
company's line of more than 
4000 glove and safety prod- 
ucts such as protective 
clothing, eye and hearing 
protection, hear gear, respi- 
ratory equipment and back 
supports. It also includes the 
current issue of the company's Safety Net 
newsletter, as well as articles from back 
issues that can be searched by either the 
subject or publication date. 

The company is based in Philadel- 
phia, Pa. 

http://www.arbill.com 

clamps; casters and wheels; and hand 
knobs. The site also includes informa- 
tion regarding its in-house machining fa- 
cility for custom-made and prototype 
work. Visitors can browse the catalogs 
using product group indexes or use the 
search button to find parts by keyword, 
series name or part number. 

Browsers can also download the com- 
plete library of more than 9000 CAD 
drawings of the company's parts. 

http://www.jwwinco.com 

I I10 II1~1 ~ I 
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Standard Industrial 
Machine Components 

J. W. Winco, Inc. The Web site for 
this New Berlin, Wis., based company 
now features its standard parts and sup- 
plemental service parts catalogs in their 
entirety, including specifications, dimen- 
sional information, photos and line 
drawings. The company offers a large se- 
lection of imperial- and metric-sized 
plastic and metal parts, including ad- 
justable levers; cabinet U-handles; re- 
volving and retractable handles; jig, fix- 
ture and fastening components; toggle 

Your I18oume F ~  ikm1~ m d  I1~1 
IMnanl  F ' l~  F~lnduny 
mmm Um4R4ml llUt m e ~ m m  
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Digital Motion Control 
Technology 

Galil Motion Control, Inc. Weekly 
live on-line conferences with company 
president Jacob Tal are one of the high- 
lights of Galil's site. Tal provides infor- 
mation and answers questions most 
Tuesdays at 8:30 a.m. PST (11:30 a.m. 
EST). Advanced Tuning is the topic for 
the first two weeks in April; viewers must 
register on-line ahead of time to partici- 
pate. If you miss the live seminar, 
recorded versions are available for view- 
ing any time. The on-line registration also 
provides access to a library of tutorials, 
application bulletins and programming 
manuals. 

The site's News section includes arti- 
cles about motion control technology 
and applications and copies of Ser- 
voTrend, the company's quarterly 
newsletter. On the site's home page, the 
Product Finder directs visitors to the 

company's line of motion controllers. By 
indicating which bus (ISA, PC/104, VME, 
PCI, USB, Ethernet or RS232) and the 
number of axes needed, it provides links 
to the product that meets the applica- 
tion. The site includes full product spec- 
ifications, manuals and ordering and 
pricing information. The company is 
based in Mountain View, Calif. 

http://www.galilmc.com 

Hardfacing Info 

Postle Industries, Inc. 
This Web site offers infor- 
mation on the company's 
complete line of hardfacing 
wire in sizes from 0.045 
through 7/~4 in., electrodes in 
a variety of grades and sizes, 
thermal spray powders and 
abrasion-resistant epoxies. 
Besides product informa- 
tion, however, the site for 
this Cleveland, Ohio, based 
company offers information 
and graphics regarding the 
causes of wear, tips for bet- 
ter welding, how to apply 
hardfacing materials and 
how to calculate costs. 

According to the site, 
abrasive wear - - the scratch- 
ing or grinding of hard parti- 

cles into a softer surface - -  accounts for 
60% of all wear. The least severe form of 
abrasion is low-stress scratching abrasion. 
In this type of abrasion, small particles 
slide freely over a metal surface, scour- 
ing the surface as they move across it at 
varying velocities. An example is dry sand 
flowing over a part. "Since there is no im- 
pact associated with this type of wear, 
high-hardness, carbide-containing alloys, 
such as high-carbon/high-chromium car- 
bide, complex carbide, tungsten and 
vanadium carbide, are best for this type 
of abrasion." The more severe type of 
abrasion is high stress grinding abrasion, 
which occurs "when abrasive particles 
are ground between two surfaces under 
pressure, causing the abrasive particles to 
fracture and be crushed." Fracturing of 
the abrasive particles continually gener- 
ates fresh, sharp cutting edges, which in- 
creases the rate of wear. Suggested alloys 
to resist this type of abrasion are 
chromium carbide and complex carbides. 

h ttp: llwww.postle.com 
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MANUFACTURERS OF WORLD CLASS 
GAS WELDING & CUTTING APPARATUS 

AND PRESSURE GAUGES 

~ r ~ ~ ~ "  S n c e  1 9 6 9  . . . 
~ ~ = ~  .~ ' ~ ' !  ~) S e r v i n g  i n d u s t r y  
~ t , -  ~ j ~  ~ I :  w o r l d w i d e  t h r o u g h  

" ~ ; i ~ ' ~ ~ ~ /  q u a l i t y  o r i e n t e d  d i s t r i b u t o r s ,  

~ _  ............. : w h o l e s a l e r s ,  O .E .M . ' s ,  G E N E R I C O  
b r a n d  or  p r i v a t e  l a b e l  p r o d u c t  

SO 9 0 0 1  C E R T I F I E D  • UL L ISTED PRODUCTS 

DUR MAIN  E M P H A S I S  IS ON VALUE 

HE BEST W A R R A N T Y  IN THE BUSlNESF. 

BROAD P R O D U C T  SELECTIOI~ 

W 

GENERICO products are produced, assembled, and tested by an experienced and 
dedicated work force that is committed to the highest standards of product integrity and 
excellence consistent with our ISO 9001 certification and UL listed products. 

THE HIGHEST QUALITY AT THE LOW PRICES! 
Quality and price must speak for themselves, so we encourage your inquiry. See for yourself 
why - the world over - more and more professionals are using GENERICO products, 

/ .~!d : 

TWO YEAR "OVER THE COUNTER REPLACEMENT" WARRANTY 
All GENERICO manufactured welding apparatus and equipment is warranted to be free from 
defective material and workmanship for a period of two years from the date of purchase. 

Regulators Welding Apparatus Welding Accessories 
• Single S tage  • Torch Handles  • E lec t rode Ho lders  
• Two-S tage  • Cut t ing  A t t a c h m e n t s  • Ground C lamps  
• S ta t ion  • Cut t ing Torches • Cab le  Connec to rs ,  
• Line • Mach ine  Torches Lugs & Spl icers 
• Man i fo ld  • A i r  Torches • Ch ipp ing H a m m e r s  
• F l o w m e t e r  & F low Gauge  • Weld ing & Heat ing Nozz les  • Magne t i c  Ho lders  
• P is ton • Cut t ing  Tips • "13p Cleaners  & Dril ls 
• Ba l loon • F lashback  Ar res to rs  • Spark  L ighter  

• Check  Valves • Weld ing Gogg les  

GENSTAR T E C H N O L O G I E S  CO.,  INC. PRODUCTS ALSO AVAILABLE FROM 
4525 Edison Ave • Chino, CA 91710 THE FOLLOWING WHOLESALERS: 
Tel: (909) 606-2726 • Fax: (909) 606-6485 , United American Sates, lnc.(U.A.S.)Wilrnington, OH 800-421-7081 

• Westgate Sales Corp., Oakland, NJ 201-337-0024 
Website: www.genstartech.com , Doyle's Supply, Inc., Decatur, AL 800-633-3959 

~ ~-~'~:- "'Pros WhoKnow...GoGENERICO" 
• n Reader Info-Cerd 
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The Weldir,,g Helmet v/ [n the Right Stuff 

New from Sellstrom comes a product which redefines any previous conceptions of 
what a welding helmet should be. The Titan" is not your father's welding helmet. 
It is part welders dream, part space age, and 100% proven tough - the pinnacle of 
design in welding helmets. Balanced, ergonomically crafted, and lightweight, it has 
been thoughtfully engineered to maximize performance and enable welders to work 
more efficiently and comfortably. Titan is made of a durable, incredibly heat 
resistant material with contours that not only look fantastic but actually redirect 
spatter safely away from the cover plate. The unique shape of the Titan also 
provides excellent ventilation, range of head movement, and plenty of room to 
accommodate a standard size half-mask respirator with N95 filters. Of course, 
there are the usual refinements found in aft Sellstrom helmets, such as a front 
loading lens system and hard hat connection capabilities. All these features 
combine to create a colossal achievement that is truly ahead of its time. The era 
of technology is upon us, and it has brought the Titan. 

Balanced Ergonomic 

Scientifically optimized 
pivot points contribute 
to smooth operation 
and reduction of 
irritating helmet 
slam-down. 

Thoughtful ergonomic 
design derivers a host 
of improvements such 
as increased visibility. 
improved ventilation 
and accommodation of 
respirator mask. 

Lightweight 

Super tough thin~E 
design signifi~ntly 
reduces w~fler's ned 

\ 

Visit us in- 
Chicago 



Contemporary profile 
and shell design 

Easy adjust knobs, 
even with gloves on 

Quick and easy plate or 
filter replacement 
(snap on bezel to shefl 
with one easy press) 
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Built-in magnifier holder 
is adjustable to several 
oositions 
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A WS Conferences & Seminars 

The AWS Conference Department Offers a Five-Day Seminar Dedicated to the 
New D1.1: 2000 Structural Welding Code - -  Steel 

You have the option of registering for the entire week or selecting the date/topic of your choice. 

Day I (Monday) D1.1 Road Map 
This one-day program will provide a comprehensive overview of AWS 
D1. I: 2000 Structural Welding Code - SteeL Each of the Code sec- 
tions, including General Requirements, Design of Welded 
Connections, Prequalification, Qualification, Fabrication, Inspection, 
Stud Welding, and Strengthening and Repair of Existing Structures, will 
be summarized, with emphasis on their interrelationships and usage. 
Additionally, the role of mandatory and nonmandatory annexes will be 
reviewed, along with tips for how to use the Code Commentary. 
Though not a prerequisite, the "DI.1 Road Map" provides a broad 
basis of understanding the Code for those who are attending other 
detailed sessions later in the week. 

Day 2 (Tuesday) Design of Welded Connections 
Engineers responsible for designing welded steel structures or review- 
ing designs will appreciate this in-depth look at the design rules of 
D1.1. This one-day program will include four sessions as follows: 

• Common Requirements of Nontubular and Tubular Connections. 
• Specific Requirements for Nontubular Connections (Statically or 

Cyclically Loaded). 
• Specific Requirements for Cyclically Loaded Nontubular 

Connections. 
• Specific Requirements for Tubular Connections. 

Day 3 (Wednesday) Qualifications 
By popular demand, AWS offers this one-day session on documenta- 
tion and qualification of both welding procedure specifications and 
welding personnel. The ins and outs of prequalified WPSs will be cov- 
ered, including tips on how to write an effective WPS. Other topics 
include filler metal selection, determinations of preheat and interpass 
temperatures and the use of prequalified joint details. For those who 

are unable to use prequalified WPSs, a step-by-step review of the pro- 
cedure qualification process will be covered, including tips on how to 
prepare the important PQR. 

Day 4 (Thursday) Fabrication 
This course will provide an in-depth look at the control and storage of 
welding consumables, stress-relief heat treatment, base metal prepa- 
ration, joint dimension and tolerances and structural member dimen- 
sional tolerances, along with other topics. The significance of weld 
profiles and repair of defects will also be covered, along with an 
overview of the acceptance criteria for the different weld categories 
and inspection methods. Discussions on stud welding and require- 
ments for strengthening and repairing existing structures round out this 
intense program. 

Day 5 (Friday) Inspection 
Code Week concludes with a one-day session devoted to inspection 
of structural steel welds. Inspector qualifications and responsibilities 
of inspectors and contractors will be covered. Procedures and tech- 
niques for visual, liquid penetrant, magnetic particle, radiographic 
and ultrasonic inspection are highlighted as a prelude to a detailed 
review of the inspection acceptance standards. Test method funda- 
mentals will be covered, where necessary, to understand the more in- 
depth tables and criteria, along with tips on what to look for in 
inspection reports. Whether you are a supervisor, engineer, inspec- 
tor or auditor, you will find this clear presentation a must for a better 
understanding of weld quality. 

For further information, contact: Conferences, American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126,] 
Telephone: 800-443-9353 ext. 223 or 305-443-9353 ext. 223, Fax: 305-443-1552. Visit the Conference Department home page[ 
via http://www.aws.org for upcoming conferences and registration information. ] 
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MM.251 SP 
250 amps. of industrial welding 
performance, 60% duty cycle. 

MM.201 
200 amps. of industrial welding 
performance, 60% duty cycle. 

~ I I T I F  I C A T' ON~ I 

~ , ,  . . . .  

COmFA C 
Within U.S.A. 
Through the IDC gases and welding group 
of distributors. 
Phone: toll free 1-800 662 0505 access # 03 

Within Canada 
through MAP CANADA LTD 
Phone: toll free 1-800 757 4445. 
Circle No. 126 on Reader Info-Card 

Made by Soldadoras Industriales Infra. An Infra Group Division. 
For information, ask your local Comparc Distributor or make a collect call to Mexico City: ~ J l ~  I N F ~ p ~ I  
Phones: (525) 357 1586, 358 9281, Fax: (525) 576 2358. 
From USA call toll free: 1-888-487-58-86. From Canada toll free 1877 214 99 65 
e-mail: siisa@mpsnet.com.mx web site: www.comparc.com.mx 
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Weld Monitor 
The ARCscAN Weld Monitor performs high speed data 
acquisition, decision-making and alarming for six weld 
process sensors: 
• Arc current • Arc supply voltage • Wire feed speed 
• Gas flow • Auxiliary Analog • Auxiliary Digital 

IntelliARC®.ARCscAN TM 

The ARCscAN Weld Monitor provides: 
• High-Visibil ity Local Display and Key Panel--for 

reliable local operation, weld results and measure- 
ments along with multiple monitoring schedule 
configuration (31). 

• Alarm Limit Setting-configure alarm limits manually 
or using auto smart limits. 

• Weld Failure Mode Diagnostics--display operator 
configured messages following weld fault allowing 
specific trouble shooting procedures to be documented 
and provided automatically. 

• On-Board Data Logging--stores up to 128 mb. 

T h e  AccUDATA T" IntelliARC®Weld 
M o n i t o r i n g  a n d  Q u a l i t y  
C o n t r o l  S y s t e m  
The Inte/ f iARC product family is an exceptional real- 
time weld monitoring and quality control system by 
AccuDATA, Inc.--"The Intelligent Arc Company". The 
ARCSCAN is adaptable to a number of configura- 
tions: it may be connected to a stand-alone PC and 
welding torch, an auxiliary or portable PC, a weld 
system Programmable Logic Controller (PLC), a 
network of ARCSCAN units, or any combination of 
these configurations. 

The unit's rugged, sealed enclosure is designed 
for continuous exposure on the production floor. 
Each weld torch has its own ARCSCAN, which 
monitors weld parameters in real time, communi- 
cates alarms to the weld system PLC and to the 
system PC over a local network. 

Portable ARCscAN TM System (PAS) 
PAS provides a compact (8" x 10" x 1.75" and less 
than 3 Ibs.), cost efficient and easily transportable 
method for diagnosing and viewing the welding 
process. 
The system is designed to be used in conjunction with 
your laptop PC and the ARCLoG~c software to provide data 
acquisition on (4) welding parameters: 
• Current • Voltage • Wire Feed Speed • Gas Flow 

PAS can be connected, configured and 
analyzing your welding process in minutes. 

A d v a n t a g e s  o f  t h e  IntelliARC®System 
• Smart limits mode 
• Context sensitive diagnostics for the operator 
• Fault detection algorithm and signal processing 
• Windows z~ 95, 98, NT software (printing support) 
• Signature control and graphic manipulation 
• PLC interface 
• Rugged enclosure and connectors 
• Windows zrv~ context sensitive help screens 
• Security functionality 
• High resolution signature data 
• Development team 
• The ARCscAN may be connected via RS-232 to a 

standard comport on a portable or stand-alone PC. 
Welding engineers can directly enter and download 
diagnostics and custom help information to each 
ARCSCAN unit. 

• The ARCscAN also connects via ETHERNET 
allowing multiple units to be networked together 
for high speed communication. The system PC 
captures information from the Intel I iARC-ARCscAN. 



WELD MONITORING & DATA ACQUISITION 
ARCLoGtc TM Software 
The IntelliARC ARCLoG,c! software allows for easy acquisition, manipulation, and management of 
welding processesl as well as building diagnostics for new weld operations using either a local or 
remote PC or a network system. 

The IntelliARC® ARCLoGtc TM 

software provides: 
• Data Logging--configure reports from the signal data to your 
specifications or export to other programs as desired. 

• Information Display--data is clearly displayed with cumulative 
statistics provided from welding operations. 

• Monitoring Schedule and Configuration Management--set, 
maintain and track multiple weld operations through communications 
with the IntelliARC-ARCscAN software. CHART VIEW 
• Network Management--compatibility withstandard PC 
network software allows remote access and mass storage 
capabilities. 

I n t e l l i A R C  ® features will help you 
s a v e  o n  all t h e  fo l lowing :  

• N D T / D T  

• Rejected parts 
• Production/robot cell downtime 
• Weld procedure development 
• Reworked parts 
• Troubleshooting 
• Excess welding 

= 

• Product liability insurance 
• Preventive maintenance 

. . . .  i 

A C C U '  ..... 
"The Intelligent Arc Company" 

5750 Marathon Dr., Jackson, MI 49201 
(517) 784-8222 • FAX (517) 784-8320 

www.intelliarc.corn 

DATA SAVING CONFIGURATION 

AccUDATA Inc.,  We ldWare  Inc. 
* D e v e l o p m e n t  Team 

Welders Developing For Welders 

Darren Barborak has a BS and MS in 
Welding Engineering from The Ohio State 
University and will receive his Ph.D. in 
2000. (WeldWare) , ~  

Chris Conrardy has a BS and MS in 
Welding Engineering from The Ohio 

State University. (WeldWare) 

k ~  Bruce Madigan has BS and MS degrees in 
Welding Engineering from The Ohio State 
University, and a Ph.D. from Colorado 
School of Mines. (WeldWare) I P ' q B  

Todd McEIlis has a BS in Welding E :,t~,l 
Engineering Technology from Ferris 

State University. (AccuDATA) 

D Troy Paskell has a BS and MS in 
Welding Engineering from The Ohio 
State university. (WeldWare) 

*WeldWare, Inc. is under exclusive contract to AccUDATA, 
Inc. to develop software for the arc monitoring products. 
These products are wholly owned by AccUDATA, Inc. 

C i r c l e  No, 2 on R e a d e r  I n f o - C a r d  



H o t  
S t u f f .  

Super High 
Precision 

Tailor-made pays off for your 
toughest welding needs: 

• High-flex power and control cables 
- -  bending radius as small as 

5 times the diameter 

• Special hybdd designs - -  
with superior EMI performance 

• Drastic reduction In size and weight 
- -  30-40% over standard cables 

• High-endurance Jacketing - -  
resistance against welding beads, 

chemicals, torsion and abrasion 

• Long life - -  
up to 25 million bending cycles 

• Starting at 3 0 0  ft .  - -  delivery 
within 3-6 weeks 

PH: (519) 893-1155 FX: (519) 893-2766 
www.elocab.com 

Perfection Pays! 

elllocab 
TAILOR-MADE CABLES 

258 McBrine Drive, Kitchener, ON N2R 1H8 Canada 

C i r c l e  No.  5 5  on  Resider  I n f e - C e r d  

J . e t t e r s  to  t h e  E d i t o r  
ESW Offers Good Performance 

Dear Editor: 

I commend you for helping the cause to 
reinstate the valuable electroslag welding 
(ESW) process as per the article tit led Elec- 
troslag Welding Stands Poised for a Come- 
back in Bridge Construction by Mary Ruth 
Johnsen in the February 2000 issue of the 
Welding Journal. 

To clarify a few areas, however, the pro- 
cess was never prohibited for compression 
members, nor was it the contractor/fabricator 
who chose not to use the process. It was the 
prohibit ion of the American Association of 
State Highway and Transportation Officials 
(AASHTO). This group is represented by the 
bridge engineers of each state and each has 
the full authority to use or not use the ESW or 
any other process, funded or not funded by 
the Federal Highway Administration, on 
his/her state work. They did not understand 
the real problem and, thus, just to play it safe, 
prohibited ESW on all the work, tension and 
compression. Tennessee, to my knowledge, 
is the only state that al lows this process on 
compression flanges per AWS D1.5, Bridge 
Welding Code, paragraph 4.5. Structural steel 
fabricators still use the process if the work 
warrants its use per AWS D1.1, Structural 
Welding Code - Steel, paragraph 3.2.2. 

I have always been an ally of ESW. With 
proper control, procedures and a skilled opera- 
tor, along with 100% nondestructive testing 
using both radiography and ultrasound, I have 
supervised hundreds of electroslag welds with 
the present method on bridges in Alabama, 
Florida, Tennessee, Mississippi and Louisiana. 
No weld was found to be defective. However, 
the narrow gap irnproved-electroslag welding 
process can perform as a less troublesome 
method and assure good performance each time. 

Rex Fronduti, P.E. 
Rex Fronduti & Associates 

Millbrook, Ala. 
Member, AWS DI Committee 

As Mr. Fronduti correctly points out, and 
which was stated in the article, electroslag 
welding was never prohibited for use on com- 
pression members. The ban on its use for ten- 
sion members had a carry-over effect, how- 
ever, and its use on compression members 
declined. 

AASHTO's role in the moratorium on the 
use of ESW was not mentioned in the article. 
We appreciate the additional information Mr. 
Fronduti has provided. 

Mary Ruth Johnsen 
Features Editor 

Welding Journal 

AMERICAN 
FILLER 
METALS CO. 
]SO 9002 CERTIFIED 

N E W  
ER9OS-B9 & 

E9015-B9 FOR 
WELDING P91/T91 
GRADE STEELS IN 

THE POWER 
PLANT INDUSTRY 

AVAILABLE IN 
MIG, TIG, AND 
ELECTRODE 

FORMS 

CALL TOLL FREE: 

1-800-394-4550 
FAX: 713-644-9628 

WAREHOUSES IN 
HOUSTON, TX & 
COLDWATER, MI 

E-MAIL: 
afm@flash.net 

SEE US AT AWS SHOW BOOTH 970 
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Get the Latest Word 
on Welding and Fabricating 

at the AWS Expo 
Almost by definition, your success depends upon staying up-to-date with the latest in welding and fabricating 
technologies and equipment. Looking for cost-saving ideas, problem-solving technologies, or key equipment? 

You're sure to find the insider's guide to success among the 700 expert-rich booths at the AWS Expo. 
Come for the definitive word on welding and fabricating in the 21st century. 

Plan to attend now using this V.I.P. Success Pass. 



2000 AWS International 
Welding and Fabricating 

Exposition 
How to Register: 

1. To register, bring this card to the onsite AWS Registration at Chicago's McCormick Place. 
2. Without this card, admission to the 2000 AWS hiternational Welding and Fabricating Exposition will be $25 ($20 for AWS members). 
3. Children under the age of 12 are not allowed on the show floor; children 12-16 must be accompanied by an adult. 
4. Show hours are 8:30 a.m. - 5:30p.m., Wednesday and Thorsday, Apri126 & 27; 8:30 a.m. . l:OO p.m., Friday, 

April 28, 2000. 

FREE Admission to 
the 2000 AWS Expo. 

In order to process your complimentary registration, we need this information: 

Last Name First Name Initial 

Home Street Address 

City. 

Sate/Country. 

Company. 

ZIP Code 

Company Street Address 

City. 

State/~un~. ZIP Code 

Telephone Fax 

e-mail Birthdate 

Years of Welding Experience 

you an AWS member? [3 yes D no 

Are you, or is your company, a distribmr? [] yes []  no (if"yes" call for more V.I.P. Passes) 

Would you also like to receive the Advance Program for Chicago? (All AWS members automatically receive the Program) [] yes []  no 

TYPE OF BUSINESS (Check ONE only) 
A [3 Contract construction 
B 13 Chemicals & allied products 
C [3 Petroleum & coal industries 
D [3 Primary metal industries 
E [3 Fabricated metal products 
F [3 Machinery except elect. (incl. gas welding) 
G [3 Electrical equip., supplies, electrodes 
H [3 Transportation equip. - -  air, aerospace 
I [3 Transportation equip. - -  automotive 
J (3 Transportation equip. - -  boats, ships 
K [3 Transportation equip. - -  railroad 
L [3 Utilities 
M [3 Welding distributors & retail trade 
N [3 Misc. repair services (incl. welding shops) 
0 Q Educational Services (univ., libraries, schools) 
P [3 Er~ir:eenng&architec'eJraJ~(incl.assns.) 
Q [3 Misc. busiressserwces(incl.corrrnec~labs) 
R [3 Government (federal, state, local) 
S [3 Other 

JOE CLASSIFICATION (Check ONE only) 
01 [3 President, owner, partner, officer 
02 [3 Manage;, direc~i, supenntende~ (or assis~:e~) 
03 [3 Sales 
04 [3 Purchasing 
05 [3 Engineer - -  welding 
20 13 Engineer - -  design 
21 [21 Engineer - -  manufacturing 
06 [3 Engineer - -  other 
10 [3 Architect designer 
12 [3 Metallurgist 
13 [3 Research & Development 
22 Q Quality Control 
07 (3 Inspector, tester 
08 13 Supervisor, foreman 
14 [3 Technician 
09 Q Welder, welding or cutting operator 
11 13 Consultant 
15 [21 Educator 
17 [3 Librarian 
16 13 Student 
18 [21 Customer Service 
19 UI Other 

YOUR TECHNICAL INTERESTS 
(Place number on line in choice order: 1-2-3, etc.) 
A F e r r o u s  metals 
B A l u m i n u m  
C N o n f e r r o u s  Metals except aluminum 
D A d v a n c e d  Materials/Intermetallics 
E C e r a m i c s  
F H i g h  Energy Beam Processes 
G A r c  Welding 
H B r a z i n g  and Soldering 
I R e s i s t a n c e  Welding 
J T h e r m a l  Spray 
K C u t t i n g  
L N D T  
M S a f e t y  and Health 
N B e n d i n g  and Shearing 
0 R o l l  Forming 
P S t a m p i n g  and Punching 
Q A e r o s p a c e  
R A u t o m o t i v e  
S M a c h i n e r y  
T M a r i n e  
U P i p i n g  and Tubing 
V P r e s s u r e  Vessels and Tanks 
W S h e e t  Metal 
X S t r u c t u r e s  
Y O t h e r  
Z A u t o m a t i o n  
1 R o b o t i c s  
2 Computer iza t ion  of Welding 
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Our Wire Qual i ty Improves Your Product iv i ty  
• Patented Feedability Produces a Stable and Uniform Arc Which Minimize Burnbacks 

• Precise Diameter  Tolerance (1/lOth of AWS A5.10) Insures Consistent Weld Characteristics 
• Controlled Cast and Pitch Insure Accurate Electrode Placement 

• Smooth Clean Surface for X-Ray Quality Welds 
SEE US AT AWS SHOW BOOTH 916 

AlcoTec is the aluminum welding technology leader. 
Contact us to help with your aluminum welding applications. 
web: www.alcotec.com e-mail: sales@alcotec.com 1-800-228-0750 

Cirole No. 8 on Reader  Info-Cerd 



AOK Controls Engineering, Inc. 
AWESCO 
Edward Aarne 
Accurate Arc Industrial construction 
Miuri E. Acevedo 
Cad Adams 
Francis E. Adams 

Air ~q~de America co~mon 
Air Products & Chemicals, Inc, 
Aladdin Welding Products, Inc. 
Bruno L. Alia 
Doughs M. Allan 
Richard L. Alley 
Amatm's Welding 
American Filler Metals company 
American Institute of Steel Construction, Inc. 
American Welding Sodety 
Andersen Machine & Welding 
Anonymous 
Jim Appledom 
Arc Gas Products, Inc. 
Archer Tool CO. 
Richard L Am 
Roman E Arnoldy 
Theodore Ashton 
Eileen Astwood 
Bernhard J. Bastian 
Nancy Batista 
Hil Bax 
Robert F. B a ~ r  
Colleen Beem 
Franklin R. Bell 
Mark D. Bell 
Harrell E. Bennett 
Boris A. Bemstein 
Donald C. Bertossa 
Irving G. Betz 
Gait ~yer 
James S. Bickel 
Dennis Bfleca 
Blaksley & Associates 
Charles Blesh 
Michael Bock 
Edward R, Bolmrt 
Shirley W. Bollinger 
Jullo Borges 
Jennifer Bossinger 
Karleen Bourne 
D. Fred Bovie 
Harvey R. Brandt 

Chris Brigman 
Clement E Brown 
Walter G. 
William E. Buchalew 
Joseph c. Bundy :~-" 
James M. Burdic 
CarolBurk~ 
Cassie Borrell 
CD Products. Inc. :~:' 
Dehbie Co.david 
Armando Oanpana 
Iris Campana 
Hardy Campbell 
Sharon Campbell 
Susan Campbell 
Nancy M. Carlson 
Bar~T.Cmer 
Joann Cas~o 
Centers Welding CO . . . . .  ~ 
itorace Chaflte 
Zaida Chavez 
Chemalloy comp~ Inc . . . .  
Richard W, Chislea 
Robert J, O~'istoffel 
Joseph Olli 

colhdo 
Benjamin comfort ..~ 
Compressed Gas Supply 
martha Concepcion 
~dyj. Coons 
D.C.Cramm 
David C, Crawford 
Gerald R.Crawmer . /  
~ogenic Construction, Inc. 
j~ Conmgham 
The Dallas Convention & W~itors Bureau 
~. & irs.J. E Demmann 
Jack & Jo namman.n 
Dan's Welding & Fabricating Inc. , 
Andrew Davis 
Richard J. Davis 
Thomas L. Davis 
Nancy A. D'Azevado 
Oscar de Buen 
Lisa dela Torre 
Cl~rles T. Deary 
Frank G. Ddaurier 
Jaime DeLaurier 
Don H. Delk 
Diamond Fab 
David niaz 

Paul B, Dickerson 
James U. Oreisbach 
Dressd W e l ~ , i ~ :  .~ 
AleiJ. Duschere 
Thmas W, Hear 
tLmy W. Ebert 
G. S. Ecker 
rdgcomb letals Co. 
~learon Beam ~ e e ~  ~ ,~  
F, Iliott Company 
GaryC. mort 
Robert A. F21ison 
Falcon Steel Company 
Richard E. Farmer 
Charles Fassinger 
Federation of Materials Societies 
Rosa Fernandez 
The Fibre-Metal Products Company 
Alfred E Fleury 
J. R, Franklin 
Jolm Franquiz 
Fray Wdding Co., Inc. 
Richard D. French 
Fristam Pomps, Inc. 
Fritz Culver. Inc. 
Danny Garnica 
Lea Garrigan 
Mark n. Gartner 
John er 
Sam Geller 
George Brenseke Wdding & Ironworks, Inc. 
John M. Gerkea 
Faviz Gibbons 
Gibson Tube. Inc, 
Malcolm T, Gilliland 
Gerard A. Gix 
Dorcas Gomles 
LizeU Gonzales 
mih~Gomles 
Gravity Works, inc. 
James Greer 
Justo E. Guerra 
Gullco hternational. Inc. 
Rakesh Gupta 
Dean O. lhmbleton 
Nick Hamers 
Donald E Hastings 
Larry C. fleckendorn 
Steve Hedrick 
Jack D. lteikldnen 
Norman R. ltelto~ 



ESAB 

John M. Hercher 
Albert Hermida 
Lure Hermmdez 
Sara Hernandez 
Neida HetTeta 
Walter Herren 
Tun He,ton 
mgh Purit,]~ 
Susan Hopkins 
Robert V. Itorst 
David G. Ho~lea 
Richard A. Huber 
Huber Supply Co., ~nc. 
J~ Hufsey 
Jesse L Hunter 
Hyp~erm. Inc. 
lllinois Tool Works F o ~  
Independent Can Company 
Industrial Air Products, Inc. 
weslq mgo 
The Irene E. & George A. Davis Found=i~ 
J. w. liarris company, Inc. 
Jablonski Wdding Service 
Donald K. Jackson 
Jackson Welding Supply Co., Inc. 
James C. Dawes Company, Inc. 
Joseph W. Jdlison 
Cynthia Jenney 
Mary Ruth Johnsen 
Michael A. Johnson 
llugh M. Joins 
Geor,gel~..l~ 
Claudia B. Eaufman 
Richard D. Kelhm 
Kenneth D. Kdly 
Joh.Xemedy 
Ken's Wdding +: :  - 
Michael D. Kersey 
JmesF.~ 
~rlllm mg 
Bud Kinnebmw 
Kirk Foundation 
Neil P,. I~xh 
Kobdco Wdding of ~merica, Inc 
D=im J. Kotecki 
Kenneth ~ l~k 
Melvin Kulp 
Lee G. I~dahl 
Famud ~ 
RoyC. lanier 
James I. hdfford 

Ruben tara 
Gene E. & Bette M. hwson 
Gecald G. Le~mm 
Ernest D. Levert 
Marilyn tevine 
margie Lewis 
PaulA. Lippnek ':~ 
Mitchell ]. Liro "~ 
Harold M. Long ~:~: 
:~n Lopez 
PeterLoseke , 

Frederic g ~ 
Tania Lyter 
M.J. Moran, Inc+ 
~ Products, Inc. 
Machin~ & Wdder Corporation 
Robert C. madd=:~: ii 
Gricdda mamlich' ~ 
August E Mare 
Billy L iarilt 
Marsh Ceramics 
Martin Teclmology 
Calh? Maschinot 
M_msuo Bridge Com~, 
Victor Y. matthews 
Rhenda Mayo 
miner, mcau#m 
John s. Mc~ghm 
JolmJ, M ~  
Mario V. Medrano 
Robert M. Mehalso 
Jused Melian 
Robert W. Messier 
~rge  J. Meyer 
Chrisline M. Michads 
Miller Electric Mfg. Co, 
Mary Ellm Mills 
Mississippi Welders Supply Co,. Inc. 
Coleen Mitchell 
Edward Mitchd] 
Doris Moore 
Leroy Morales 
Jackie W. Morris 
Motmlm Enterprises, Inc. 
Thomas M. Mustaleski 
k W'dliam Myers 
Glenn M. Nally 
NASCO, Inc. 
Barb Jo Nelson 
JudyNevim 
~rris Cylinder company 

Hidail Nunez 
Bill Oates 
Annette O'Brim 
Rosdinda O'N~ 
DdOlsen 
George Ospim 
John Ospina 
Terri Over : 

Nelly Perez 
TeresaPem 
Anna Petrosld 
fferd, Inc. 
Ronald C. Pierce 
Vickim~ky 
Christopher Pollock 
~m Potter 
Sazdhia Prado 
Jorge I. Puchaieeh 
Geoffrey H. Putnam 
RblC2 Mechanical Sptems 
Wendy Sue Reeve 
Oren E Reich 
Harry E Reid 

L Remus 
Roberts Oxygen Company, Inc. 
Gisdle Rodriguez 
Leidy Rodriguez 
Osvaldo Rodnguez 
Theodore G. Rotary 
Vkgilio L. Rubiano 
Alice Rudd 
SELECT-ARC. Inc. 
Glad~ Santana 
Emanud L Sanlora 
Robert J. Saxton 
Bob Mmeider 
~me~l E Scordato 
James A. Seydd 
Shawnee Steel & Welding, Inc. 
Thomas A. Siewert 
Gerald E. Simoneau 
John J. Sisk 
Gerald M. Slaughter 
Jeffrey E. Sol~ 
Star-Glo Industries, LLC 
State Line Machine, Inc. 
~ling Consdtant 
Cay~Sumvm 
T. G. Young Contracting, Inc. 
Christine Tarafa 

Frank Tarafa 
RobertJ. Teuscher 
Thermadyne Holdings Co.ration 
R. O. Thomas 
Robert V. Thornton 
l"db~ Constructors 
Freddy Tortes 
Triad Nondestructive Testing, Inc. 
Trinity lndmtries, Inc. 
Chris Tullos 
Jose Urma 
Katherine Valarezo 
Ronald L. Vann 
Wade Van Vranken 
Juan Vazqun-Rivera 
Martica Vemm 
Michael S. Veszpremi 
Ndson Wall 
CT.Ward 

David E. Weart 
Jeffrey Weber 
Dehrah Weir 
Welding Metals, Inc. 
Wddstar Compmy 
Michad L Weller 
Emmett Wemp 
Leonard D. Welt 
Weslor Enterprises. Inc. 
ehflh'p 1~ White 
Thomas White 
Linda Williams 
j. Frank Wilson 
Amos O. ~msand 
Robert B. Witherdl 
Paul Wittenbach 
Wolverine Bronze Company 
Howard Woodward 
David Wurtz 
Wyandotte Welding Supply, Inc. 
Yard Enterprises 
N ~  Zapata 
Ny~ Zeno 
Zimkor Industries, Inc, 
Michael W. Zimmerman 

AWS Sections that 
participated 

A~h 
Arrowhead 
Ad~. 
Chauanoop 
D~on 
Ddaw~e 
East Texas 
N~mcy M, Carlson for r, ast~ tdal~m,'ma 
Green & White Motmtains 
Houston 
Inland Empire 
lake,shore 
Long Beach/Orange County 
Lmsv~ 
Maine 
Mobile 
New Jersey 
~Orleans 
~rtheag ~s ip l~  
Northwest 
Olin-Bradford 
academy ~ricators for Ozark 
Philadelphia 
msburgh 
Portland 

louis 
San Antonio 
San Femando Valley+ 
Louis De Freitas for Santa Clara Valley 
Shreveport 
Spokane 
Southern Colorado 
Upper Peninsula 
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CONTRACTION RINGS 

SELECT PROPER 4" S O C K E T  W E L D S  
SIZE GAP-A-LET 

" CONTRACTION RING. The C o m m o n  S e n s e  
A p p r o a c h  to  Ouick, Ba le  

S o c k e t  Welds  

INSERT 
s GAP-A-LET 
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RING INTO 
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W i t h o u t  M e a s u r i n g ,  
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C o n t r a c t i o n  Rings 
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News of  the Industry 

Technology Abounds at METALFORM 2000 

T 
he staccato sound of a turret punch press was the beck- 
oning call for metal fabricators to enter through the doors 
of the Nashville Convention Center and enjoy METAL- 

FORM 2000. Here they were tempted with the latest technol- 
ogy in stamping and punch presses, coil handlers, press breaks, 
tool and dies, die lifters and rollers, stackers and destackers, 
spinners, lubricants and electronic sensors. The premier expo- 
sition of the Precision Metalforming Association attracted 6700 
attendees who viewed the displays of 306 exhibitors from Feb. 
13-16 in Nashville, Tenn. 

In addition to the exhibits, more than 80 technical sessions 
were offered during the three days. General topics covered in- 
cluded press technology, material handling, electronics and 
sensors, quick die change, lubrication, tool and die, assembly 
and fastening, roll forming, fabricating and welding, emerging 
technologies and improving the metalworking environment. 

Issues with Tailor-Welded Blanks 
Stanley Ream, a senior corporate project manager for Wor- 

thington Industries, made a presentation on tailor-welded blanks 
from a die stamping perspective. He 
noted that today the technology is 
strictly being used in the automotive 
industry, but its use is growing. There 
will be 35 million tailor-welded blanks 
stamped in North America in 2000, 
and that level is estimated to increase 
to 90 million by 2005. 

The two main processes used are 
mash seam and laser beam welding, 
with lasers dominating overall. Av- 
erage length of the blank is 1.2 m 
and the average production per laser is 555,000 blanks per year. 
Presently, there are 13 suppliers of welded blanks, many of 
which are less than two years old. 

Tailor-welded blanks offer components such as door inners 
the distinct advantages of higher stiffness, reduced weight, re- 
duced set and sag, fewer stamping dies, improved fit, enhanced 
crash energy management and overall lower manufacturing 
costs, but they present unique problems to the metal stamping 
operation. Since the blank commonly consists of two and three 
different thicknesses, along with different strength levels, the 
die design becomes a challenge. It must accommodate the dif- 
ferent thicknesses, it must be sensitive to gauge and blank di- 
mensions and the blank must be more precisely positioned on 
the die to obtain the desired shape. Also, failure analysis be- 
comes much more complicated because of the different 
strength levels. If the strength variations are too great, the blank 
cannot be properly formed. 

Design of where the weld interface falls should take into ac- 
count the stamping operation. A linear weld interface is desired 
and should be placed where it will not interfere with fastener 
locations. There is also a tendency for the weld interface to 
move to the thicker part in the stamping operation. The higher 
the ratio of thickness the greater the movement. This concern 
requires a well-designed, as-received welded blank and great 
accuracy in positioning the die. The weld should not fall in a 
sharp draw radius. A quality issue also arises if problems such 
as cracking, porosity, concavity or mismatch occur along the 

weld interface. Is this a stamping issue or a welding problem? 
Acceptance criteria developed by the Auto/Steel Partnership 
offer help by illustrating and describing an acceptable weld 
from the perspective of the stamper. 

Material handling is another issue with tailor-welded blanks. 
Since different thicknesses make up the welded blank, the fin- 
ished sheet does not lay flat. When multiple sheets are stacked, 
the bundle becomes lopsided. This condition makes shipping 
difficult. The stack must be carefully banded to the pallet or 
sheets may slip off or shift during transport, and once in the 
manufacturing facility, an automated destacker may have diffi- 
culty handling the uneven stack. 

The Future of Manufacturing 

Tailor-welded blanks offer distinct 
advantages for components, but 
they present unique problems to 

the metal stamping operation. 

George Keremedjiev, president, Tecknow Education Ser- 
vices, Inc., foresees new technologies on the horizon for mak- 
ing dies and molds. He detailed a futuristic manufacturing 
process known as laser engineered net shaping (LENS), which 
is being developed at Sandia National Laboratory. 

This process uses a computer-controlled laser to precisely 
heat a work surface. Extremely fine powders of various materi- 

als are then transported by a nitro- 
gen gas to the surface where they 
are melted by the heat of the laser. 
One layer at a time is produced until 
the desired net shape is achieved. 

The advantages of this process 
are the production of very dense 
products, with no holes or porosity, 
and the ability to mix different ma- 
terials into one object. Ceramic ma- 
terial can be layered with metals or 
different metals can be combined, 

such as tool steel with nickel alloys or stainless steel. The 
process is being refined to improve the dimensional accuracy 
of the final product and eliminate the slightly corrugated finish. 
Companies such as Eastman Kodak, 3M, Lockheed Martin and 
Optomec are interested in perfecting the process. Optomec, a 
small Albuquerque, N.Mex., company, has indicated it is work- 
ing on a commercial introduction of LENS. It proposes to 
"grow" a variety of sample parts to demonstrate the process to 
potential customers. 

Speculating that this may be the tooling method of the fu- 
ture, Keremedjiev emphasized that tomorrow's toolmaker must 
be computer literate, comfortable with mathematics and 
physics, and able to embrace new technology. 

See It All Next Year 

Next year the metalforming technology that is the heart and 
soul of METALFORM will be on display alongside the welding 
and cutting technology that has made the AWS International 
Welding and Fabricating Exposition the premier annual event 
in the welding industry. This combined show will exhibit under 
a single banner from May 6 to 10, 2001, at the I-X Center in 
Cleveland, Ohio. It is estimated the combined presence will at- 
tract 1000 exhibitors and more than 40,000 attendees. A single 
registration will offer the full breadth of metal fabricating tech- 
nology on exhibit and make available attendance at all the tech- 
nical sessions - -  Andrew Cullison, Editor. 
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Laser System Welds Giant 
Fermantation Tanks 

When Landaluce S.A., Torrelavega, Spain, needed to make 
long, straight, precise welds to build a 200,000-gal beer fer- 
mentation tank, it found its solution with a modified laser weld- 
ing system from Prima Industrie S.p.A., Turin, Italy, the parent 
company of Prima U.S. in Farmington Hills, Mich. 

The tanks, which are used for controlling the fermentation 

A C02 laser welding system was developed to weld this fer- 
mentation tank, capable of handling 200,000 gal of beer. The 
tank measures 49 ft in diameter and is 75 ft in height. 

process, are approximately 49 ft in diameter and 72 ft in height. 
The base structure consists of 0.2-in.-thick AISI 304 stainless 
steel sheet. Sheets measuring 39 ft 8 in. long x 5 ft wide are 
welded together and then rolled to form a half cylinder. Two 
halves are then welded together to form the completed cylin- 
der; additional sections are added laterally to achieved the de- 
sired tank length. On the outside of the cylinder, 0.06-in.-thick 
AISI 304 corrugated stainless steel sheets are clad to the base 
cylinder. The corrugations have a rise of about Y~ in., are 2 in. 
wide and 37 ft 8 in. long. The sides on each of the ten corru- 
gations on the sheet are welded down over the base sheet to 
form tubes that will contain conditioning fluid to control tem- 
perature. The length of the weld to attach these sheets is more 
than 37 ft long and there are 11 welded joints per section, 
which translates into more than 400 ft of welding. 

Prima adapted a Platino 1530 CO2 laser welding system for 
this application. Equipped with a 2500-W laser generator and 
a special NC table that moves on the X axis, the setup had to 
hold and move the metal sheets, which are longer than the X 
stroke of the machine, for welding. In addition, a set of tracks 
was fabricated to move the parts back and forth under the laser. 
The standard cutting head was replaced with a welding head, 
and a fume extractor was attached to the head of the machine 
instead of the bottom of the table. In addition, a protective wall 
was put up on each side of the machine's safety cabin. 

Excluding loading and unloading, cycle time to weld the 
tanks is now 1 ~,~ h. 

National Engineering Honor Society Names 
Top Engineers and Engineering Achievements 

Tau Beta Phi, the National Engineering Honor Society, re- 
cently named the top ten engineers and engineering achieve- 
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ments of the 20th century. Nearly 90,000 members, who sub- 
scribe to the organization's quarterly publication, The Bent, 
were asked to submit their choices of notable engineers and en- 
gineering achievements that profoundly impacted technology 
during the last century. 

The top engineers of the 20th century named are, in order, 
Thomas A. Edison, Orville and Wilbur Wright, Henry Ford, 
Wernher von Braun, William B. Shockley, Charles P. Steinmetz, 
Lee deForest, George W. Goethals, Herbert C. Hoover and 
Hyman G. Rickover. 

The top engineering achievements identified are, in order, 
Apollo program and moon landing (1960s), airplane (1903), 
digital computer (1941), transistor (1947), television (1939), 
Manhattan project - -  nuclear weapon (1945), Panama Canal 
(1914), integrated circuit (1959), jet engine (jet plane) (1941) 
and communication satellites (1962). 

Tau Beta Pi recognizes engineering students of superior 
scholarship and exemplary character and honors eminent prac- 
titioners of engineering. Founded at Lehigh University in 1885 
and now headquartered in Knoxville, Tenn., it has 220 colle- 
giate chapters and 14 alumni chapters through the United 
States. 

Automakers Increase Their Use of Advanced 
Steel Technologies 

In the two years since the global steel industry unveiled its 
UltraLight Steel Auto Body (ULSAB), automakers have in- 
creased their use of the advanced technologies demonstrated in 

Prototype designs for a European C-class three-door car and a 
North American PNGV-class vehicle, part of the ULSAB Ad- 
vanced Vehicle Concepts program. 

the ULSAB, according to the American Iron and Steel Institute 
(AISI). The primary technologies that have shown up in new ve- 
hicles are the use of high- and ultrahigh-stength steel, tailor- 
welded blanks, hydroforming and laser beam welding. These 
technologies help reduce weight in automobiles, which, in 
turn, increases fuel economy. 

"We see abundant technologies in the vehicles they have put 
on the road since we unveiled ULSAB in March 1998," Darryl 
C. Martin, senior director, Automotive Applications, AISI, said. 

Examples of current vehicles using these technologies in- 
clude the Ford Focus, which uses high-stength steel for the body 

~ANUFACTURERS OF CORED WELDING WIRE AND STICK ELECTRODE.. ¢ 

We have been told that we are the best-kept secret in the welding industry. In an 
effort to correct this situation we advise that: 

WE MAKE 
Stainless Cast Iron Cobalt  AISI Nickel 

410N iMo  FC 3 3 %  Ni 1 4130  ENiCrFe-2  
502  FC 5 5 %  Ni 6 4 1 4 0  ENiCrFe-3  
505  FC 9 9 %  Ni 12 4340  EniCrCoMo-1 
E2553  FC 21 ERNiCrMo-3  
E2209  FC 2101 ERNiCr-3  
E630  FC 
904L FC 

THE ABOVE ARE JUST A FEW OF THE CORED WIRES THAT WE MAKE. FOR MORE 
INFORMATION CALL: 

Circle No. 3Y on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 1054 
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structure and exterior body panels; the Jeep Grand Cherokee, 
which uses nine tailor-welded blanks, four of which are in the 
body structure; the Buick Park Avenue and Cadillac Seville, for 
which General Motors uses hydroformed roof rails; and Volvo, 
BMW, Volkswagen and Mercedes, which all use laser beam 
welding in the roofs of vehicles. 

The ULSAB project is continuing. The goal of the Advanced 
Vehicle Concepts program is to design a family of compact ve- 
hicles suitable for 2004 and beyond (see figure). According to 
AISI, vehicle styling influences body structure, closures, pack- 
age, electrical components, aerodynamics and mass. Design- 
ers at Porsche Engineering Services' Styling Studio in Hunting- 
ton Beach, Calif., developed two variations of one basic design, 
a European C-class and North American PNGV-class. Further 
information is available on AISI's Automotive Applications 
Committee's Web site at www.autosteel.org. 

Nooter Fabricates Vessels for Delta IV 
Launch Complex 

Nooter Fabricators, Inc. (NFI), St. Louis, Mo., recently deliv- 
ered 14 high-pressure, gaseous nitrogen and helium storage 
vessels for the Delta IV Launch Complex ground support sys- 
tem at Cape Canaveral Air Station, Fla. 

"The 300 cubic foot vessels, designed per ASME (Boiler and 

Nooter Fabricators, Inc., recently delivered 14 high-pressure 
vessels made of 6-in.-thick, high-strength carbon steel to the 
Cape Canaveral Air Station in Florida. 

Pressure Vessel Code) Section VIII, Division 2 for 6600 Ib/in3, 
are fabricated from 6-in.-thick SA-737 Grade C high-strength 
carbon steel," Mike Bytnar, NFI president, said. The vessels, 
which weigh more than 100,000 Ib each, will be used in the 
purging of fuel lines before fueling the Delta IV launch vehicles, 
as well as to store high-pressure gases. 

The Delta IV family of launch vehicles is Boeing's entry into 
the Air Force's Evolved Expendable Launch Vehicle (EELV) pro- 
gram. The EELV program aims to reduce space launch system 
costs by up to 50% from today's rate of approximately $12,000 
per pound of payload to orbit. 

T h e  new d i m e n s i o n  of H igh 

Center ing  Pins for Resistance Weld ing 

Tech C e r a m i c s  

Electrically In 
Anti Sticking 
Impact Tough 
Flexural Stro, 
Ultra Hard 

now replaces former common steel- and ceramic pins! 

Flexural Strength MPa 1300 
Compressive Strength MPa 3000 
Impact Resistance MPa m l/2 12 
Vickers Hardness HV 0,5 I 150 

Maximum Use Temp. °C 1000 

DO-Ceram GmbH 
Hesslingsweg 65-67 
D-44309 Dortmund, Germany 
Phone +49 (0)231 / 92 50 25 - 0 
Fax +49 (0)231 / 92 50 25 - 70 
E-Mail do-ceram@t-online.de 

SEE US AT AWS SHOW BOOTH 343 
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Cutting System Drive Component 
Offers High Transfer Rate 

The Avenger 1 gantry shape-cutting 
system offers a transfer rate of up to 750 
in./min. It incorporates Yaskawa AC 
brushless motors with digital drive am- 
plifiers, coupled directly to planetary 
gearboxes. The selected gearbox limits 
maximum backlash to 5 arc minutes 
(0.0011 in.). The resolver used for posi- 
tioning feedback is integral to the drive 
motor. Supporting decks have also been 
upgraded with thicker steel to increase 
the machine's stiffness-to-mass ratio. 

ESAB Cutting Systems 
411 S. Ebenezer Rd., Florence, SC 29501 

2 0 2  

Portable Power Source Offers Versatility 

The Champion 10,000 engine-driven generator/welding machine is suited 
for farming, maintenance and repair, general construction and emergency 
power generation applications. It is an all-in-one AC generator/DC welding 
machine that enables users to take their own power to a job site where elec- 
tricity is not available. With its 230-A DC welding power source and 10,000 W 
of auxiliary power potential, it gives users the ability to weld or the power to 
keep needed equipment running during an electrical outage. The unit is about 
3 ft long and weighs less than 440 lb. It is designed to provide a smooth arc 
for shielded metal arc welding, constant-current flux cored arc welding and 
scratch-start DC gas tungsten arc welding. The machine's front has a single 
welding control knob and an amp selection guide. Customers may choose be- 
tween a Kohler and Onan gasoline-powered, 20-hp overhead valve engines. It 
has a 10-gal fuel tank and requires oil changes every 100 h of operation. 

L~obart Brothers 200 ~ W. Main SL, Troy, OH 45373 

Interface Connects GTAW 
Machines to Automation Controls 

The Automation Interface Connector, 
an external, ten-pin amphenol, connects 
gas tungsten arc welding machines to 
automation controls. Available on the 
Maxstar 300 DX and Dynasty 300DX, 
the connector is designed for plug and 
play with the company's alliance mem- 
bers, Jetline and Pandjiris. There are six 
features provided: an arc detect, emer- 
gency stop, pulsed lockout, start/stop, 
gas control and an end-of-weld se- 
quence. Arc detect sends a signal out of 
the power supply indicating a valid arc 

condition has been established. If some- 
one is in the way or the parts are not 
lined up, emergency stop immediately 
stops the power supply and the arc will 
go from weld current to contactor off; 
gas continues to flow. Pulsed lockout al- 
lows system integrators to connect an 
arc voltage control (AVC) to the connec- 
tor and will lock out peak commands, 
so the AVC is not hunting while going 
through the pulsing cycle. End-of-weld 
sequence allows system integrators to 
know when the end-of-weld sequence 
has been reached. 

Miller Electric Mfg. Co. 
1635 W. Spencer St., Appleton, Wl 54912 
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Work Cell Handles Medium-to- 
High Part Volume 

The Versa DST is a dual-station swing 
table robotic welding and cutting work 
cell that handles medium-sized parts and 
medium-to-high part volumes. The unit's 
table dimensions are 43 x 24 in., with a 
weight capacity of 250 Ib per table. 

Common applications include automo- 
tive components, lawn and garden com- 
ponents and office furniture. The unit 
has a compact design that features a uni- 
tized base. Its common robot and posi- 
tioner base means programs do not re- 
quire touch-up if the system is relocated. 
Installation involves hooking up air and 
power. A safety package is included. 

Genesis Systems Group 
8900 Harrison St., Davenport, IA 52806 
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Sling Provides Secure Grasp on 
Gas Cylinders 

The BoaGrip TM gas cylinder sling is 
an adjustable tool for gripping, carrying 
and suspending compressed gas cylin- 
ders. It also complies with OSHA 1910- 
102(a) for safe handling of compressed 
gas cylinders. The sling is made of nylon, 
and has a sewn eye at one end and an 
oblong steel ring at the other. The sewn 
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eye fits through the ring to form a lasso. 
The sling's inner surface is lined with 
polymer grippers. When the sling is 

to hold the sling. The sling adjusts to ac- 
commodate cylinders 4-14 in. in diam- 
eter. 

Safe Shop Tools, Inc. 
P.O. Box 4206, Missoula, MT 59806 
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Boiler Beveling Machines 
Are Portable 

The company's boiler-tube beveling 
machines offer reduced size and weight. 
They prepare for welding boiler tubes 
from 0.69-in. inside diameter to 4.5-in. 
outside diameter, and up to 0.500-in. 

Sensor Monitors 
Weld Force Currents 

The platen-style WeldThrough Sen- 
sor monitors and fires weld force cur- 
rent at preselected force limits while si- 

slipped over a cylinder and pulled tight, 
the grippers are forced onto the cylin- 
der's surface, holding it tight and allow- 
ing it to be lifted onto devices such as 
welding or cylinder carts. An extension 
bar on the sling's steel ring prevents it 
from binding or bunching when pulled. 
Typically, a worker can grasp the cylin- 
der cap with one hand and use the other 

wall thickness. It has minimal side clear- 
ance for use in tight boiler areas. 

The E. H. Wachs Co. 
100 Shepard St., Wheeling, IL 60090 
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multaneously monitoring secondary 
current and cooling water temperature 
for further quality control. This version 
of the multifunction sensor is designed 
specifically for projection welding ap- 
plications and measures welding force, 
current and cooling water temperature 
during each weld. The platen style 
matches the hole pattern of the standard 
RWMA platen electrode holder and in- 
cludes standard water cooling ports. The 
sensor can replace existing electrode 
holders on many projection welding sys- 
tems and, integrated with appropriate 
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instrumentation, can provide relay con- 
tacts to control the weld process or pro- 
vide downloaded data to track process 
parameters. 

Sensotec, Inc. 206 
2080 Arlingate Ln., Columbus, OH 43228 

Clamp Designed to Hold On in 
Tight Spots 

The Strong Hand cantilever clamp is 
designed for clamping in tight areas.The 
screw assembly is located on the back 
of the clamp, away from the work area, 
for clear access. Designed for flexibility 
in welding applications, the screw as- 
sembly can slide offthe clamp arm and 
be reversed for either pushing or pulling 
action. The clamping pad pivots freely. 
An optional V-shaped clamping pad pro- 
vides extra gripping of round work- 
pieces. All clamps are replaceable. It is 
made of heat-treated steel with a nickel- 
chrome plating that resists contami- 
nants. It is available in 12-, 24- or 40- 
in. capacities, with clamping pressures 
of 1850 lb. 

Good Hand, Inc. 207 
720 S. Vail Ave., Montebello, CA 90640 

Stud Welding Machine Features 
Multi-Gun Capability 

The ABC stud welding machine has 
multi-gun capability as an optional fea- 
ture. It allows the user to set up as many 
as four guns. Users can welding up to 

four different sizes and types of studs. 
The unit measures 26.9 x 25.9 in. The 
company offers three-phase units of 
1200 or 2000 A. Users can upgrade as 
needed. 

Image Industries Inc. 
382 Balm Ct., Wood Dale, IL 60191 

208 

Regulator Designed for 
Noncorrosive Acetylene Service 

The Model 202-510A single-stage 
pressure regulator is constructed of brass 
and is recommended for noncorrosive 
acetylene service. The regulator features 
a neoprene diaphragm that permits ac- 
curate delivery pressure settings. An out- 
let needle valve provides flow control 
while a sintered metal filter in the seat 
assembly traps foreign particles. 

Scott Specialty Gases 
6141 Easton Rd., Plumsteadville, PA 18949 
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Positioners Holds Magnetic and 
Nonmagnetic Material 

MagSquare TM positioners, through 
creative use, can hold both magnetic 

. . . . . . . . . . . . . . . .  - : • + P R O - C U T T E R  + +  ..... 

~ "+' The Pro-Cu~er can be used for flame and plasma cumng, 
. . . . . .  ~ ~:: ........................ Each Pro-Cu~er comes "~th o ~ o f f  magnets for easy set-up 

' and positive positioning on magnetic material 

M O D E L  25  
SINGLE STAGE REGULATOR 
The Model 2 5 regulator is the 
workhorse of the Harris regulator 
line. A time proven design for 
those who want an economical, 
high performance regulator. 

)DEL 98 -6  
INE CUTI'ING TORCHES 
ed and dependable, these machine cutting torches 
designed to handle all types of machine cutting 
~plications with up to 8" cutting capacity. 
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and nonmagnetic material. By sand- 
wiching plate steel, aluminum or stain- 
less between the double-L-shaped mag- 
nets, the positioners effectively hold all 
types of material at a 90-deg angle. The 
positioners require no power and fea- 
ture up to 245 Ib of pickup holding 
power, depending on the model. They 

are available in a variety of sizes and 
configurations. 

DetroitToolWorks.com 
37682 Radde St., Clinton Township, MI 48036 
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Batch Soldering Oven Features 
Extended Chamber Width 

Model No. 596 oven is an electrically 
heated cabinet oven used for soldering 

Engine-Driven Power Source Offers Arc Performance 

The Ranger 250 commercial, engine-driven welding machine/generator offers 
arc performance with Chopper technology. This technology controls the DC weld- 
ing output to create a smooth arc, easy starts, low spatter and good bead appear- 
ance, according to the company. The unit is housed in an enclosed engine case for 
increased safety. In addition, a flip-down door hides less frequently used controls to 

improve the overall appearance of the machine. The 250-A, DC multi-process, gaso- 
line-driven unit can be used for general-purpose shielded metal arc welding (SMAW) 
and pipe SMAW, gas tungsten arc welding, cored wire, gas metal arc welding and 
arc gouging up to 3/,6 in. in diameter. It offers 8000 W or 120 V/240 V AC-generator 
power for powering tools, lights and plasma arc cutting units. The unit comes with a 
choice of engines from Onan and Kohler. 

The Lincoln Electric Co. 
22801 St. Clair Ave., Cleveland, OH 44117 
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www.vantagedustcollectors.com 
IT JUST W O R K S  BETTER. 

Toll Free 877-839-9221 

parts in fixtures. The unit features an ex- 
tended chamber width and four sepa- 
rate front-access doors for loading/ 
unloading of the 46 x 20 x 26-in. 
workspace. Total installed capacity of 
15 kW in Inconel®-sheathed tubular 
heating elements furnish temperatures 

up to 650°F in the aluminized steel in- 
terior. Horizontal air f low across two 
metal shelves processes the workload. 
The four front doors, each with a 20 x 
11 -in. opening, permit independent ac- 
cess to a portion of the workpiece. A 
side-mounted control panel houses the 
indicating temperature controller and 
manual reset excess-temperature con- 
troller. Independent pilot lights indicate 
when the blower and heaters are ener- 
gized. 

The Grieve Corp. 211 
500 Hart Rd., Round Lake, IL 60073 

Face Grooving Tool Inserts Used 
for O-Ring Applications 

LITTLEBIT® face-grooving and shoul- 
der-face-grooving inserts, part of the 
THINBIT line, are available in a variety 
of sizes. All inserts are available in 
widths for common O-Ring applications 

SEE US AT AWS SHOW BOOTH 1571 
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- -0 .30 ,  0.50, 0.62, 0.90 and 0.125 in. 
- -  in either DURA-MAX® 2000 or 5000 
carbide. The face-grooving inserts come 
with a major diameter of either 0.300 or 
0.750 in. in a counterclockwise rotation. 
The shoulder-face-grooving inserts have 
the same major diameters and are avail- 
able in either a right-hand or left-hand ori- 
entation with a counterclockwise rotation. 

Kaiser Tool Co., Inc. 
3620 Centennial Dr., Fort Wayne, IN 46808 
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The 24-ft-tall bronze sculpture, II Cavallo, is a modern-day interpretation of the sculpture Leonardo da Vinci designed and planned 
to build for the Duke of Milan. Here, workers position the head and neck section in preparation for bolting from the inside and 
then welding onto the body prior to its unveiling in September in Milan• 
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The Great Master's 
Horse Returns Home 

after 500 Years 

Welding played an important 

role in producing a 

modern version of 

Leonardo da Vinci's 

unfinished masterpiece 

~ n the same tradition of international goodwill as France's gift of the 

Statue of Liberty, the United States recently presented Italy with II Cav- 

allo, the world's largest bronze sculpture of a horse --Fig. 1. The gift hon- 

ors the Italian people for 2000 years of cultural heritage; recognizes the 

horse as a bearer of man and messages for centuries; encourages curios- 

ity, imagination and creativity in youth; and commemorates Leonardo da 

Vinci, the Renaissance's greatest universal 

man. To fully understand the significance of II 

Cavallo (Italian for "the horse"), its history must 

be traced back more than 500 years. 

In 1482, the Duke of Milan commissioned 

Leonardo da Vinci to design the world's largest 

equestrian sculpture. Da Vinci used his keen 

grasp of animal anatomy (Fig. 1 ) to design and 

produce a 24-ft (7.2 m) clay model of his 

planned bronze sculpture. 

Fig. 1 -- Leonardo da Vinci made many 

sketches of  horses in preparation for creating 

II Cavallo (Windsor, RL 12319 r). 

Based on a story from Miller Electric Mfg. Co., 
Appleton, Wis. 
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Fig. 2 -- The sculpture was unveiled at Milan's Hippodrome Cultural Park on Sep- 
tember 10, 1999, exactly 500 years from the day da Vinci's original model was de- 
stroyed. 

But on September 10, 1499, France in- 
vaded Milan and French soldiers de- 
stroyed da Vinci's clay model by using it 
for target practice. The bronze allotted 
for the sculpture was reassigned for mak- 
ing cannons, and the Duke's commis- 
sion was dissolved. Da Vinci was re- 
ported to have wept on his deathbed for 
his unfinished masterpiece. 

Charles Dent, a retired airline pilot, 
read the story about da Vinci's horse in 
an article in Nat iona l  Geograph ic  in 
1977 and conceived the idea to "give 
Leonardo his horse." Dent founded the 
nonprofit organization Leonardo da 
Vinci's Horse, Inc. (LDVHI), and worked 
with sculptors, art historians, da Vinci 
scholars and equine experts to produce 
a modern version of da Vinci's dream. 
The sculpture was unveiled in Milan on 
September 10, 1999, exactly 500 years 
from the day da Vinci's original model 
was destroyed - -  Fig. 2. 

"The whole project is a beautiful 
concept," Peter Homestead said. Home- 
stead is president of Tallix Foundry, Bea- 
con, N.Y., the art foundry that produced 

II Cavallo. "It is a beautiful idea to do a 
modern interpretation of something the 
great master, Leonardo da Vinci, never 
had a chance to see to completion." 

To produce II Cavallo, Tallix worked 
from a design by American artist Nina 
Akamu. Once an 8-ft (2.4-m) model was 
produced, it was put on an enlarging ap- 
paratus that mechanically worked the 
24-ft clay model to scale. Working the 
entire full-size model took one year. 

Molding and Casting 
A "mother mold" of the horse was 

made by spraying the model with liquid 
rubber mold material and then applying 
a half-inch layer of polyester resin and 
fiberglass to the rubber coating for a 
sturdy backing. When it hardened, the 
rubber sections were removed. 

Most of the horse was sand cast. Sand 
casting involves making positive plaster 
castings from the mother mold and plac- 
ing them, one at a time, in an 8-ft steel 
molding box. Next, a sand and binder 
mixture is packed around the section. 

Once the mixture has hardened, the 
sides of the molding box are separated 
and the plaster is removed to create a 
negative image in the sand. The molding 
box is closed again and molten bronze 
(at about 2000°F [1093°C])is poured in 
through pour spouts. When the bronze 
has cooled, the sand mold is broken and 
the result is the bronze casting. 

Lost wax casting was used on the 
more intricate areas, such as the mane, 
tail and face, to pick up small details. 
The lost wax casting process starts by 
coating the rubber molds in wax to 
make wax replicas of the original 
model's parts. The wax parts are dipped 
into a slurry ceramic shell solution and 
coated to % in. (15.87 mm), which hard- 
ens into a mold. To remove the wax, the 
mold is placed in an autoclave, baked at 
1350-1450°F (732-788°C), and the 
wax is burned out. Then the mold can 
be filled with bronze. 

The materials used in casting and 
molding may have changed, but the 
methods have remained somewhat un- 
changed since da Vinci's time. Although 
Leonardo planned to cast the entire 
horse in one piece, experts today say it 
would have been impossible because 
bronze is difficult to keep at constant 
temperature while it flows into the many 
crevices of a large mold. Tallix's experi- 
ence in large metal sculpture dictated 
casting the sculpture in 60 pieces, all 
about 4 ft square (1.2 m) and comprised 
of '/~- to 3/~-in.-thick (6.3- to 9.5-mm) sili- 
con bronze. 

Assembly in the Foundry 
The castings were matched, tack 

welded together and then gas metal arc 
(GMA) welded on the inside of each 
joint using Deltaweld® power sources 
and XRTM-A push-pull wire feeders from 
Miller Electric Mfg. Co., Appleton, Wis. 
The wire feeder was chosen because it 
could reach the most difficult places 
within//Cavallo, sometimes up to 30 ft 
(9 m) from the power source. 

Tallix welders used 0.045-in.-diame- 
ter (1.14-mm) silicon bronze wire (ER- 
CuSi-A per AWS/SFA A5.7) at traveling 
speeds of 60 in./min (1.5 m/min). 

"1'11 bet we used 500 to 600 Ib (225 
to 270 kg) of wire, with a total of about 
one mile of welds," Homestead said. 

Gas tungsten arc welding (GTAW) 
was used on the external sides of the 
joints where cosmetics were more im- 
po r tan t -  Fig. 3. Gas tungsten arc weld- 
ing gives a more attractive weld because 
it produces less spatter and doesn't warp 
or distort the metal. Tallix used Miller 
Syncrowave® 250 GTAW machines 
and Y,6- to 3/32-in.-diameter (1.58- to 
2.38-mm) silicon bronze (ERCuSi-A per 



Fig. 4 - -  A welder uses the GMAW process to attach the 
stainless steel and titanium pole fitted inside two of the 
sculpture's legs to steel plates embedded in the concrete 
pedestal on which it now stands. 

Fig. 3 - -  Gas tungsten arc welds were used on the outside of the 
sculpture for cosmetic reasons. 

AWS/SFA A5.7) filler metal. 
The welds were finished by a process 

called chasing, which blends the welds 
to the "rough rake" texture of the sculp- 
ture and prepares the surface for the 
patina (the chemical that colors the 
bronze) and wax. 

A structural engineer analyzed the 
sculpture and set structural specifica- 
tions based on loads from natural forces 
such as wind and earthquakes, as well 
as the structure's own weight load. From 
those specifications, an armature of 
Type 304 stainless steel was designed to 
support the sculpture from the inside. 
The 3-in.-diameter (7.6 cm) armature 
tubing was cut with a plasma arc cutting 
machine to created a "ribbing" that fit 
the exact curves and dimensions of the 
horse. To gas metal arc weld the arma- 
ture to the bronze skin, Tallix used 
0.045-in.-diameter ERCuAI-A2 alu- 
minum bronze wire. 

The two legs on which the sculpture 
rests were each fitted with an 8-in.-di- 
ameter (20.3-cm), 1-in.-thick (2.54-cm) 
stainless steel/titanium pole that extends 

18 in. (45.7 cm) below the hooves and 
was eventually GMA welded to steel 
match plates embedded in the concrete 
pedestal in Milan - -  Fig. 4. The poles re- 
inforce the 15 tons of weight put on two 
legs - -  12 tons from the bronze skin, 3 
tons from the armature. 

Once the sculpture was completed, 
it was unbolted at the joints connecting 
the seven main parts (head/neck, body, 
four legs and tail) and flown to Milan for 
final assembly at the Hippodrome's Cul- 
tural Park. Three welders, a finisher and 
a patina worker from Tallix traveled to 
Milan to begin the one-week assembly 
on II Cavallo. 

When they arrived, the same power 
sources and wire feeder they had used 
in the United States were waiting for 
them, provided by Miller Europe, which 
has facilities in Milan. 

"We wanted to be sure we were get- 
ting the same weld quality and perfor- 
mance in Milan that we had in the 
foundry, so we requested the same mod- 
els we had at home," Homestead said. 
The same ceramic cups, tungsten elec- 

trodes and wire that had been used pre- 
viously was also supplied. 

Assembly in Milan 
To assemble the sculpture, the 

horse's body was set on its side and the 
four legs were bolted and then welded 
on. Next, the body and legs were lifted 
by a crane, placed upright and set on the 
concrete pedestal. 

The head and tail were lifted by 
crane, positioned and bolted on from 
the inside before being welded onto the 
body (see photo on page 44). Another 
stainless/titanium pole reinforced the 
tail. Once all inside welding was com- 
pleted, the trapdoor on the horse's belly 
was welded shut and finished. To com- 
plete the project, the pedestal received 
a white marble facade. 

Since its unveiling, II Cavallo has re- 
ceived notice from people all over the 
world, including travelers, families and 
school children. To everyone involved 
in the making of II Cavallo, including the 
artists, the LDVHI board and the Tallix 
crew, it is much more than just a sculp- 
tu re. 

"In the future, our culture will be 
studied through the sculptures and arti- 
facts we produce today," Homestead 
said, "just as cultures have been studied 
by their art throughout history." • 



Chicago-. T h e r e ' s  
a W h o l e  Lot o f  

Welding Going On 
A wealth of projects, especially in construction, should keep Chicagoland welders 

and welding-related businesses extremely busy 

BY MARY RUTH JOHNSEN AND TIM HESTON 



Fig. 2 - -  The thick-plate, fitup requirements and stiffness of the double-curve shape required for these gas storage containers means 
precise components must be shipped to ensure high-quality field welds. 

Hog butcher for the world, 
Tool maker, stacker of  wheat, 
Player with railroads and the 

nation's freight handler; 
Stormy, husky, brawling, 
City of the big shoulders. 

T h i s  of that Carl evoked in image Chicago poet Sandburg 
1916 remains true today. People, raw materials, finished 

goods and ideas have moved in and out of the United States' 
third-largest city throughout its history. The metropolitan a r e a -  
often referred to as Chicagoland - -  serves as a major shipping 
port and an important rail, highway and air transportation hub. 

The construction projects taking place in Chicago this year 
reflect its image and the city's place as a commercial, financial, 
communications and cultural center. Projects currently in pro- 
duction or under consideration will have Chicagoland welders 
working to revamp local landmarks or construct new ones, 
shore up the city's infrastructure, refine and transport natural re- 
sources and showcase technology. 

Chicago will be the center of the welding world when it 
hosts the AWS International Welding and Fabricating Exposi- 
tion this month, but welding will be central to the success of 
many projects in Chicago for years to come. 

Curvaceous Fabrication 
In a city long praised for its architecture - - the John Hancock 

Center, the Sears Tower, the Civic Opera House - -  architect 
Frank O. Gehry is about to add a radically different landmark. 

Gehry's $15-million music pavilion is to be the focal point 
of Millennium Park, a project estimated at $250 million. The 
new park will connect to the existing Grant Park on the city's 
lakefront. 

The curvaceous band shell's skin (Fig. 1) will be made of 
thin-gauge stainless steel. Designed for orchestral perfor- 
mances, the shell is 300 ft wide. According to designers, the 
huge size is to match the huge seating area - -  4000 people in 
chairs, 6000 more on the lawn. "When you're sitting 600 ft 
away from the stage, the opening looks quite small," said Craig 
Webb, senior design engineer at Frank O. Gehry and Associ- 
ates, Santa Monica, Calif. "So, the metal surrounding [the stage] 
is essentially a proscenium wall that tries to deal with the scale 

of the whole venue, and it gives the orchestra more presence." 
The most intricate welding will not be in the band shell, but 

in the trellis, a lattice of pipes curving over the permanent chairs 
and the lawn. The pipes will hold carefully placed speakers, 
part of the pavilion's state-of-the-art sound system. They will be 
of structural steel and are likely to be coated with a high-gloss 
auto-body-type paint. 

Together with Skidmore, Owings & Merrill LLP in Chicago, 
Gehry's designers are considering fabrication and erection op- 
tions. Though exact processes have not been determined, the 
pipe connections will be fully welded. 

"It is likely the inner sections [of the trellis], which will es- 
sentially receive pipe from four directions, will be shop fabri- 
cated," Webb said. The pieces will be brought on site, and the 
structure will be shored as it's erected and welded. A typical 
weld would be for two equal-diameter pipes crossing each 
other in plane, each 60 to 70 ft long. One pipe would be coped, 
precisely fitted and welded to the other. "We'll end up with a 
very clean intersection," Webb said. 

The greatest challenge, though, will be bending the pipes to 
the extremely wide radius required for them to rest on 12-ft 
concrete pylons at either end of the lawn, 300 ft across. A span 
this long requires heavy pipe, up to 20 in. in diameter with al- 
most a 1 -in. wall thickness. Diameters will gradate down to 18 
and 16 in., depending on the stresses involved. 

A bending machine can easily work with short-radiused pipe, 
running the pipe out and then grasping it with a mechanical arm 
fixed at a particular pivot point as it's being extruded. But the 
trellis pipes have extremely wide radii, and "there are no 400- 
if-long arms" that can bend them, Webb said. So, engineers and 
designers are considering other advanced processes, including 
induction bending, which differentially heats and induces a 
bend. According to Webb, there are quite a few fab shops with 
the technology that are interested in the job. 

Except for two trellis pipes that connect to the proscenium, 
the band shell is structurally independent. Shapes for the shell 
will be cut based on an advanced three-dimensional computer 
model: detailers will work directly from the digital wire frame. 
"It's a very precise process," Webb said. "We've been through 
this process with seven or eight buildings already, and the ac- 
curacy with computers is really high." 

The bent stainless the audience will see will be thin, 14-22 
gauge (the exact thickness has not yet been determined). Be- 
hind the stainless sheet will be subframing, possibly aluminum 
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Fig. 3 - -  A model of Richard Hunt's Midway, to be placed outside the entranceway 
to Midway Airport's new terminal. 

plate (again, to be determined) cut with a CNC machine, and 
behind that the wide flange shapes of the roof trusses, can- 
tilevering off the proscenium line a full 100 ft. That makes for 
an extremely dramatic structure. 

"Chicago is one of the greatest cities in America for archi- 
tecture" Webb said. "And we think the pavilion will be a sig- 
nificant contribution, adding to the incredible heritage of build- 
ings that is already there." 

The End of the Line 
What has been called the largest construction project in 

North America for 1999-2000 - -  the Alliance Pipeline system 
- -  terminates at the Aux Sable Liquid Products plant in Chan- 
nahon, Ill., about 50 miles southwest of Chicago. Currently, 
about 750 workers, including approximately 125 welders, are 
constructing the plant, which has an estimated direct capital 
cost of $365 million. This new natural gas liquids extraction and 
fractionation facility will initially process up to 1.6 billion cubic 
feet of natural gas per day, removing from the gas stream up to 
40,000 barrels of ethane, 19,000 barrels of propane, 8000 bar- 
rels of butane and 3000 barrels of pentanes plus (also called 
natural gasoline) every day. 

There are two main areas where welding is being used to c o n -  

struct the plant, which is essentially a natural 
gas refinery. First, there's plenty of piping to 
transport the gas all around the plant. Second, 
the site includes nine spherical storage con- 
tainers. 

Morrison Knudsen Co., Inc., serves as 
construction manager for the project. Phillips 
Getschow Co., Joliet, III.; Borg Mechanical 
Contractors, Inc., Hillside, III.; and Morrison 
Construction Co., Hammond, Ind., are han- 
dling most of the pipe welding. CBI Services, 
Inc., a subsidiary of Chicago Bridge & Iron 
Co., is building the nine storage containers. 

According to Hans Zickmantel, con- 
struction manager for Aux Sable Liquid Prod- 
ucts LP, the facility will contain piping in a 
wide variety of sizes, from small-bore up to 
36-in. pipe for the high-pressure lines, and up 
to 54 in. for the main cooling water lines. 
Since the piping system contains many con- 
figurations, and for economic and quality rea- 
sons, Zickmantel said, most is prefabricated in 
the shop in segments sized conveniently for 
shipping and then welded together on site. 

Shielded metal arc welding (SMAW) is used 
for the on-site welding, mostly because it 
works well for all-position welding. The pip- 
ing is primarily stainless steel and high-yield 
carbon steel. Although no exotic materials are 
used, Zickmantel said, the job requires skilled 
workers capable of welding on pressure pipe 
in all positions. 

The largest weldments at the facility are 
the nine spherical storage containers-- Fig. 2. 
Dennis Olsen, CBI's project manager for the 
Aux Sable job, said four spheres will store 
propane, four butane and one pentanes plus. 
The shell of the 69-ft-diameter propane con- 
tainers is SA 738 Grade B steel with a 2-in. 
wall thickness. Design pressure is 250 Ib/in.2 
and capacity is 30,000 barrels. The four bu- 
tane containers and the pentanes plus con- 
tainer are built of 70 ksi SA516-70 steel with 
a %-in. wall thickness. The butane containers 

are 54 ft 9 in. in diameter, hold 15,000 barrels and have a de- 
sign pressure of 85 Ib/in.2; the 20,000-barrel-capacity pentanes 
plus container is 60 ft 6 in. in diameter and has a design pres- 
sure of 15 Ib/in. 2. 

Olsen said 22 production welders are working at the Aux 
Sable site, as well as several other qualified welders for fitup 
and miscellaneous attachments. All welders are qualified to 
ASME Boiler and Pressure Vessel Code Section IX. 

The shop receives the plate from the mill in the as-rolled 
condition and it is cold formed to the double-curved (spherical) 
shape. "For 2-in.-thick, high-strength plate, we utilize our 1500- 
ton press with specially made dies," Olsen explained. "For %- 
in.-thick steel, we use our 500-ton press." 

The plates are then cut to the proper shape for final assem- 
bly. "At this point, the column stub sections are attached," 
Olsen said. "We also shop install the manways and larger fit- 
tings to the appropriate plates for each vessel. The shop will 
postweld heat treat all plates with large weld attachments prior 
to shipping." 

The sections are delivered to Aux Sable in pieces as large as 
can be legally shipped by truck and then welded using auto- 
matic submerged arc welding (SAW). CBI uses a Lincoln LT7 
tractor with twin wire feed. This is the tricky part. One of the 
limitations of automatic SAW, Olsen said, is that welding must 
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take place in the flat position. 
The curved sections must be 
kept within 5% of level and 
the assemblies for the propane 
tanks weigh approximately 
60,000 lb. CBI solves the 
problem by using two tilt ta- 
bles in the field to keep the as- 
semblies in the proper posi- 
tion, Olsen said. 

After the field crews fit the 
plates together in their final 
position and do the welding, 
the field joints are radi- 
ographed to inspect for de- 
fects. Any defective welds are 
corrected. 

The field work wouldn't be 
successful without high-qual- 
ity work from the shop crew, 
Olsen said. "Due to the thick- 
ness of the plate, the code re- 
quirements for weld joint 
alignment and the stiffness of 
the double-curve shape, we 
depend heavily on the exper- 
tise of the shop personnel to 
deliver high-precision shapes 
to the field." 

Fig. 4 - -  Fitup of the pipe components and coordination between 
the fabricator and erector were key to successfully building the 
entrance to the Lucent Technologies complex in Lisle, III. 

Art at Midway 
Chicago is an aviation hub, which is why the city's Depart- 

ment of Aviation is heading the largest public works project in 
Illinois - -  the $761 million Midway Terminal Development 
Program. A new terminal and concessions area, to be located 
in front of the existing terminal building, is expected to open 
during the first quarter of 2001. The entire program, which in- 
cludes a new 41 -gate concourse building, is slated for comple- 
tion in 2004. 

"When I was a kid, my family and I used to drive out to the 
airport and watch the DC-3s take off and land," said sculptor 
Richard Hunt, an unconventional, but by no means less im- 
portant, contributor to welding and fabricating at the new ter- 
minal. Fifty years after watching DC-3s, he's leaving his own 
distinct mark just outside the entranceway to the new terminal. 

Titled simply Midway (Fig. 3), Hunt's abstract sculpture rep- 
resents birds and winged flight forms from nature and man vs. 
technology in the quest for flight. 

Hunt chose gas metal arc welding (GMAW) for most joints 
on Midway. "Sculpture should carry a symbolic message to 
viewers, so the premium here is on individuality and the cre- 
ative fusion of ideas within a form," he said. When he and his 
assistants weld, it's a creative pursuit, not a drive for efficiency. 
"If you spend a lot of time welding this complex structure, 
spend a little more time grinding, polishing and highlighting 
parts [to make the surface varied], that's all part of the image, 
and it increases its value to the end user. It's a meaningful and 
worthwhile way of spending time." 

A Chicago resident, Hunt has many works standing in and 
around city limits, including Winged Forms, welded bronze 
outside the Amoco Building Plaza; Jacob's Ladder, welded 
bronze outside Carter Woodson Library; and Pillar, welded 
Corten steel outside Michael Reese Hospital. 

Midway, which will be made of 306L stainless steel, is 
Hunt's largest to date: 35 ft tall, 28 ft wide and 15 ft deep. Most 
welds will be made from the inside. Because of its size, the art- 
work will have to be welded in three sections at the artist's stu- 

dio, then field welded at its rest- 
ing place. Tentative scheduled 
completion is in 2001. 

As with most of Hunt's 
sculptures, sanding and grinding 
is the most delicate part of fabri- 
cation. "It's where I give my char- 
acteristics," he said. This piece 
should appear seamless. Because 
of its size and location, there's a 
safety factor involved. The Fed- 
eral Aviation Administration has 
instructed Hunt not to polish too 
much because it may reflect sun- 
light that could distract pilots. 

Hunt will start grinding with 
50-60 grit discs, then 80, all the 
way down to course, then fine 
pads. "1'1[ leave it at that," he 
said. "It's not going to have too 
high a polish." 

The stainless steel sheets will 
be between Y~- and 3~6-in. thick. 
Hunt and his assistants will man- 
ually cut the sheet with a plasma 
arc cutting machine into sections 
roughly 6 ft wide and 12 ft tall. 
They will be bent, rolled, shaped 
and then welded, all around in- 
ternal bracing. 

"The specifications for this sculpture will make it beautiful 
- -  or at least aesthetically pleasing - -  long lasting and low 
maintenance," he said. 

A Home for Techies 
When communications giant Lucent Technologies opens 

the new section of its Lisle, Ill., complex next year, it will pro- 
vide a spectacular showcase for the skill of welders. Welded 
structural pipe supports the entrance to the building (Fig. 4), a 
glass-enclosed atrium designed to resemble a satellite dish. Two 
five-story buildings flank the entranceway. 

Fitup was definitely the most challenging aspect of this job, 
agreed Horst Peppa, president of Chicago Ornamental Iron Co., 
Melrose Park, II1., the structural steel fabricator for the project, 
and Robert A. Fortino, project manager of Area Erectors, Inc., 
the company that did the field erecting. 

"The special challenges for this project were many given the 
fact that an all-welded building of this type has very little mar- 
gin for error, so plumbness and deflection had to be monitored 
continuously," Fortino said. "Also, there were the usual prob- 
lems with rigging and handling large, odd-shaped pieces." 

The atrium's drum-shaped roof is 115 ft in diameter. It is 
tilted 45 deg, creating an elliptical-shaped drum 115 ft x 86 ft. 
At the low end, it is 35 ft high; at the high end, 122 ft. The roof 
is also concave, with the depression about 10 ft. The roof is sup- 
ported by columns around the circumference of the building 
that attach to a spider's weblike network of members - -  Fig. 4. 

"Since the roof is round," Peppa said, "that forces the build- 
ing to be elliptical in shape. So the columns are set on an el- 
liptical basis so they match the round roof. And the Vierendeel 
trusses that connect each of the columns are then all different 
radiuses to make up the elliptical shape." Vierendeel trusses 
have no diagonal members, but instead rely on bending in the 
horizontal chords and vertical posts for strength. 

The pipe used for the project was Grade 50 steel in sizes 
ranging from 6 to 18 in. in diameter and with wall thicknesses 
from 3/~ to 1 Y~ in. Eighteen welders worked in the shop at Chicago 
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Fig. 5 - -  Structural steel work for the Stevenson Expressway. 

Ornamental Iron fabricating as many of the components as pos- 
sible prior to their being shipped to the site, Peppa explained. 
Welders used semiautomatic gas metal arc welding with 
straight CO2 as the shielding gas and ER70S-3-NC filler metal. 
Semiautomatic GMAW was used "because the bevels and an- 
gles were all too weird to use automatic machines," Peppa said. 

Since fitup was crucial, Peppa said, his company tried to do 
as many of the complex weldments in the shop as possible. "We 
looked at prefitting everything ahead of time and then making 
cuts to reduce the complexity of the welding in the field," he 
said. "We didn't want to get into compound welding out there, 
just straight pipe welding. In other words, a straight butt (joint) 
weld." 

"The fabricator did an excellent job," Fortino, of Area Erec- 
tor, said. "They made it much easier for us." Still, the job re- 
quired more than 8000 hours of welding out in the field, he 
said. Area had up to eight, two-person welding crews working 
at a time. 

Most of the joints were beveled at 45 deg with backup bars 
for full-penetration welds. There were also many partial pene- 
tration welds. Very little SMAW was done on the field welds, 
Fortino said; instead, the company mostly used flux cored arc 
welding. Fortino's company also erected the approximately 
3500 tons of structural steel for the two five-story buildings. 

Chicago Ornamental Iron received the contract for the 
atrium in March 1999 and began shipping pipe components to 
the field in September. While the structural steel work for the 
building itself is complete, the company is working on the spi- 
ral staircase and handrails that will go inside the atrium. The 
project should be ready for occupancy early next year. 

Bridges and 'Dead Squirrels' 
Those most familiar with the Stevenson Expressway (Inter- 

state 55) are the commuters who endure the daily construction 
delays. "We're down to 60% capacity," Rick Young of the Illi- 
nois Department of Transportation (ILDOT) said. 

What the disgruntled drivers may not realize is the true mag- 
nitude of the massive reconstruction they're driving through. 
About half of the 4.5-mile-long construction zone is bridge. The 
total project, including outbound and inbound lanes, consists 

of about 20 million lb of structural steel (Fig. 5), most of which 
is AASHTO M270M/ASTM A709M Grade 345 (Gr. 50). These 
are big pieces, too. "It was a challenge getting some of these 
beams to the job site," Young said. Rolled beams up to about 
110 ft and plate girders nearly 120 ft long were delivered to the 
conjested urban area by truck. Some girders have an overall 
depth of 11 ft. 

At peak construction this summer, more than 300 workers 
will be on site. Not many welders will be among them, though. 
Most welding was performed at Industrial Steel Construction 
(Hodgkins, II1., and Gary, Ind.) and PDM Bridge (Eau Claire and 
Wausau, Wis.). Automatic submerged arc welding was used for 
most of the plate girder fabrication. Stiffeners, connection 
plates, cross frame, diaphragm and bearing welds included 
some gas-shielded flux cored arc welding (FCAW-G) and a lim- 
ited amount of SMAW, depending on the shop's preference. 

Utilizing existing substructure foundations limited many 
spans to those suitable for rolled beams. "We ended up with al- 
most every common W920 (W36) beam in the AISC manual," 
Jon Edwards, who supervises weld inspection for ILDOT, said. 
Though most of the welding on plate girders requires automatic 
submerged arc, different processes may be permitted for plates 
welded to beams. For small beams, ILDOT allows semiauto- 
matic submerged arc welding or other processes, such as 
SMAW. "Depending on the situation, an opposed-head sub- 
merged arc machine may not be practical for installing con- 
nection plates. So, on a shallow beam, we may allow manual 
methods," Edwards said. 

One of the project's most structurally complex sections is the 
single-point urban diamond at Damen Ave., a six-lane road 
going over the eight-lane interstate. Ramps come up from the 
outside edges of the interstate to the road above. Each ramp 
flares inward (toward the interstate) and outward, like a trum- 
pet bell, and the inward flares intersect over the middle of the 
interstate. Project engineers jokingly call it the "dead squirrel 
interchange," because the drawing resembles the flattened an- 
imal with front and rear legs extended to the sides. 

PDM is performing full shop assembly for the flares. "It takes 
an area about the size of a football field for the assembly of each 
flare," Edwards said. 

Another complex structure is the bridge over the Des Plaines 
River. "That bridge is on a 1900-ft-radius curve, and also on a 
57-deg nominal skew," Edwards said, "so it's closer to parallel- 
ing the river than crossing it. This resulted in skews up to 74 deg 
between girder centerlines and the ceterlines of bearing at one 
abutment, or being only 16 deg from parallel. The skew and 
curvature effects combined to require some cross frames from 
hell, with eight 1 -in. A325 bolts at each end of the interior cross- 
frame angles." And there's a lot of SAW for the connection 
plates. 

The project is in two phases. Last year work was done on the 
inbound lanes; this year it's the outbound. Scheduled comple- 
tion for the second phase is October 31, and construction is 
ahead of schedule. 

Developing the Windy City 
From huge spheres to wide radiused members to millions of 

pounds of structural steel to artwork, Chicago is a city welding 
helps raise. Because of all the work, the union halls stand near 
empty. Everyone is out making a living, building the foundation 
for Chicago's big shoulders. @ 
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Robot ic  Arc Welding 
Is Off and Running 

at Caterp i l la r  

Robotics has frustrated hundreds of companies throughout the world, but here is 
one company that has worked extra hours to master the technology 

BY BOB IRVING 

M 
any experts have long regarded Caterpillar Inc., Peo- 
ria, II1., as not only the largest but perhaps the wisest 

L user of arc welding technology in the world. So it is no 
surprise Caterpillar was in on the ground floor when robots 
were first introduced to arc welding. In the early years, which 
started almost 20 years ago, there were growing pains. There 
was a huge amount of research into robotic arc welding at the 
Caterpillar Manufacturing Development Center in East Peoria, 
Ill., and developments in advanced robotic systems continue 
today at the Tech Center in Mossville, III. The original spade- 
work has paid off to the extent the company now has several 
hundred robots in operation throughout its plants worldwide 
specifically engaged in arc welding. Why all this effort? What 
was the goal? 

Howard Ludewig, project manager, welding engineering, 
answered both questions quickly and to the point: "Quality, 
productivity and environmental impact." 

There was a time not too many years ago when welders 
wielding semiautomatic guns performed most of the welding 

operations in a typical Caterpillar manufacturing plant. Most of 
the welds were made with flux-cored wire. Today, most of the 
welders have become robot operators or have moved to other 
jobs. Robotic arc welding systems now make the welds the 
welders produced in the past - -  Fig. 1. Nowadays, the welds 
are made mostly by solid, not flux-cored, wire. Things are quiet. 
The plant area is clean. It's not unlike an aircraft plant in that 
respect. 

A Welder Shortage 
To continue the way they had been doing things, Caterpillar 

would have needed a huge number of qualified welders. Not 
enough welders were available to do what had to be done. Au- 
tomatic welding, especially robotic welding, seemed the logi- 
cal answer. Handled properly, it could result in great improve- 
ments in weld performance Caterpillar engineers estimated. 

Over the years, Caterpillar has played an important role in 
advancing robotic technology from its simple single-axis be- 

Bob Irving is Contributing Editor to the Welding Journal. 
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Fig. 2 - -  The first robots Caterpillar used in production were hydraulic robots, some of which 
are still in operation. Eventually they wil l  be replaced by state-of-the art electric robots. 

ginning to the point where the designers of the equipment and 
the designers of the manufacturing process work together to op- 
timize their process before the first arc is ever struck. So, it's no 
longer just a case of making acceptable welds. The welds also 
contribute to the betterment of the entire structure being man- 
ufactured. 

Generally, Caterpillar is moving away from flux cored arc 
welding, a technology the company played a major role in de- 
veloping years ago, and toward small-diameter solid wire weld- 
ing. One reason especially important in robotics is the straight- 
ness of the wire when it emerges from the gun. According to 
Caterpillar engineers, the solid wires they are using come out 
straight, while flux-cored wires sometimes come out slightly 
bent. This can cause misalignment of the wire in the weld joint 
when vision is used. Not all of the vision systems can handle 
these misaligned wires. The change in filler metals is away from 
flux-cored wire to solid wire. Some metal core filler metal is 
used in the more demanding applications. 

The welding procedures are designed to eliminate the need 
for preheat. Using small-diameter wires, there are often dozens 
of weld passes, which minimizes the amount of heat input into 
the weld. 

Greg Kimberly, development project engineer in welding 
engineering, Caterpillar Technical Center, Mossville, II1., was 
first introduced to robotics at the former Burlington, Iowa, plant 
in 1983. He continued working with robots when he moved to 
the East Peoria plant. 

Simple at the Start 
"In the beginning, the robots were quite simple," he said. 

"There were no servo-controlled positioners, for example. The 
first two robots we had were operated by a controller, but they 
had a double-ended positioner and Gemco switches for posi- 
tioning. The robots performed well, but the switches were not 
as accurate as we wanted. Repeatability was acceptable with 

the robots but not with the posi- 
tioning equipment. We had to do 
a lot of touch up on the robot pro- 
grams." 

These early robots were 
used in production mostly for 
making fillet welds and some 
small groove welds. They were 
purchased for use in production, 
not for research. Looking back on 
it, Kimberly said, those early ro- 
bots represented a new technol- 
ogy searching for an application. 
At first, the applications they did 
find were mostly small parts, such 
as brackets. These were all low- 
volume applications. 

"We then started to weld 
belly guards," Kimberly recalled. 
"And, while we were doing that, a 
number of hydraulic robots (Fig. 2) 
were being installed on bogie as- 
sembly lines. This was all being 
done at a time when our company 
was shifting from oval track trac- 
tors to the L series or triangular 
tracks." 

Unlike the oval tracks, the L 
series had movable undercarriages 
with eight bogies per tractor. This 
new design required welding on 
the bogies and other heavy com- 

ponents, which had not been required on the oval tracks. As a 
result, hosts of welders were used in the manufacture of these 
bogie assemblies. 

The Redeployment 
"The decision was made to redeploy 12 hydraulic robots that 

had been in use at our Mentor, Ohio, plant to East Peoria," Kim- 
berly said. "These were the first robots we had in arc welding. 
But there were problems keeping the oils clean. There was con- 
cern that the seals might break down and the particulate from 
the seals might infiltrate into the hydraulic fluid. Because of 
that, we chose a path where dedicated repair personnel were 
trained to work on the robots. The same individuals were also 
involved in the improvements that were going on continually." 

But some things happened during the period when hydraulic 
robots were in vogue that really helped robotics in general. At 
first, the engineers worked with positioner manufacturers in 
order to change from traditional positioners to the new "sky- 
hook" positioners that featured L-shaped arms. By the ti me elec- 
tric robots started to replace hydraulic robots in 1983, these 
kinds of positioners were in place on rotating platforms. This 
setup enabled the operator to load one assembly while the 
robot was working on another. 

The positioners on earlier vintage robot cells are only capa- 
ble of 11/~-2 rpm movements. Today's positioners are capable of 
movements in the 10-12 rpm range. This higher speed is nec- 
essary because of today's streamlined design. Instead of square 
corners, they are now rounded off. Weld joints are now curved, 
rather than straight. Coordinated motion is required to make 
those types of welds. So now the positioning equipment is dri- 
ving the improvements in a robot cell. On Caterpillar's original 
bogie line, single-axis positioners were used, but they would 
only turn in one direction. That's when the skyhook positioner 
came into play, now five-axis positioners are in use. 

"We had this expensive piece of equipment and we wanted 
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to keep it busy," Kimberly said. "For 
economic reasons, we wanted to have 
the next part ready once the robot had 
finished welding the present one." 

Positioning equipment for these 
large fabrications can cost as much if 
not more than the robot itself. When 
Caterpillar migrated from hydraulic to 
electric robots, the electric robots had 
a number of auxiliary axes. In the end, 
five electric robots replaced twelve hy- 
draulic robots, but did the same work. 
This was achieved by improving the po- 
sitioning and by placing the positioners 
on turntables. 

Improved accuracy in the electric 
robots with servo-controlled position- 
ing equipment was a big factor in both 
the reduction of the number of robots 
and the personnel needed to service 
the robots. 

Momentum in 
Modernization 

Fig. 3 - -  The first vision systems employed in robotic arc welding lines at Caterpillar were 
actually designed and bui l t  by Caterpillar engineers. Some of these systems are stil l in use. 

By 1989, the transition to electrics 
was fairly complete. There are still a few hydraulic robots op- 
erating in various plants, but they will be eventually replaced. 

Caterpillar management found three main reasons for using 
robots. One is improved weld quality, providing better struc- 
tural performance. The second reason is an improved envi- 
ronmental impact. Third, but not least, is the manufacturing 
cost reduction. Back in the '70s, they were saying, "Hey, we've 
got this robot. How can we put it on welding?" Now they're 
saying, "How can we use this robot to make this part work bet- 
ter?" There has been a deliberate shift in strategy, Ludewig said, 
but it is what will drive his company's use of robots in the fu- 
ture. So, the question is now: How can the robot be best used 
to control welding to the point it can improve the performance 
of a structure? 

How can robots reduce manufacturing cost? Suppose you 
have a job calling for the welding of 100 assemblies per day. 
Without robots, you find you can only weld 10 per day con- 
ventionally. So you need 10 fixtures, and no two fixtures will 
ever be alike. With a robot, you can weld all 100 assemblies 
in one day, and you can do it with one fixture. Every job will 
be identical. There will also be a tremendous reduction in floor 
space. 

"We can do all of that," Ludewig said, "including process 
design and robot programming, before the robot is even on the 
shop floor. It makes the operation much more agile." 

In addition to its plants in the United States, Caterpillar 
manufactures in plants in Mexico, Brazil, Belgium, France, 
United Kingdom, Australia, Russia, China and two plants in 
Japan. At one time, the general office provided guidance to all 
of the manufacturing operations. Caterpillar is now organized 
into business units. The parts are the same within a business 
unit no matter where in the world they are made, but the weld- 
ing systems may differ because each plant deals with vendors 
within its geographic location. Continual communication 
among business units is essential to maintain the high quality 
related to robotic welding. 

The Importance of Vision 
Another important technology that placed robotic arc weld- 

ing on the map was vision systems. At Caterpillar, the designs 

call for the use of robotics to weld a wide variety of groove and 
fillet welds. Many of these welds are used to join plate to cast- 
ings, which brings up the question of fitup due to varying de- 
grees of consistency. When hydraulic systems were used, the 
robots did exactly what they were told but, unfortunately, did 
not handle the variation in the parts very well. 

To overcome that problem, Caterpillar's next step was a con- 
certed effort to become more "control wise" with the robots. 
First, through-arc tracking was studied. While found to be fine 
for tracking the welds, it did not provide the information really 
needed. The main pursuit soon became "fill/adaptive welding," 
not just joint tracking, but proper joint fill as well. Caterpillar 
engineers then built their own vision system, the first vision sys- 
tem used for robotic arc welding at Caterpillar. Somewhat larger 
than the more current vision systems, the first Caterpillar-de- 
veloped system was installed on a new robotic system and 
placed into production - -  Fig. 3. Then, in 1989, Caterpillar 
started to purchase vision systems that were part of newly pur- 
chased robotic equipment. The two most widely used systems 
were the Meta and Oldelft systems from Europe. During this 
same period, experiments were conducted on several off-the- 
shelf cameras from U.S. companies. One such camera could 
calculate how many passes would be needed to complete the 
weld. But a problem in dealing with much of this high-tech 
equipment was that years later the companies that had made it 
were either no longer in business or had discontinued making 
that particular line of product. 

The machines installed in 1988 and 1989 are being looked 
at for replacement. The robot arms are fine, but much of the 
electronics associated with the cells is obsolete. Items such as 
keyboards, teach pendants and memory boards are becoming 
hard to find and are no longer supported by the manufacturer. 

The East Peoria Plant 
Some say the most advanced production systems in heavy 

fabrication can be found in Caterpillar's East Peoria plant. 
There, the track-type tractor is the building block of manufac- 
turing. Rod Wickert, weld engineering supervisor, Track-Type 
Tractors Div., said the plant has 56 robots and plans are in place 
to upgrade this technology in the future. 
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Questions about Alignment 

Fig. 4 - -  The newest robotic system to arrive at the East Peoria plant is def- 
initely state of the art. It wil l  be used to evaluate different processing tech- 
niques, and is expected to result in further cost reduction and better robot 
utilization. 

The engineers in the Track-Type Tractors Division were prob- 
ably pioneers in laser vision. It was all very high tech when it 
was first introduced onto the production lines. Before long, as 
many as four different vision systems were operating at one 
time. Most prominent in the plant at this stage were the Meta 
and Oldelft systems developed about ten years ago. "We now 
have close to 35 vision systems operating today," Wickert said. 
"No one else has that number. There are some techniques to 
making vision systems work in production," he added. "One of 
the most important is dedicated support. You have to have the 
ability to fix vision systems internally. Our philosophy ten years 
ago was one man/one robot. It worked inasmuch as we were 
able to streamline the work force, eliminate the smoke from the 
semiautomatic welding operations and make money for the 
company. 

"But if you want to go with vision," Wickert said, "you must 
have that dedicated support that will provide you with the abil- 
ity to fix the vision systems internally." 

Rather than continue sending equipment to the original 
manufacturer in Europe for repair, Caterpillar's Track-Type Trac- 
tors Div. went into the repair business. The entire repair opera- 
tion was set up internally.The workers were given factory train- 
ing so they would be able to repair all of the vision systems used 
at the plant, including the new cameras from Servo-Robot. Five 
electricians, in fact, have been trained exclusively to repair the 
cameras, teach pendants and printed circuit boards used in dif- 
ferent vision systems. In the repair room, many of the mechan- 
ical adjustments or alignment procedures have to be tended to. 
The work is all very delicate. 

The robots currently in operation at the East Peoria plant are 
either equipped with vision or through-arc systems, but not 
both. The company is now taking the next step. It is the new 
Kawasaki robot (Fig. 4) is being installed on the shop floor. It 
has a Servo-Robot camera on it with touch sensing - -  all the 
technologies in one machine. This technically advanced robot 
will be used to evaluate different processing techniques. It is ex- 
pected to result in further cost reduction and better robot uti- 
lization. "It is hoped this robot will change how we do robot- 
ics in the future," Wickert said. 

One thing driving the use of technology in the East 
Peoria plant is the welding of castings. Part fitup along 
with the variability of the casting causes large joint vari- 
ations that require sophisticated tracking technology. 

There are questions that arise when working with 
castings. Will the weld joint move slightly because of 
thermal distortion? Is there a variability from one part 
to another? If not handled properly, those kinds of sit- 
uations could lead to variation in the weld joint. Wick- 
ert said several tracking methods can be used here. 

One method is touch sensing, which locates parts 
and makes the appropriate offset to compensate for 
the variation. A calculation is then determined and the 
weld is made. 

Another method in use at the plant is through-arc 
joint tracking, which uses arc current and weaving to 
determine the location of the joint. This information 
is then fed into the robot controller for path offsets and 
a correction to location, if necessary. This keeps the 
wire in the joint even if the wire comes out differently 
from time to time. 

The third and most sophisticated approach is with 
cameras. The camera uses either a compact or he- 
lium-neon (He-Ne) laser beam to produce a stripe 
across the weld joint while it scans. As it scans, a cam- 
era sees the reflection of the stripe and produces a pro- 

file of the weld. With software, the profile is measured; both the 
width and depth of the area are calculated. This information is 
used to determine weld schedule and travel speed and provide 
a truly adaptive process. 

Because of their age, most of the robots at East Peoria are 
being looked at for replacement. Some of the through-arc joint 
tracking machines have already been replaced with newer 
FANUC systems. Most of the current vision systems are FANUC 
robots with Meta vision systems. There are a few remaining 
Cincinnati Milacron robots with Oldelft vision systems. 

A Look at the Decatur Plant 
The company's plant in Decatur, II1., is where all models of 

off-highway trucks, motor graders and wheeler tractor scrapers 
are built. The new 60-ft-long (18.3-m) model 24H motor grader 
is built in this plant. Another huge new product manufactured 
in Decatur is the 1.3-million-lb (590,000-kg) model 797 truck 
used in open pit strip mining operations. 

According to Mike D. Younker, manufacturing project spe- 
cialist, fabrication process engineering, there are 17 robotic sys- 
tems at the Decatur p lant - -  all of them big. At present, he said, 
there is one robot for the wheeler tractors, ten for the motor 
graders and two for the truck lines. "We have an automation 
strategy in place where we will eventually automate all of our 
truck frame lines." 

The welding equipment used to build the 797 mining truck 
(Fig. 5) is the largest of its type in any Caterpillar plant. An ABB 
robot system, the equipment stands 26 ft 4 in. (8 m) high. Pilot 
models of the equipment were run in the spring of 1999. Pro- 
duction has now begun. There are two robots in this cell. They 
are both on rotating, traveling columns. It's an 11 -axis machine; 
6 axes are on the robot. During a visit to the plant in January, 
the company said an offline programming system from Deneb 
Robotics had just been delivered. In time, the engineers plan to 
use this system on the 797 truck operation. 

With off-line programming, the engineer can look at a whole 
process in a different way. The process designer, in fact, can 
look at the assembly in three dimensions. Where there is re- 
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stricted access, the designer can 
redesign to eliminate it. The re- 
quirements of the engineering 
process are immediately and 
completely transferred to the 
shop floor. Kimberly said, "We in 
engineering know exactly how 
the part is going to be processed 
in the shop. We know the order in 
which the welds will be pro- 
duced. We know what the distor- 
tion will be and what the residual 
stresses will be, and we can de- 
sign accordingly. There will be no 
variation from all of that." 

The vision system on the 
equipment used to weld the 797 
mining truck is provided by a 
Servo-Robot camera that has 
been operating for about a year 
without needing any repairs. This 
is the only vision system in the 
Decatur plant. Caterpillar plans 
to add six more of these systems 
to its Decatur operations. 

"Robotic welding gets more of 
our employees out from under 
the hood and gives them a 
chance to focus on other critical 
areas in our manufacturing environment," Younker said. "Our 
manufacturing environment is much more 'high tech' than in 
years past. Gone is the perception that working in a factory is 
dirty, unpleasant work. On the contrary, students are continu- 
ally amazed when they visit a plant such as Decatur or East Peo- 
ria. They are impressed at how clean and bright the manufac- 
turing areas are. This helps us to attract the manufacturing 
professionals we need. The welder of today needs to understand 
high-tech robotic welding systems and how these systems in- 
teract with other manufacturing systems elsewhere in the 
plant." 

Fig. 5 - -  The robotic welding equipment used to build the 797 mining truck at the Decatur plant 
is the largest of its type in any Caterpillar plant. 

Welding Requirements 

In the 797 truck operation, solid wire is used. The welding 
wire is unreeled from 1200-1b (544-kg) spools. The parts to be 
welded are mostly castings in thicknesses up to 60 mm (1.8 in.). 
Thirty to forty passes are required to complete each weld. In- 
spection is visual and by ultrasonics. 

The improvements in robot systems are also making their 
mark at Decatur. In the welding of motor grader components, 
five robots had been used in that operation. Two robots of more 
advanced design now do the same work. In still another pro- 
duction line, two new, more advanced robotic systems are 
doing 300% more welding than had been achieved previously 
when four robots were in service. 

The Decatur plant has also installed a training robot from 
ABB Robots for use in training workers to be robot operators. 
Many of these operators are former welders. 

Future Trends 
Today, Caterpillar fabrication plants are successfully using 

advanced robotic arc welding systems that are rugged enough 
to meet the most demanding applications. Future robots will be 
agile and flexible enough to meet rapid response demands of 
future customers. 

At the Tech Center, the engineers are evaluating the poten- 
tial for robotic laser beam welding. To do this, they have a Haas 

YAG laser from Trumpf of Germany. Time will tell whether this 
newer technology will find a place on production lines in Cater- 
pillar plants. CO2 laser cutting is already being used. • 
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Company 
Embraces 
Automatic 
Laser Gas 

Supply System 

i f a company could deliver high- 
pressure gaseous nitrogen to its 

lasers more efficiently and for less 
money, it would, of course, be in- 
terested. Precision Laser Manufac- 
turing (PLM) of East Peoria, II1., cer- 
tainly was. The company was able 
to reduce its overall gases and 
labor costs by 30% while increas- 
ing its efficiency, safety and quality. 

PLM is a contract laser job shop 
specializing in laser processing 
services such as laser beam cut- 
ting, laser beam welding, engrav- 
ing, cladding, heat treating and 
tube cutting. The company has 
three CO 2 lasers of varying capac- 
ities: a 2- and a 2.2-kW laser and 
a 3.5-kW laser with a cutting ca- 
pacity of 3/4 in. (19.05 mm). 

The company's location, cou- 
pled with its unique scheduling 
system, gives it the flexibility and 
capacity to handle small-volume 
prototype work as well as 
medium- to- high-volume produc- 

FRED STEELE is Fabrication Specialist 
at BOC Gases, East Peoria, IlL 

An assist-gas distribution 

system helps a company 

save money 

BY FRED STEELE 

tion quantities. Fabrication is a key 
element in Peoria. Several large 
manufacturers of heavy earth 
moving and agriculture related 
equipment are headquartered 
there, and many companies that 
supply these large manufacturers 
with outsourced products operate 
within a 30-mile radius. 

Gases  Used  in a 
CO 2 Laser 

There are three different types 
of gas applications in a CO 2 laser: 
lasing gas, assist gas and beam 
path purge gas. Lasing gas, typi- 
cally supplied in high- 
pressure cylinders, is used to cre- 
ate the laser beam itself. Assist gas 
(Fig. 1) blows away the molten 
metal created by the heat of the 
laser beam. Beam path purge gas 
provides a low-pressure positive 

Fig. 1 - -  The laser assist-gas distri- 
bu t ion  p i p i ng  at Precis ion Laser 
Manufactur ing. 



Fig. 2 - -  PLM's bu lk  l iqu id  storage tanks. Fpirg~3urePiLqMu~SdSkciydnmdOusn. tedsystem employ,  ng two smal l  h,gh 

pressure purge on the beam path that 
keeps out atmospheric gases. 

The assist and beam path purge gases 
are particularly important. A CO 2 laser 
uses assist gas, either oxygen or nitrogen, 
for cutting. When cutting mild steel, oxy- 
gen is typically the assist gas; for stainless 
steel, it is usually nitrogen. 

PLM needed a way to cost effectively 
deliver oxygen at low pressures (less 
than 250 Ib/in. 2) and deliver nitrogen at 
high pressures (up to 400 Ib/in.2). 

Instead of air from a compressor, 
PLM also uses nitrogen for its beam path 
purge gas. With the nitrogen purge, the 
company is assured no moisture or hy- 
drocarbons ~ are introduced into the 
beam path. This is due to the inherent 
"cleanliness" of nitrogen. Although ni- 
trogen costs more than compressed air, 
the cost is outweighed by the savings re- 
alized through less maintenance and 
cleaning of mirrors and other compo- 
nents. Additionally, when using nitro- 
gen to purge the beam path, the quality 
of the beam cannot be negatively af- 
fected by impurities. 

The assist gas is used at much higher 
flow rates and pressures than the beam 
path purge gas. When laser beam cutting 
mild steel with an oxygen assist gas, an 
oxide coating can form on the cut edge. 
This oxide coating makes postcut paint- 
ing and treating difficult as paint will not 
adhere to the oxide surface. The poten- 
tial for oxide coating has also made laser 
operators look more carefully at cutting 
mild steel with nitrogen - - the downside 
being slower cutting speeds and much 
higher pressure (150-450 Ib/in. ~) and 
flow requirements. 

I. Moisture and hydrocarbons (oil mist) are 
inherent in air from a compressor system, and 
they must be filtered, which requires mainte- 
nance. Nitrogen is inherently "dry," meaning 
the moisture levels are extremely low (in bulk 
l iquid nitrogen, the moisture level is ~ 1.5 
ppm), and the hydrocarbons are also ex- 
tremely low (- I ppm). 

Gases Supply Methods 
There are three primary methods of de- 

livering gases in quantity: bulk liquid 
tanks, portable liquid dewars and cradles. 

Bulk liquid tanks are permanently 
installed on site and vary in storage ca- 
pacity from 500 to 11,000 gal (1892.5 
to 41,635 L). Liquid bulk is the most 
cost-efficient method of purchasing gas. 
In a bulk liquid tank, the liquid product 
is pushed through a vaporizer that 
phases the liquid into gas. This method 
of gas delivery is well suited to high 
flow rates because the capacity of ex- 
ternal free-standing vaporizers can be 
matched to the company's need. Addi- 
tionally, no labor is required as these 
tanks operate automatically. The down- 
side is the pressure available. Typical 
bulk-liquid storage tanks have a maxi- 
mum allowable working pressure of 
250 Ib/in.L PLM needs pressures of up 
to 450 Ib/in.L 

Portable high-pressure liquid dewars 
are relatively small and do not require 
much floor space. They also meet the 
need for high-pressure withdrawal. Un- 
fortunately, they cannot maintain the 
high flow rates required because they 
must transform the liquid to gas. An- 
other negative is the labor needed to 
move these vessels within the plant, 
monitor their status and connect and 
disconnect them to the system. 

Cradles are typically 12 high- 
pressure cylinders connected to a com- 
mon header to which a pressure regula- 
tor is connected. Cradles meet the re- 
quirement for high pressure and flow 
rates. The downside is their size and 
weight, about 2000 Ib (900 kg). Their 
cost is also higher than liquid. As with 
the portable dewars, handling and 
movement within the plant utilizes 
labor. Cradles also occupy floor space, 
and cradles with residual gas product 
are often sent back to the supplier. 

Oxygen Delivery 
Because pressures for cutting mild 

steel using oxygen would be in the area 
of < 200-1b/in. 2, PLM converted to a bulk 
liquid storage tank - -  Fig 2. A mode 
change analysis worksheet was created 
that analyzed the cost of labor, product, 
and cradle and dewar rental vs. the 
proposed bulk product and facility fee. 
The analysis also showed when the 
payback occurs for PLM's initial startup 
costs, such as the concrete pad, fencing 
around the bulk pad and piping the 
plant. The savings on oxygen would be 
approximately $11,000 a year. 

Nitrogen Delivery m The 
New Solution 

The company's supplier, BOC 
Gases, provided a laser assist-gas sys- 
tem that uses a standard low-pressure 
(250 Iblin. 2) bulk liquid storage tank 
connected to a skid-mounted system 
employing two small, 200-L (52.84- 
gal), high-pressure liquid cylinders (Fig. 
3) connected to a switchover mecha- 
nism and piped to a free-standing va- 
porizer; from there, the gas is piped into 
the plant. 

The system basically functions as fol- 
lows: The liquid from the bulk tank fills 
the liquid tanks, one of which is the pri- 
mary tank, the other the reserve. When 
the primary tank reaches a preset lower 
level, it switches over to the reserve 
tank, and the bulk tank then refills the 
primary tank. The process then repeats 
itself as the reserve tank is depleted. 
Thus, the system allows for a continu- 
ous, uninterrupted flow of product, with 
no intervention necessary from the user. 

In PLMs' installation, a modem de- 
vice monitors the liquid level in the bulk 
tanks (along with the oxygen in the oxy- 
gen bulk tank) and deliveries are sched- 
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uled based on the information received 
through the modem device. 

A mode change analysis worksheet 
was also done to justify the initial startup 
costs. The nitrogen system would save 
PLM approximately $6000 a year and 
solve all the problems inherent with pre- 
vious methods of supply (movement of 
the cradles and portable liquid cylin- 
ders, the floor space this occupied, etc.). 

Piping/Pressure Regulation 
The way to set up these two bulk sys- 

tems at PLM was to set the pressures en- 
tering the plant at the highest they would 
use and reduce/regulate the pressure at 
the various use points. For instance, the 
beam path purge uses nitrogen at 80 
Ib/in2, while the same laser cutting 

PLM needed a way to 

cost effectively deliver 

oxygen at low pressures 

and deliver nitrogen at 

high pressures. 

stainless might use nitrogen at 400 
Ib/in2. A tee at each station was de- 
signed with two line regulators to allow 
for independent control of pressure. The 
oxygen pressure varies with the thick- 
ness of plate, so a line regulator is used 
to adjust the final line pressure. 

Key Benefits 
Essentially, the installation allowed 

for a "tap water" situation in that when 
the company needed the gas, it was 
ready and waiting, and no employee in- 
tervention was necessary. With the 
lower cost of gas from bulk liquid and 
fewer invoices to pay, the company ulti- 
mately saves money. • 
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Some say I've had 

In 1998. after years m the railroad industry, 
I realized the process of buying and selling 
used equipment was wasting too much of 
my company's time. I knew there had to be 
a better way. So I left to build it. 

a one track mind ever since. 

Introducing eSprocket.com-the only online 
used equipment market that does business 
the w a y  bus iness  is done .  W i t h  o n e  click, 

you're searching billions in general machinery 
inventory. When you find it, use our online 
Negotiation Table ~ to talk one-on-one with 
the owner and find out what's behind the 
listing. Then arrange appraisals, inspections, 
financing and shipping. And close the deal 
that's right for you. 

Coming soon: eSprocket.com. It's not a 
different way to do business. It's a better way. 
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Survey Reflects Stability in 
Welding Equipment Industry 

An industrial market survey conducted globally shows that while some market 
segments are on the decline, others are poised for growth 

BY ANDREW CULLISON 

~ n 1999, a study of the welding indus- 
try was conducted by Frost & Sullivan, 

a company that has been doing market 
research for more than 30 years. The 
300-400 industry studies done every 
year by the company are used for mar- 
keting strategy, by financial institutions 
and venture capitalists, and to help new 
companies entering the market. 

This particular study, which took six 
months to complete, is part of an update 
to a similar study on the welding indus- 
try done six years ago. The information 
was gathered from interviews con- 
ducted with 50-60 companies chosen 
because a variety of sources identified 
them as playing a major role in some 
segment of the welding industry. The 
companies are located worldwide. 

The majority of facts and figures pre- 
sented in the report comes directly from 
the companies themselves, with addi- 
tional information taken from Dun & 
Bradstreet reports, Frost & Sullivan in- 

ternal data and various external sources. 
Sanjeev Bhaskar, the lead analyst on 

the project, expressed confidence in the 
numbers. His background, which in- 
cluded six years working in the welding 
industry, added to this confidence. 
"With my experience, I have a basic un- 
derstanding of the industry, which 
helped in getting the right information 
and interpreting the data," he said. 

Segments of the industry that were 
investigated are as follows: 

• Arc welding equipment 
• Gas welding and cutting 

equipment 
• Resistance welding equipment 
• Electron beam welding equipment 
• Laser beam welding equipment 
• Ultrasonic welding equipment 
• Welding electrodes and filler 

metals. 
The full study is an extensive report 

of more than 200 pages covering the 
overall industry and its individual seg- 

ments. Market trends and 
forecasts to the year 2006 
are presented, as well as 
key issues driving each 
product segment and the 
major restraining factors 
that might hamper the 
growth of these segments. 
The report can be pur- 
chased. 

A brief summary of the 
survey is presented below. 
The compounded annual 
growth rate stated is growth 
averaged over the forecast 
period from 1999 to 2006. 

Analysis of Market Segments 

Arc Welding Equipment 
In 1999, this market was worth 

$2491.4 million, and it is projected to 
grow to $3009.8 million by the end of 
2006. It is generally considered a ma- 
ture market with any growth in one 
welding process usually coming at the 
expense of another process in this mar- 
ket segment. 

A factor that could drive growth is an 
increase in the worldwide investment in 
infrastructure, with a shift into using less 
concrete and more steel in the con- 
struction of that infrastructure. The mar- 
ket is expected to grow at a 2.2 to 3.3% 
rate during the period 1999-2006. A 
factor inhibiting growth is the increasing 
use of plastics and other synthetic mate- 
rials in products that previously required 
arc welding for their fabrication. 

Gas Welding and Cutting 
Equipment 

The outlook for oxyfuel welding in- 
dicates a continuing decline in use with 
an overall compounded annual growth 
of only 0.8% projected. The oxyfuel cut- 
ting market is performing better with 
growth forecast at 3.2%. The overall 
market for 1999 was $1401.0 million. 
That figure is expected to increase to 
$1642.7 million by 2006 with a com- 
pounded annual growth rate of 2.3%. 

The oxyfuel process has low equip- 

ANDREW CULLISON is Editor of the Welding Journal. Information on purchasing 
the report can be obtained from Cara Shevlin, at (210) 348-1018. 
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ment cost, portability and automation in 
cutting on its side, but the slow manual 
welding operation and a diminishing 
work force trai ned in the oxyfuel process 
are contributing to its limited growth. 

Resistance Welding Equipment 

The outlook for resistance welding 
equipment is encouraging. The 1999 
revenues of $1013.0 million are esti- 
mated to grow to $1382.1 million by 
2006, with a compounded annual 
growth rate of 4.5% projected. 

Factors favoring this market are a 
healthy automotive industry, environ- 
mental friendliness of the process and 
low-cost operation. 

Presently an overcapacity in the ra- 
diator industry is slowing new equip- 
ment investment in that segment, espe- 
cially in Europe. The pressure to reduce 
weight and cost in the manufacture of 
many products leads to the search for 
alternative nonmetallic materials, 
which may impact the use of resistance 
welding. 

Electron Beam Welding Equipment 

Although electron beam welding has 
remained stagnate over the years, it still 
remains the process of choice for certain 
applications. The total equipment rev- 
enues for 1999 were estimated at $52.6 
million, but a forecast of $68.2 million 
in 2006 is promising. 

Contributing to the projection of rev- 
enue growth are the faith and confi- 
dence shown in the process by the au- 
tomotive and aerospace industries for 
specific applications and the need to re- 
place or refurbish aging equipment. 

Inhibiting widespread use are the 
high equipment costs and competition 
from faster production processes. 

Laser Welding Equipment 

The laser welding equipment indus- 
try is experiencing market strength. Rev- 
enues for laser welding equipment are 
projected to have good growth into 
2006. With revenues in 1999 at $274.9 
million, the estimate for 2006 is $505 
million, reflecting a compounded an- 
nual growth rate of 9.1%. 

Flexible manufacturing systems, ma- 
terial processing capabilities, improved 
equipment reliability and easy integra- 
tion into production lines are all factors 
that contribute to growing demand. On 
the other hand, high initial cost, lack of 
awareness by end users of the capabili- 
ties and benefits of the process, and 
shortage of trained operators are re- 
straining growth. 

Ultrasonic Welding Equipment 

The market in 1999 generated 
$333.0 million in ultrasonic equipment 
sales, and the forecast for 2006 is a 

S P E C I A L T Y  C O R E D  W I R E  
A N D  C O A T E D  E L E C T R O D E S  
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healthy $629.1 million. This process is 
used to weld both plastic and metal 
components. The major growth is pro- 
jected to be from plastic's side, but metal 
applications might also be on the rise. A 
growth rate of 6 to 9% is estimated for 
this process. 

A factor promoting the use of this 
process is resistance to the use of adhe- 
sives for thermoplastic joining. Also, the 
demand for cost reduction may lead 
manufacturers to use more plastics in 
components. 

Welding Electrodes and 
Filler Metals 

The largest revenue-producing seg- 
ment of the welding industry is from 
electrodes and filler metals. Revenues in 
1999 were $5.69 billion, but the growth 
rate for this segment has been declining. 
The forecast for 2006 is $6.16 billion in 
revenues. The compounded annual 
growth rate is projected at only 1.1 %. 

Factors working against strong 
growth are the development of new ma- 
terials that require little or no filler met- 
als in their joining and the slowdown in 
the economies of Pacific Rim countries. 
Also, the demand for productivity in 
manufacturing has led to implementing 
joining processes and systems that put a 
premium on efficiency, which means 
less weld metal deposited. 

Conclusions 
The market for welding equipment, 

electrodes and filler metals is mature; it 
is very stable due to its central impor- 
tance to metal fabricating all over the 
world. There is demand for products in 
both developed and developing coun- 
tries, and the total market was $11.25 
billion in 1999. 

Recent softness in the European econ- 
omy and the economic downturn in Asia 
have affected market growth, but there are 
signs of economic improvement on those 
continents. At present, it appears the econ- 
omy of North America will remain 
healthy, but the next decade will require 
innovation from the welding industry to 
encourage strong growth in sales. 

Major companies have tried to blunt 
the cyclical nature of the industry and to 
spur growth through mergers and acqui- 
sitions. Some have succeeded, but oth- 
ers have failed. 

Overall, the prospects for the weld- 
ing industry look healthy, but growth 
will be slow. The total revenues are fore- 
cast to reach $13.39 billion by 2006, 
with a compounded annual growth rate 
projected at 2.5%. • 
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W E L D I N G  W O R K B O O K  Datasheet 239a 

Practical information for welders and others involved in welding and its al l ied processes. 

Dynamics of the Electric Arc 
A low-voltage, high-current 

electric arc is the common heat 
source for fusion welding. The 
welding arc consists of a sustained 
electrical discharge across a gap 
between two poles, commonly an 
electrode and a base metal. The 
arc's stability, energy, temperature 
and spectral emission are signifi- 
cantly affected by the pole materi- 
als, the gases in the gap and cur- 
rent level. The two standard cate- 
gories for welding arcs are one 
pole a nonconsumable electrode, 
or one pole a consumable elec- 
trode. The nonconsumable pole in 
arc welding is commonly made of 
a tungsten material. The composi- 
tion of the consumable electrode 
varies, for not only is it the source 
of the electrical discharge but it 
also provides filler metal to the 
weld joint. 

The common configuration for 
a welding arc can be visualized as 
a round column between the 
poles, somewhat constricted at the 
electrode end and more broad at 
the base metal - -  Fig. 1. The col- 
umn consists of two hazily demar- 
cated zones: the outer mantel and 
the inner plasma. 

The highly ionized gases and 
solids in the plasma offer the main 
path for the current and generate 
the area of greatest heat. The tem- 
perature in the arc depends on cur- 
rent level, but the type of matter 
forming the plasma can also influ- 
ence temperature. An arc can be 
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Fig. 1 -- Illustration of a nonconsumable electrode operating on direct current elec- 
trode negative. Current flow and typical temperatures are shown. 

maintained with very low current levels, but typical arc 
temperatures range from 5000 to 30,000 K. Equipment de- 
signed to take special power loading or constrict the plasma 
can generate heat in excess of 30,000 K. 

Ionization takes place when electrons are removed or 
added to the outer shell of an atom, changing its electrical 
state from neutral to charged. An atom becomes positively 
charged when electron(s) are removed from it, and nega- 
tively charged with the addition of electron(s). Atoms that 

have electrons removed or added are called ions. In Fig. 
1, electrons from the power source flowing from the tip of 
the electrode (cathode) are attracted to the base metal 
(anode) where they release heat on impact. The electrode 
attracts positively charged ions. 

The temperature in the mantel is not as high as in the 
plasma. Metals that may have vaporized in the plasma may 
condense in the mantel, leaving very light metal oxide de- 
posits adjacent to the weld after passage of the arc. 

Excerpted from Welding Metallurgy Vol. 1, 4th Edition. 
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Datasheet 239b 

Pinch Effect of a Consumable Electrode 
The use of a bare steel rod as a consumable electrode 

was first recorded in 1881. There was difficulty in initiat- 
ing the arc, but its operation gave promise for future de- 
velopment. The introduction in 1907 of a steel rod cov- 
ered with fluxing ingredients brought a much needed im- 
provement in arc stability and weld quality. It was learned 
that by manipulating the ingredients in the covering that a 
variety of things could be accomplished with the arc, not 
the least of which was the control of the way the molten 
metal transferred from the electrode to the base metal. 

The variety of forces that affect the transfer of molten 
metal have been studied extensively through the years, in 
addition to flux composition, the types and mixtures of 
shielding gases used with flux cored and solid welding 
wires have also been found to play a major role in the na- 
ture of the transfer. 

One of the dynamics of the transfer is called the "pinch 
effect." The supersonic movement of electrons and ions in 
the arc plasma gives rise to a magnetic field around the arc 

column. As seen in Fig. 2, when a metal droplet forms at 
the tip of the electrode, this magnetic field acts as a squeez- 
ing force, constricting the molten metal at the tip of the 
electrode. Then the magnetic forces acting perpendicular 
to the constriction pinch off the droplet and propel it to the 
base metal. 

Pressure from gases formed during the rapid heating of 
the metal at the electrode tip and the density of current 
passing through the "necking" part of the droplet may also 
assist the propulsion of the molten metal. The force of the 
plasma stream then accelerates the droplet to the base 
metal. 

The surface tension held by a liquid acts to hold the 
metal droplet as it enters the weld pool. Of course, solidi- 
fication of the molten metal must be accelerated through a 
combination of current control, technique and electrode 
formulation to counteract gravitational forces when weld- 
ing out of position. 

IABLE METAL 
3"I'RODE 

TIP 

MOLTEN DROPLET STARTS TO 
FORM ON ELECTRODE TIP 
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CURRENT FLOW / 
CONSTRICT PLAS 
TO PINCH MOLTE! 
AT ELECTRODE TI 

"PINCH EFFECT" SE~ 
MOLTEN METAL DROF 
FROM ELECTRODE TI 
DROPLET IS PROPELI 
TOWARD WELD POOL 

Fig. 2 -- Illustration of the pinch effect of a consumable electrode using direct current electrode positive. 
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81st ANNUAL AWS CONVENTION & INTERNATIONAL 
WELDING & FABRICATING EXPOSITION 

The Best 
Fabricating 
EVENT of 
the year 

The 81st Annual Convention begins 

Tuesday, April 25, and continues 

through Friday, April 28. Hours are 

9:00 a.m. - -  5:00 p.m. The Official 

Opening of the International Welding and 

Fabricating Exposition is scheduled for 

8:15 a.m. on Wednesday, April 26. AWS 

Expo hours are Wednesday and Thursday 

from 8:30 a.m. to 5:30 p.m., and Friday, 

April 28, from 8:30 a.m. to I p.m. 

On-site registration at McCormick Place 

will be from Tuesday, April 25 through 

Thursday, April 27, 7:30 a.m. to 5:30 

p.m., and Friday, April 28, from 

7:30 a.m. to 1:00 p.m. 
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Tuesday, Apri|  25  

Opening Session 
9:00 a.m.- II :00 a.m. 

The 81st AWS Annual Convention begins at 
9:00 a.m. The AWS Annual Business Meeting 
includes the President's Report and the induction 
of the 2000 Class of AWS Fellows, and is open to 
all AWS Members. 

Comfort A.Adams Lecture 
I I:00 a.m. - 12:00 noon 

Named after AWS Founding Father and First 
President Comfort A. Adams, this lectureship is 
one of the most prestigious recognitions that 
can be bestowed within the industry. The 2000 
Comfort A. Adams Lecture is being presented by 
Dr. Tarasankar DebRoy, a professor of materials 
sciences and engineering at Pennsylvania State 
University. Dr. nebRoy is internationally known 
for his work on transport theory and chemical 
processes associated with arc and laser beam 
welding. An AWS Fellow (Class of 1999), Dr. 
nebRoy has also contributed to the understanding of 
weld metal geometry, chemical composition and 
structure. He currently directs projects for the 
U.S. Department of Energy and the Office of Naval 
Research, among others. 

The 57th lecture in the Adams series is 
titled "Computer Modeling - -  A Path to 
Understand the Science of Welding." 
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Get Acquainted Luncheon 
Sheraton Hotel 
12:00 noon - 2:30 p.m. 

Want to know the low-down on the guest 

sitting next to you at this special function? Then 

join in with other AWS Convention-goer spouses 
for a sensational lunch and learn the secrets 
only astrologers can reveal. Several of these 

mediums will be on hand to give individual 

readings and answer questions yon may have 
on "the sight." 

$30. Please use registration code 102. 

AWS Officers' Reception 
Sheraton Hotel 
6:00 p.m.- 7:30 p.m. 

This stylish annual party is attended by both AWS 
Members and nonmember Expo-goers alike and 
is a great way to kick off the week-long convention. 
Meet the AWS Of~cers, new friends, new Members 
and new prospects in an elegant setting. Cash 
bar, complimentary hors d'oeuvres buffet. Evening 
business attire, please. 

Thomas Lecture 
1:30 p.m.- 2:00 p.m. 

Mr. Frithjof Zentner of NAS-DIN will be this year's 
Thomas Lecturer. Mr. Zentner's involvement and 
expertise in the field of welding spans many years. 
He has been employed at DIN e. V. (German 
Institute of Standardization) for almost 40 years and 
is responsible for the coordination of National, 
European and International Standards in the field of 
welding and allied processes, lie has been actively 
involved in the IIW since 1970 and currently leads 
the department of welding (NAS) at DIN. In 
addition, Mr. Zenmer is the Secretary of several 
European and ISO Standards Committees. His 
lecture is titled, "Connections and Results of 
European and International Standardization 
in the Field of Welding." 

Wednesday,  Apri l  26  

Opening of the 2000 AWS Expo 
8:15 a.m.- 8:30 a.m. 

A short, symbolic ceremony has evolved into 
a spirited, exciting event that sets the mood for 
Expo-goers about to enter a welding and fabricating 
equipment extravaganza. Hosted by incoming AWS 
President L. W. Myers. 

Free Seismic Session for 
East-of-the-Rockies Engineers 
Cosponsored by AWS and AlSC 

I0:00 a.m.-  II :30 a.m. 
Steve Ashton, the assistant director of education 

for the American Institute of Steel Construction 
(AISC), is presenting significant information on two 
important issues for low seismic-prone areas: lateral 
framing systems and new filler metal toughness 
requirements in static application. 

Ashton, a professional engineer (PE), has worked 
both at a desk, as a structural engineer for Burns 
& McDonnell, Kansas City, Missouri, and with his 
hands as a fabricator for Egger Steel-- so he'll be 
delivering the kind of straight talk you need on the 
following: 
• Seismic and code information that applies to 

lateral-load-resisting systems in low-seismic 
regions 

• The underlying concepts and details for braced 
frames and moment frames 

• What's behind these code provisions and what 
you can expect to be working with 

• The new AISC requirements for the use of 
filler metals with specified toughness 
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Get together for fellowship and inspiration as Dr. 
Terry Nelson-Johnson and Kate neVries address the 
topic "Are You Grounded?" Some have referred to 
God as "the ground of our being," a phrase which 
should strike a chord with welding professionals. 
Kate and Terry will ask you to consider the question: 
"Am I sufficiently grounded in a reality that will help 
me meet life's chaUenges?" 

Dr. Nelson-Johnson is director of Community 
Formation at Old St. Patrick's Church in Chicago. 
His dynamic style has made him a popular speaker 
on a national level. Ms. neVries is the associate 
director of the Young Adult Ministry Office for the 
Archdiocese of Chicago. 
$20. Please use registration code 116. 

Plummer Memorial 
Educational Lecture 
9:00 a.m.- 10:00 a.m. 

This award recognizes outstanding individuals 
in the academic community and was installed to 
reflect the contributions of AWS President and 
Executive Director Fred L. Plnmmer. Edward 
R. Bohnart, president, Welding Education 
and Consulting, Winneconne, Wisconsin, and 
AWS Past President (1995- 1996), will present 
"Skill Standards: Are We Raising the Bar 
or Promoting Mediocrity?" 

. . . . . . . . . . .  O . . . . . . .  

I0:00 a.m. - 12:00 noon 
A. Cultural Differences in Welding Training: 

An American Instructor in Mexico 
Dr. Angie Hill Price, assistant professor, 
Texas A&M University, College Station, Texas 

B. What Makes a Successful Welder? A Four-Year 
Tracking of 300 Welding Careers 
J. Wayne Western, instructor, Ogden-Weber 
Applied Technology Center, Ogden, Utah 

C. How AWS is Furthering the Joining Sciences 
through its Foundation and the National 
Educational Scholarship Committee 
Nancy i .  Carlson, Consulting Technical Specialist, 
Idaho Falls, Idaho 

n. S.E.N.S.E. Program Update 
A. J. Badeaux, instructor, Crossland High School, 
Temple Hills, Maryland 

73rd AWS Awards Ceremony 
12:00 noon - 2:00 p.m. 

The first AWS award, the Samuel VSe Miller 
Memorial Medal, was presented to Comfort A. Adams 
in 1927. As the Society, and the industry it serves, 
has grown, so has the need to recognize outstanding 
scientists, engineers, educators and researchers. Join 
an assembly of distinguished award presenters, 
recipients and guests for a well-paced ceremony and 
fine dining. 
$30. AWS Members use registration code 107; 
others, please use 108. 

E3 Welding Nickel- 
Containing Alloys 
2:00 p.m.- 5:00 p.m. 
A. The Role of Nickel in Welding Today's 

Industrial Alloys 
Richard E. Avery, consultant to the Nickel 
Development Institute, Toronto, Canada 

B. Fabricating Nickel-Base Alloys Is No Harder 
Than Welding Carbon Steels 
Greg Hoback, staff welding engineer, Haynes 
International, Kokomo, Indiana 

C. Basics of Welding the Nickel Alloys 
Donald J. TiUack, consultant to the Nickel 
Development Institute, Toronto, Canada 

The 2000 Education Program is comprised of the 
Plummer Lecture, Session E1 and Sessions E2 or ED. 
Registration fee includes handouts, transportation ff 
E2 is selected, and admission to The Expo. The 
Phmmer and Sessions E1 and E3 are in McCormick 
Place; E2 is at The Lincoln Electric Co.'s Chicago 
District Office. AWS Members, $50 - -  use Code 31 
for E1 and E3 or Code 88 for E1 and E2; others, 
$95 - -  use Code 39 for E1 and E3 or Code 89 
for E1 and E2. 

New for 2000 
The Educators' Booth 

Stop by, kick back and network with your 
education and training peers at the invitation of the 
AWS Educators' Subcommittee. Get your educator 
designation ribbon and wear it with pride. Meet the 
U.S. gold medal winner of the 1999 International 
Skills Competition, Ray Connolly of Belleville Area 
College (Illinois) - -  introduce him to your students. 
Spend some time online to see what AWS is offering 
educators at its Web site. 
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This is an off-site event with transportation provided. 
Hands-on opportunities and live demonstrations. 
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Welding in Food 
Industry Applications 
sponsored by the a WS D18 Committee on 
Welding in Sanitary Applications 
{;hair: Richard E. Avery, Nickel Development 

Institute 
Co-Chair: Jerry R. Miller, International Training 

Institute 

Wednesday, April 26 

9:00 a.m.- 5:00 p.m. 
Don't miss this opportunity to hear reports on 

how to meet high sanitary and cleanability standards 
when welding food processing equipment, material 
preparation and welding procedures, clean-in-place 
requirements and inspection. 

I. Importance of Welding in the 
Food Industry 
Food industry stainless steel equipment must meet 

high sanitary and cleanabifity standards. The indusTry 
has long recognized the importance and essential role of 
welding in producing this equipment. 

Mr. Dennis Hehnke, president, Flow Products, ILC, 
Kenosha, Wisconsin. 

2. Stainless Steels: Properties for 
Food Industry Use 
A discussion of structure and corrosion resistance of 

typical stainless steels used in processing and handling 
food products. Stainless steels are widely used in the 
food indus~ A better understanding of them Hill lead 
to improved and intelligent applications. 

Roger A. {;overt, consultant to the Nickel 
Development Institute, Middletown, New Jersey 

3. AWS Specification D 18.1 - -  
Specification for Welding of Austen~c 
Stainless Steel Tube and Pipe 

Systems in Sanitary (Hygienic) 
Applications 

Tiffs discussion Hill address the new DI8.1 
specification for welding austenitic stainless steel tubing 
in sanitary (hygienic) applications. This discussion will 
also address the welding qualification and visual 
examination requirements of the specification. Learn 
how to use a new specification, application and 
limitations of specifications, qualifying to the 
specifications and meeting visual requirements of the 
specification. 

James R. llannahs, PE, consultant, Troy, Ohio; 
Chairman, AWS DI8 Committee 
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4. The Basics of Design and Welding of 
Food Processing Equipment 
The welding of food processing equipment should be 

a science, not an art. This presentation Hill cover basic 
awareness of the standards available that can be used for 
welding of food process equipment, what weld joints are 
typically encountered, what type of welding equipment 
and procedures are used, and what postweld treatments 
are beneficial to the corrosion resistance and 
cleanability of the welded joint. 

Joseph R. McSwiggin, PE, senior project engineer, 
Rodem, Inc., Cincinnati, Ohio; member, AWS 318 
Committee 

5. Preparation forWelding and 
Welding Procedures 
The focus will be on weld preparation d austeuitic 

stainless steel tube welding procedures as it relates to 
the food industry. 

M. P. (Mike) Lang, welding director, United 
Association, Local 501, Aurora, Illinois; member, 
AWS DI8 Committee; and'tim Sheennn, E.H. Wachs 
Co., Wheeling, Illinois; member, AWS D18 Committee. 

6. Clean-in-Place (CIP) Application 
in Food Processing and 
Pharmaceutical Industries 
Discussion on the basic CIP theory for cleaning 

welded fabricated processing systems in food and 
pharmaceutical plants. Learn techniques used to clean 
product contact surfaces of processing equipment. 
Special focus would be on clean "as-welded" surfaces. 

Larry Hanson, president, Saui-matic Systems, 
Madison, Wisconsin; member, AWS D 18 Committee. 

7. Inspection of Welds for Food Service 
Welds in food services have a wide range of 

acceptance criteria. Inspection methods and techniques 
depend on these criteria. Learn what inspection 
methods to use, typical equipment and techniques. 

Richard D. Campbell, president, Welding 
Solutions, Inc., Broomtield, Colorado; member, 
AWS D18 Committee 

AWS Members $295- use registration code 80; 
others, $370- use registration code 81. Registration 
includes refreshments, lunch and handouts. Fee also 
includes admission to the 2000 AWS Expo. Nonmembers 
receive one year's membership in AWS. 

Aluminum Welding: 
A Two-day Seminar 
sponsored by the aWS and The Aluminum Association 

Thursday, April 27 

8:00 a.m.- 11:45 a.m. 
Session h Fundamentals of Materials, 

Safety and Health 

I. An Introduction to Aluminum Joining 
Learn why the basic measure of aluminum joinability 

is the alloys composition and melting range. 
Frank G. Annao, senior application engineer, 

Application Engineering Department, The Lincoln 
Electric Company, Cleveland, Ohio 

2. Safety and Health Considerations 
for Welding Aluminum 
Although aluminum welding is a relatively safe 

process, the welder must be aware of potential exposure 
to physical and chemical agents emitted during the 
welding process and the effects of the alloying elements. 

Seymour G. Epstein, technical director, 
The Aluminum Association, Washington, D.C. 

3. The Aluminum Designation System 
and Characteristics of Aluminum Alloys 
An explanation of The Aluminum Association's 

aluminum alloy and temper designation system. Plus, the 
physical and mechanical properties of aluminum and 
aluminum alloys. 

Peter Pollak, manager, The Aluminum Association, 
Washington, D.C. 

4. Aluminum Welding Metallurgy 
The basics of aluminum alloy metallurgy and the 

effects of welding on ~oy prope~es. Advice on Aller 
alloy selection and the judicious use of preheat. 

Frank G. Amao 

5. Filler Alloy Selection 
Get an understanding of the variables involved in the 

selection of filler alloys, including welded component 
service requirements and the characteristics of the 
particular base alloy being welded. These variables 
are essential to designing a successful welding proce- 
dure specification. 

Tony Anderson, technical service manager, AlcoTec 
Wire Company, Traverse City, Mich 
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Why metal preparation is one of the key steps toward 
producing good quality welded joints. 

William Christy, welding technologist, Alcan 
International, Kingston, Ontario, Canada 

7. Gas Metal ArcWelding 
(GMAW) of Aluminum 
Learn the most suitable GMAW equipment 

combinations for welding aluminum. Also explained: 
metal transfer modes, shielding gas types, wire feed 
systems, and power source selectinn, constant voltage, 
constant current, pulse or variable polarity. 

Tony Anderson 

8. GasTungsten Arc Welding (GTAW) 
andVariable Polarity Plasma 

Arc Welding (VPPAW) 
A presentation on welding aluminum utilizing these 

two processes. 
William Christy 

9. Fundamentals of Brazing and 
Soldering Aluminum 

An emphasis on die wetting, spreading and the 
significance of contact angles, surface oxides and the 
importance of deanliness; advantages and disadvantages 
of brazing, outlining the critical steps and manufacturing 
issues; the principles related to joint design, fixturing, 
joint dearance and thermal-expansion mismatch; clean- 
ing, filler-alloy selection and applcation methods; how 
to protect the joint and filler during brazing using fluxes 
and atmospheres; heat sources; destructive and nonde- 
structive inspection; codes and standards; and health 
and safety issues. 

Dr. Daniel Hauser, principal research engineer, 
EWI, Columbus, Ohio 

eertormance 

10. Design and Performance of 
Aluminum Welds 

How to extract maximum performance by factoring 
in strength, toughness, fatigue, corrosion and other vari- 
ables into die design of aluminum welds. 

Donald D. Eager, planning supervisor, Reynolds 
Metals Company, Chester, Virginia 

I I. Weld Discontinuities: Causes & Cures 
The discontinuities normally encountered in 

aluminum arc welds; how to detect the discontinuities; 
the possible causes of the faults; and how to avoid 
creating weld discontinuities. 

Paul B. Dickerson, consultant, Lower Burrel, 
Pennsylvania. 

12. Role of Grain Structures in 
Aluminum GTA Welds 

The relationship between grain structure and 
soldification cracking and how the weld process 
parameters can affect grain structure. 

Dr. Jo Ann Clarke, automotive applcations 
engineer, Alcan Global Automotive Products, Farmington 
Hills, Mich. 

13. Application of the AWS Structural 
Welding Code - -  Aluminum 

The latest revisions to the D1.2 code. When, where 
and how to apply the 01.2 code to ensure quality 
workmanship and structural integrity. 

Donald D. Rager, member, AWS O1.2 Commilee 
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of A~uminum" 
The presentation will describe how to weld 

aluminum alloys using laser and nonvacunm electron 
beam welding. 

Dr. Jo Ann Clarke 

15. Friction StirWelding of AI Alloys 
The presentation will describe the process used in 

friction stir welding A1 alloys and their microstructures 
and mechanical properties. 

Dr. Thonms J. Lienert, research engineer, EWI, 
Columbus, Ohio 

16. RoboticWelding of Aluminum 
The latest developments in arc welding power source 

design and wire feeding concepts used in robotic arc 
welding of aluminum will be presented. For those 
companies seeking to optimize production applcalons, 
Mr. Morehead will describe a new programmable power 
source output wave form for popular aluminum wire 
chemistries that offers additional flexibility. 

Tun Morehead, marketing manager, Automation 
Division, The Lincoln Electric Company, Cleveland, Ohio 

AWS Members, $450- use registration code 56; 
others, $525- use code 57. Registration includes 
all presentations, handouts, refreshments and lunch. 
Fee also includes the following: 

AWS's D 1.2:1999 Structural Welding Code - -  
Aluminum, AA's Wrought Alloy Registration Records, 
Casting Alley Registration Records, Welding 
Aluminum Theory and Practice, and Aluminum 
Standards & Data - -  2000. 

In addition, Seminar-goers also receive complimentary 
entry to the 2000 AWS Expo. Nonmember fee includes a 
one-year membership in AWS. 
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McCormick  Place, 
N e a r  Technical Sessions 

Graphic displays of technical achievements are 
presented for close, first-hand examination in the 
Poster Session. Posters present welding results 
and related material that are best communicated 
visually, as well as research results that call for 
close study of photomicrographs, tables, systems 
architecture or other illustrative materials. 

The posters are presented in four categories: 
(a) 2-year degree or certificate student level; 
(b) 4-year degree student level; 
(c) Graduate degree student level; and 
(d) Commercial/Professional Division 

Student Category A: 2-year or 
Certificate Program 

SPA-1 

SPA-2 

SPA-3 

SPA-4 

SPA-5 

SPA-6 

SPA-7 

SPA-8 

SPA-9 

Automated Orbital Gas Tungsten Arc 
Welding of Stainless Steel Canisters, 
by G. Loiacono and M. Dowd, Alfred 
State College. 
Ultrasonic Inspection of Electron Beam 
Weldments, by L. Woroniecki and 
N. Mangino, Alfred State College. 
Femte Application on Welds, by 
D. I. Alfaro, North Harris Community 
College. 
The Annealing of Ti-GA1-4V, by 
S. Corone, North Harris Community 
College. 
Welding Joint Porosity, by R. J. Stark, 
North Harris Community College. 
Metallurgy in the Weldability of Tool 
Steels, by G.Vazquez, North Harris 
Community College. 
Incone1625 Overlay for API Ring 
Grooves, by i .  Berckenhoff, North 
Harris Commtmity College. 
Flame Hardening, byJ. Hudson, North 
Harris Community College. 
Damascus Steel, by G. Stafford, North 
Harris Community College. 
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SPB-1 Some Aspects Regarding the 
Possibilitites of Manufacturing the 
Friction Welded Joints, by E Octavian, SPC-5 
Technical University Gheorghe 
Asachi lasi. 

SPB-2 Welding Process Effects on Weldability S1~-6 
Testing of HPS 70W High Performance 
Steel, by D. Thiessen, LeTourneau 
University. 

SPB-3 Innovative Testing of High Performance SPC-7 
Steel Welds, by D. Ryan, LeTourneau 
University. 

SPB-4 Effects of Welding on Grain Boundary 
Engineered Material, by R. J. Steel, S~-8 
Brigham Young University. 

SPB-5 Weld Force Triggering and Feedback 
for Resistance Spot Welding of Steel, 
Aluminum and Titanium, by W. Barkley, 
J. Wolford and B. Henderson, The Ohio SPC-9 
State University. 

SPB-6 The Effects of Weave Patterns and 
Welding Conditions on Weld Fusion 
Zone Morphology and Through-Arc 
Seam Tracking Performance, by 
T. Gray, J. Liwang and D. eham, SPC-IO 
The Ohio State University. 

SPB-7 Surface Alloying of Nickel-Base Alloys, 
by R. Davis, B. Galliers and 
i .  Schoppelrei, The Ohio State 
University. SPC-11 

SPB-8 Improved Welding Through Modeling 
of IN 718, byR. m. Deacon, Lehigh 
University. 

Student Category C: 
Graduate Degree Program 

SPC-I 

S1~-2 

SPC-3 

The Effect of Multiple Postweld Heat 
Treatment Cycles on the Weldability of 
Waspaloy, by M. Qian, The Ohio State 
University. 
Optimizing Weld Design of Pressure 
Vessels in Thermal Cycling Service, 
by J. Penso, The Ohio State University. 
Guiding Electrical Discharges with a 
Low-Power Carbon-Monoxide Laser, by 
J. g. Eastman, Edison Welding Institute. 

SPC-12 

SPC-13 

K. R. Son and S. S. Kang, R. I. S. T. 
Pusan National University, S. Korea. 
Development of a Test Technique for 
Ductility Dip Cracking, by N. Nissley, 
The Ohio State University. 
Joining of Sapphire and SUSD16L 
Stainless Steel, by Y. Murakami, 
Y. miyazawa, T. Ariga and T. iasuda, 
Tokai University, Japan. 
Assembly of Structural Parts by Brazing 
Technology, by T. Ikegawa, T. Ariga 
and Y. iiyazawa, Tokai University; and 
T. Kuroyanagi, MEIKI. Co. Ltd., Japan. 
Brazing of Mg Alloy, by N. Masuda, 
T. Ariga, A. iiyazaki and 
Y. Miyazawa, Tokai University; and 
n. Matsunami, Kayoh Technical 
Industry Co. Ltd., Japan. 
Laser Micro-Welding for Marginal Lap 
Joining of Ultra Thin Sheet Metals, by 
J. nu and A. Kar, University of Central 
Florida; W. P. Latham, Air Force 
Research Lab; andJ. Longobardi, 
Metal Tech Industries. 
Investigation of Solid-State Reactions 
between Simulated Slag Deposits and 
Fireside Boiler-Tube Weld Claddings, by 
N. Barbosa, A. R. marder and 
J. N. DuPont, Lehigh University. 
Validation and Application of a 
Multi-Component Thermodynamic 
Database for Solidification Modeling of 
Fusion Zones, by B. Newbury, 
Lehigh University. 
Laser Weld Plume Dynamics, by 
K. R. Kim and D. Farson, The Ohio 
State University. 
Trans-varestraint Testing of Aluminum 
Alloys, by S. Norton, The Ohio State 
University. 



P-2 

e-3 

P-4 

1-5 

P-6 

P-7 

P-8 

e-9 

P-IO 

A Pressure Vessel, by Z. Sun, 
K. W. Heng and C. P. Ang, Singapore 
Welding Society. 
Joining Boron Carbide Reinforced 
Aluminum Metal Matrix Composites, 
by H. Zhang, Reynolds Metals 
Company. 
Studies on the Weldability of 
Aluminum, Brass and Copper in Small- 
Scale Spot Welding, by B. Chang and 
Y. Zhou, University of Waterloo, 
Canada. 
Vibrational Stress Relief of Weldment, 
by W. Wu, I-Shou University, Taiwan. 
Project W.E.L.D. Worthy Employment 
Leadership Development, by 
R. E. Hart, Municipality of 
Cleveland City Schools. 
Closure Welds for the High-Level 
Radioactive Waste Containers, by 
i .  C. Knapp and J. A. Cogar, 
Framatome Cogema Fuels. 
100 Percent Quality Assurance for 
Inertia Welding through Intelligent 
Data-mining Techniques, by 
n. A. nartman, i .  J. Cola and 
V. R. Dave, Los Alamos National 
Laboratory. 
Contact Tube Temperature during 
GMAW, by T. Siewert, G. Adam and 
T. Quinn, MIST. 
Application of Backscattered Electron 
Diffraction to Understanding 
Weldability Phenomena, by 
J. N. DuPont, Lehigh University; and 
J. Michael and C. V. Robino, Sandia 
National Laboratories. 
Measurement of Residual Stresses in 
Welds Using Electronic Speckle Pattern 
Interferome~ by V. R. Dave, 
P. Rangaswamy and E Smith, Los 
Alamos National Laboratory; and 
J. Milewski, and Greg Hayman, 
HYTEC, Inc. 
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experience in resistance welding began with the design 
and maintenance of production welding equipment and 
later rising to the chair of Medar Canada, Ltd. Today, Mr. 
Alexander is the principal of a consulting company and a 
sought-after instructor and troubleshooter. He holds a 
master's degree in electrical engineering and has been 
affiliated with both TWI and EWI. He is a member of both 
AWS and the Welding Institute of Canada. 

Steve M. Ashton 
Lateral Framing Systems East of the 
Rockies and New Filler Metal Toughness 
Requirements in Static Applications 

Steve Ashton is the assistant director of education 
for the American Institute of Steel Construction (AISC). 
He has been with the organization since 1998. Prior to 
joining AISC, he was a structural engineer for Burns & 
McDonnell in Kansas City, Missouri. Ashton gained hands- 
on fabrication experience while working for Egger Steel 
Company. He holds a bachelor's degree in civil 
engineering from South Dakota State University and a 
master's degree in civil engineering from the University of 
Kansas. 

Edward M. Beck 
Road Map to the D I.I Code 

With over 30 years of experience in the steel welding, 
testing and inspection industry, Edward Beck is a popular 
speaker. He is a registered professional engineer and 
holds a bachelor's degree from Auburn University. 
Currently, he is the vice president and corporate 
consultant at LAW Engineering and Environmental 
Services. His professional affiations include AWS, AISC, 
ASME and ASNT, and for several years he served on the 
AWS DI Structural Welding Committee. 

Edward R. Bohnart 
ArcWelding Power Sources: How to 
Extract Optimum Performance from Your 
Equipment Investment 

Ed 8olmart is the principal of Welding and Education 
Consulting in Winneconne, Wisconsin. He hunched his 
consulting practice after a successful career with Miller 
Electric Mfg. Co., where he directed its welding school. 
He is an AWS Distinguished Member and Past President. 
Bolmart has been active in the VlCA program and 
instrumental in the organization of the AWS Welding 
Trials as an IWW USA Technical Expert. For six years 
Bohnart was the Chair of the AWS C5 Committee on Arc 
Welding and Cutting and remains an Advisor. 

Dr. Campbell joined the AWS Precision Joining Center 
as a senior researcher/faculty member after an 
established career with EG&G Rocky Flats, Westinghouse 
and Rockwell International. Campbell is an expert on 
welding stainless steels and nickel alloys and a 
recognized speaker on the techuical/college lecture 
circuits as well as a popular AWS CWI/SCWl prep 
instructor. Currently, he serves on both the AWS Gas 
Tungsten Arc Welding and Sanitary Applications 
subcommittees, as well as ASME's Materials Joining 
(bioprocessing equipmen0 subcommittee. 

Kenneth W. Coryell 
Welding Quality Assurance Management; 
The Why and How of Weld Procedure 
Specifications:The Right Way to 
DocumentYour Welding Controls to 
SaveTime, Money and, Maybe, 
Your Credibility 

Ken Cor eU's experience includes welding quality 
assurance, quality control, nondestructive examination 
and welding engineering for the electric utility, petro- 
chemical, aerospace, shipbuilding and structures 
industries. He is an ASNT Level [] certitkate holder in 
radiography and hquid-penetrant testing, an AWS 
Certified Welding Inspector and a registered Professional 
Engineer. 

For 10 years, Mr. Coryell's 12-hour video course, 
"Welding Inspection Technology," has been used to 
prepare candidates for the CWI examination. He earned 
both his bachelor's and master's degrees in welding 
engineering from The Ohio State University. His 
professional attiliations include AWS, ASNT, ASME, ASM 
International and the National Society of Professional 
Engineers. He is currently a welding and quality 
consultaat based in Old Lyme, Conn., and is a frequent 
seminar leader and author for AWS. 
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Measurements and Instrumentation 
Mr. Destefan is the president of High Current 

Technologies, Inc. (OCT). He has 21 years' experience 
in welding equipment instrumentation, calibration and 
metrology, and automation and data acquisition systems. 
Mr. nestefan is a member of the IEEE, AWS and is a 
member delegate for the NCSL. He is a member of the 
AWS C5C Committee on Gas Tungsten Arc Welding and 
the AIO Committee for the Measurement of Single Phase 
Resistance Welding Currents. He has worked for 
Rockwell International, EG&G Inc., and Kaiser-Hill, LLC. 
Mr. Destefan holds BSEE and ME degrees from the 
University of Colorado. Before founding HCT, he held 
the position of staff instructor at the AWS Precision 
Joining Center. He has presented workshops on 
Resistance Welding High Current Measurements and 
Calibrations at the 1995 and 1996 American Welding 
Society International Conventions. He has also present- 
ed papers at ~ Measurement Conferences, NC~L and 
at the AWS Sheet Metal Welding Conference. Mr. 
Destefan holds one patent in the area of resistance 
welding measurements and has one patent pending 
for a high-current sensor. 

Jesse Grantham 
Business Strategies forWelding 

Dr. Jesse Grantham is a welding engineer with more 
than 30 years of experience in the field. His consulting 
firm provides training and testing of wdding technology. 
Dr. Grantham's specialized knowledge includes welding 
management and design of manufacturing operations; 
welding metallurgy; welding codes, standards and 
specifications; underwater welding; and nondestructive 
testing. He is a widely recognized expert in the fields of 
welding, welding management, welded steel construction 
and welding processes used in manufacturing. 

Douglas H. Harris 
Introduction to Thermal Spray: Processes, 
Coatings and Applications 

Doug Harris, a veteran instructor and cofounder and 
president of APS-materials, Inc., brings his 35 years of 
thermal spray process experience to the course 
content. While working for Monsanto Research Corp., 
he specialized in plasma spray technology. A holder of 
seven patents, awarded or pending, he has authored 
more than 25 articles and papers. 

concern Hellier and Associates, is ~rrendy vice 
president of Rockwood Service Corp., a muhidiscipline 
organization offering a wide range of technical services 
throughout North America. Hellier has more than 40 
years of experience in QA and inspection. Aside from his 
PE credentials, he is a board-certied forensic examiner 
and holds Level II certifications in five nondestructive 
testing methods. 

Hellier has held many volunteer positions with ASNT, 
including president, and is an ASNT and ABFE Fellow. 
Today, he holds the Secretary oflicership for the 
Nondestructive Testing Management Association 
(NDTMA) and is also a member of AWS, ASNT, ASME, 
ASTM and ASM. 

Eugene G. Hornberger 
Design and Planning for 
Cost Effective Welding 

Eugene G. Hornberger is a welding consultant for the 
Arcet Equipment Company, headquartered in Richmond, 
Virginia. Prior to this, Hornberger had been in charge of 
welder training for Newport News Shipbuilding. He has 
served in many positions for AWS including the Board of 
Directors and as Chairman, AWS Education Committee. 
He has written and edited several books including 
Welding Processes and Practices, coauthored with AWS 
Fellow (Class of 1993) August manz. He was the editor 
for the new AWS publication Design and Planning 
Manual for Cost-Effective Welding and is working on 
several other publication projects for the society. 
Hornberger both teaches welding and troubleshoots for 
Arcet's customers, as well as leads AWS seminars on 
preparing for the CWI examination as a senior 
instructor. 

Kenneth C. Jobes 
Visual Inspection Workshop 

Voted the Certified Welding Inspector of the Year in 
1997, LeTourneau University alumnus Ken Jobes has 
developed and implemented inspection, maintenance, 
and repair programs for fossil/hydroelectric/nuclear 
power plants over the last twenty-seven years. Aside 
from his adjunct instructor duties for AWS's CWI 
preparatory seminars, Jobes has taught seminars in 
welding and welding inspection for Alabama Power, 
Union Carbide, Commonwealth Edison, Babcock and 
Wilcox, Duke Power, California Edison, Alliance Steel 
and many more. Mr. Jobes recently join the ranks of 
AWS Senior CWIs, just receiving the fourteenth 
certification card in this new AWS program. 

more than 20 years, is focused on the development of 
welding process control for clients that range from 
employers of hundreds of welders to operations with 
5 to 10 welders. This work has led to the identication 
of the steps necessary for a company to achieve ISO 
9000 certification in the welding operations area., 

Mr. Lynn is currently a consultant to EWI on the 
PrimeNet TQJ assessment program and is developing the 
welding management training modules for the National 
Excellence in Materials Joining program for osu, where 
Lynn obtained his degree in welding engineering. 

Duane K. Miller 
Road Map to the D I.I Code 

Duane Miller is a welding design engineer and 
manager of Engineering Services for The Lincoln Electric 
Company, Cleveland, Ohio. He earned a Sen degree 
from LeTourneau University. He serves on the SAC 
Project Oversight Committee and is Vice Chair of the 
AWS nl Structural Welding Committee. A prolific author, 
Mr. Miller's articles are frequendy read in the Welding 
Journal. 

John Monsees 
How to Weld Titanium 

Mr. Monsees continues to lead the immensely 
popular ITA seminar "How to Weld Titanium." 
The International Titanium Association (IRA) is an 
organization that monsees served for many years as 
Executive Director and now assists in a consulting 
capacity. 

Ann L. (Anna) Petroski 
Welding Quality Assurance Management 

Over the.past 20 years, Anna Petroski's career has 
ranged from work as a welder, welding inspector, 
hands-on and classroom instructor in welding technolo- 
gy, quality and quality assessment, and had directed and 
designed quality assurance programs. She has spent her 
career in welding quality assurance in machinery manu- 
facturing, Navy nuclear and education. She has authored 
a number of production procedures, designed vendor 
surveillance programs, and successfully facilitated and 
maintained an ISO 9001 registration in design, build 
and service manufacturing firm. Ms. Petroski currently 
serves as Director of Certification Programs and 
Business Development for the American Welding Society. 
She previously served as a volunteer on the AWS Board 
of Directors and member of the Qualification and 
Certification Committee. Ms. Petroski is a current CWI, 
CQA and co-lead assessor for the International Institute 
of Welding's accreditation program. 
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Mr. Ramboz has more than 40 years of experience in 
the field of electrical and mechanical metrohigy. He is a 
1963 graduate of the California State Polytechnic 
University (Pomona) and holds a BS in Electronic 
Engineering. His employment background includes 3 
years at General Dynamic's calibration laboratory, 8 
years with the U.S. Naval Metrology Engineering Center 
in Pomona, California, and 25 years at the National 
Institute of Standards and Technology (MIST) at 
Gaithersburg, Maryland. Since 1993, he has been 
President of RAMTech Engineering, Inc. RAMTech 
Engineering provides engineering consulting to 
companies, businesses and the Government in the areas 
of precision measurement and metrology. He has spe- 
ciahzed knowledge in the precise measurement of very 
high steady-state and transient electrical currents. He is 
presently collaborating with High Current Technologies, 
Inc., in the design, testing and manufacturing of 
precision high- current sensors and measurement 
systems. Mr. Ramboz has also jointly conducted work- 
shops on weld current measurements at the 1995 and 
1996 AWS International Conventions. He has authored 
numerous papers on this and related subjects. 

Mr. Ramboz is currently an active member of the 
Institute of Electrical and Electronic Engineers (IEEE), 
the AWS AI0 Committee for the Measurement of Single- 
Phase Resistance Welding Currents, several IEEE 
Societies and ANSI Committees and is a member 
delegate of the National Conference of Standards 
Laboratories (NCSL). He is a NIST National Voluntary 
Laboratory Accreditation Program (NVLAP) assessor for 
calibration laboratories. Mr. Ramboz has a patent 
pending for a novel state-of-the-art high-current sensor. 

David V. Rypien 
Welding Quality Assurance Management 

An OSU alumnus, David Rypien is president of 
Hellier Technical Training, Certification and Consulting, 
with offices in Houston, Anaheim and Niantic, Conn. Dr. 
Rypien has an extensive background in materials, weld- 
ing and nondestructive examination for the marine, 
petrochemical refinery, construction of deepwater strnc- 
tures, mining and railroad equipment industries. He has 
worked for Shell Research and Development and was 
corporate manager, Technical Training, for the 
American Bureau of Shipping. 

Rypien has authored numerous publications on 
materials, welding, NDE and project management. He is 
a registered Professional Engineer in Ohio and Texas 
and an AWS CWI. He is a Project Management 
Professional and Diplomat for The American College of 
Forensic Engineers. 

u , • L • 

years of steel construction industry experience. He is a 
member of the DI Structural Welding Committee, as well 
as a member of its Design and Strengthening and Repair 
subcommittees. He is currently updating Omer Blodgett's 
classic, Design of Welding Structures, and is president 
of the Steel Structures Technology Center, Inc. 

Larry Smith 
Welding for Tool and Die Manufacturing 

President of Global Training Alliance, a company 
specializing in welding and its related processes, Mr. 
Smith has more than 30 years of experience in welding 
technology with highly recognized expertise in tool 
and die welding, maintenance welding and welding 
processes and procedures. 

V. Vaidya 
Welding Quality Assurance Management 

Licensed Professional Engineer Viwek Vaidya carried 
out welding and quality assurance functions for 
Combustion Engineering prior to joining Air Liquide 
Canada Inc. in 1986. He has built pressure vessels, 
bridges, paper machines, mining equipment, hydro 
gates, refinery equipment and nuclear reactors in North 
America, Europe, China and New Zealand over the past 
28 years. 

Vaidya is an active member of both ISO TC 
44 on Welding and the Strategic Steering Committee 
for Welding with CSA. Mr. Vaidya, a member of AWS, 
lectures at mcGlll University, the University of Waterloo 
and University of Wisconsin at Milwaukee, and holds 
several patents. 

As a director for Air Liquide, Vaidya is keenly 
involved in welding technology, its development, 
selection and application. 

Visual Inspection of Pressure Vessels and 
Pressure Piping 

Weber has parlayed more than 28 years of 
experience as a ma~rials engineer in the nuPont 
Company into Weber and Associates, a Hendersonville, 
Tennessee, based consulting practice, offering services 
related to corrosion, metallurgy, NDE and expert witness 
testimony. For 15 years, he has been an AWS CWl 
Instructor, and he coauthored the curriculum for the 
Senior Certified Welding Inspector course. He has 
served on the AWS Board of Directors, is an AWS 
Distinguished Member, and has been a MACE Corrosion 
Specialist and a member of MACE, ASNT and ASM. He 
earned a bachelor's degree in metallurgical engineering 
from the University of Arizona. 
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Your Equipment Investment 
8:30 a.m.- 4:30 p.m. 

Veteran Ed Bohna~ has poured 30 years of 
hands-on experience into a much needed - -  and 
demanded - -  program from AWS. This isn't an 
advanced course inflated with theory. It's a primer 
directed at en~eering professionals with evolving 
responsibilities in welding or for the ambitious sen- 
ior technician. 

If extracting the most from power sources has 
been a constant problem, if you need to know the 
ins and outs of setup and smooth operation, or if 
this facet of welding is a new job responsibility, then 
don't miss this opportunity. The program will benefit 
professionals who specify arc welding equipment 
and processes, such as engineers, technicians, 
welders, supervisors and setup and maintenance 
personnel. Purchasers will particularly benefit. 
Topics include the following: 
• Equipment operating precautions 
• Equipment and process fundamentals: 

GTAW, SMAW, GMAW, FCAW and CAC 
• Voltage, amperage and metering 
• Power sources 
• Controls 
• Problems and troubleshooting 
• Common misunderstandings 
By attending, you can learn 
• How to get more performance from your 

existing equipment. 
• Why your electric power bill is the most 

commonly overlooked expense. 
• How to use product specifications to select 

the power source with the right features. 
• The most common arc welding power 

source problems and innovative solutions. 

This is excellent prep before seeing The Expo, 
especially if you're looking to purchase arc welding 
power sources and miscellaneous equipment. 

AWS Members, $295- use registration code 84; 
others, $370- use registration code 85. Registration 
includes refreshments, lunch, handouts and three 
AWS publications: The Professional's Advisor on Arc 
Welding Power Sources, Recommended Practices 

for Gas Tungsten Arc Welding, and Recommended 
Practices for Gas Metal Arc Welding. 
Nonmember fee includes one-year membership in AWS. 
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ties for those companies working toward ISO 9000 
and QS9000 compliance. 
8:30 a .m. -  4:30 p.m. 

Significant progress has been made in the 
standardization of resistance welding current 
measurements during the past few years. The ability 
to make accurate measurements that are uniform, 
cost effective and N1ST traceable have also been 
made more readily achievable due to the efforts of 
AWS committees, government laboratories, equip- 
ment manufacturers, users and private companies. 

The highly experienced seminar leaders, Denis E. 
Destefan and John D. Ramboz, will explore 
requirements for traceability and proper calibration 
of current meters in the context of meeting ISO and 
QS9000 requirements. The basis and equipment 
used for traceable measurements will be discussed 
for pulsed currents to 60 kA. State-of-the-art 
resistance welding current measurements will be 
reviewed. 

A guest attorney will present the legal implications 
of calibrations from the standpoint of contractual, 
product liability and safety requirements. High-quality 
current sensing coils have dramatically improved the 
ability to accurately measure and/or control currents. 
Guest speakers will discuss how the calibration 
process has improved their efficiency and product 
quality. Additional information will be provided 
relating to the cost benefits and improved weld quality 
by calibrating meters and accurately measuring 
welding currents. The chairman of the newly formed 
AWS AIOC Committee on Resistance Welding Current 
Measurements and Calibration will present an 
overview of the requirements set forth in this new 
draft standard. Progress in the development of mid- 
frequency DC current measurement standards will be 
discussed. Handouts of technical papers and other 
pertinent information will be made available to 
attendees. 

AWS Members, $295- use registration code 96; others, 
$370- use registration code 97. Registration fee 
includes refreshments, lunch and handouts. Fee also 
includes admission to the 2000 AWS Expo. Nonmember 
fee includes a one-year membership in AWS. 
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Do you have new responsibilities that include 
improving material longevity? Then take part in this 
unusual opportunity to get a thorough review of this 
incredible process from a veteran instructor and 
recognized researcher. Doug Harris will start 
at - -  where else? - -  the beginning, with plasma 
spray, high velocity oxyfuel spray, detonation gun 
deposition and advanced wire arc processes. 

Metallic, cermet and ceramic coating structures 
and properties will be reviewed, followed by facets in 
determining application suitability, including wear, 
corrosion, thermal barrier, electromagnetism and 
other important variables. This is excellent prep 
before seeing The Expo, especially if you're looking 
to purchase thermal spray equipment. 

$75. AWS Members use registration code 66; 
others, please use code 67. Registration fee includes 
refreshments and handouts. Fee also includes admis- 
sion to the 2000 AWS Expo. 

How to Ensure theWeldability of 
Stainless Steels: Part I - -The Basics 
8:30 a.m.- 4:30 p.m. 
Part 2 is on Wednesday, April 26 

Although these courses are designed to stand alone, 
we recommend attending both Parts I and 2 of this 
comprehensive look at the wddability of stainless steel - -  
particularly the 300 series. The instructor, Richard 
Campbell, begins with the differences between the 200, 
300 and 400 series; how welding affects the metallurgy, 
mechanical properties and corrosion behavior; and 
special considerations. 
Get the answers to questions like this. 
• Why do some stainless steels require preheat and 

others prohibit it? 
• What do I need to know in order to select the right 

filler metal? 
• What are the advantages (or limitations) of gas 

shielded versus flux shielded? 
• When should I select a particular stainless steel 

over another? 
Part 1: AWS Members $295, - -  use registration code 46; 
others, $370 - -  use registration code 47. Part I registra- 
tion fee includes refreshments and lunch, handouts and The 
Professional's Ad~'sor on Welding Stainless Steels. Parts 1 
and 2: AWS Members, $450-- use registration code 50; 
others, $525 - -  use code 51. Parts I and 2 registration 
also includes the AWS Structural Welding Code - -  
Stainless Stee~ (D1.6-98) and a year's membership in AWS. 
Important: This course may be used as a refresher course 
by current CWIs who will accrue 7 direct hours toward their 
9-year recertiflcation requirements. CWIs attending both 
Part 1 (and Part 2 on Wednesday, April 26), will accrue 14 
direct hours toward their 9-year recertiflcation. 



to provide the practical aspects of visual inspection of 
welds during fabrication, periodic life-cycle inspections, 
and field weld repairs. Weber will cover the material 
from a quality assurance perspective, offering inspection 
tips that will save time and money. The course is 
geared for professionals responsible for new fabrication 
welding and in-service inspection of pressure vessels 
and piping, induding inspectors, technicians, engineers 
and management who want cost-effective inspection 
tips for both new fabrication and in-service inspection 
functions. 
Topics covered: 
• Welding inspection management 
• New fabrication 
• Periodic life-cycle inspections 
• Field weld repairs 

AWS Members $295 - -  use registration code 44; 
others, $370 - -  use registration code 45. Registration 
fee includes refreshments, lunch, handouts and three 
AWS publications: 1./he Practical Reference Guide to 
Visual Inspection of Pressure Vessels and Pressure 
Piping, 2. Guide for Visual Inspection of Welds and 
3. The Everyday Pocket Handbook for Visual 
Inspection and Weld Discontinuity 

Note: The course consists of lecture and slide 
presentations only. There will be no weld replicas 
available for review. 

Course may be used as a refresher course by current 
CWls who will accrue seven (7) direct hours toward 
their 9-year recertification requirement• 

Welding Quality Assurance 
Management 

This fast-paced two dax program will probe the 
basic elements controlling and, ultimately, affecting 
weld quality by exploring the fundamentals of a 
welding quality assurance program. This is an 
opportunity to review your existing practices or start 
out on the right track if you are considering creating 
a more robust welding QA/QC program in your 
organization. 

Welding is considered a special process in quality 
management systems because quality cannot be 
determined solely by inspection at the end of the 
production process. It is the success of creating 
appropriate procedures and process control in the 
planning stages that truly ensures quality. 

This two-day event will move intelligently through 
six selected topics and inspire your thought process 
as a welding QA manager, production supervisor, or 
construction manager. You will leave this seminar 
ready to implement practical strategies together with 

production and your control of welding quality. 
Note 1: If you are considering registration to ISO 

9000 or are currently maintaining registration, there 
is good news on the tax front. In January, the IRS 
ruled that the costs of maintaining, obtaining and 
renewing registration may be deductible. 

Note 2: Attending this seminar qualifies for 12 
direct contact hours for CWI 9-year recertification by 
continuing education. 

AWS Members, $510 - -  use registration code 
122; others, $585 - -  please use code 123. 
Registration fee includes refreshments, lunch, hand- 
outs and AWS' Welding Quality Assurace Guideline 
for Fabricators and AWS' Design Planning Manual 
for Cost Effective Welding. Fee also Includes admis- 
sion to the 2000 AWS Expo. The nonmember's fee 
includes a year's membership in AWS. See detailed 
description of Part I and Part H. 

Welding Quality Assurance 
Management - Part I, (Session I, 2 & 3) 
8:30 a.m.- 4:30 p.m 
Part 2 is on Wednesday, April 26 

I. IntegratingWelding Quality Assurance intoYour 
Quality System 
• ..and, an introduction to the international welding qual- 
ity assurance standard ISO 3834 

Your presenter Anna Petroski begins this session 
with a brief review of the basics of a quality assurance 
system: contract review, appropriate design review, 
material control, personnel and procedure qualification, 
process control and inspection, as they relate to weld- 
ing. The next important step is how to integrate these 
systems into your existing program. 

Successful implementation of a welding quality 
assurance system may result in these benefits: 
increased continuity and customer satisfaction 

• all subcontractors are predictably qualified; initial 
screening is complete 

• contract review is simplified 
• better or more appropriate work quality... 

customers get what they pay for 
Use your program as a marketing tool 

• demonstrate leadership in your market 
• as a quality assurance tool so customers audit you 

less often 
Your exposure to legal/financial risk is reduced 

• you've got clout from using internationally recog- 
nized programs should your quality execution ever be 
questioned 

• and, potentially, you've got proof 
against negligence 

already 1SO 9000-certified, you may want to consider 
compliance or registration to this ISO system. It's sister 
European standard, EN 729, is already required in 
several European equipment directives. 

2. How to Specify Welding Quality 
Use the right WPS! Simply referencing a code or 

standard is often imprecise and vague. It is often 
necessary to call out optional, or exercise 
supplementary, requirements to ensure that welding in a 
specific application will be properly qualified and 
otherwise adequate for the intended design. Codes and 
standards often represent minimal required conditions 
and may not always be sufficient. 

Use the right PQR! Unfortunately, what a "certified" 
welder means differs from orgauiza~on to organization. 
How can you be sure you're using the correct 
qualification standard? Ken Coryell explains the pitfalls 
of claiming "certified" welders without bothering with 
the qualification process. Believe it or not, this is the 
approach that many companies practice. Caveat 
emptor! 

Use the right documentation! WPSs, PQRs and 
performance qualification for an intended application 
frequently are incorrect, incomplete and, in some 
instances, nonexistent- despite contractor assurances 
to the contrary. Find out what a welding engineer looks 
for in the specifying organization's documentation that 
will help secure dear communication with the 
contracting organization. 

3. How to Prepare Bid Specifications 
or Answer Requests for Proposals 
--While Saving Money 

Your presenter, Don Lynn, thinks controlling 
cost is not a goal - -  it's a process. Moreover, 
whether you're bidding on a contract using someone 
else's design, or working to an in-house design, cost 
control begins at this phase of the process. 

Ask yourself if you're working from engineering 
drawings that are welding-complete. Do the specifi- 
cations say enough? Have you determined the cost of 
your bids 
• Design? 
• Weld size determination? 
• Weld joint application? 
• Manufacturing feasibility? 
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Management - Part 2 (Sessions 4, 5 & 6) 
8:30 am - -  4:30 pm 

4. Taking a Second Look at Process 
Improvement and Control for More 
Productivity 

Consider these two situations: 
1) The bulk of manufactured products use fillet 

welds, the design for which is taken for granted and 
with an execution that's practically never monitored! 

2) Over the past four years, through a systematic 
audit process of more than 1000 welders and 60 
manufacturing operations, we now know that 
semiautomatic welding process control has been 
seriously overlooked (if considered at all) with 
significant poor quality results and low productivity. 

Process control and improvement are important 
elements of the ISO philosophy. Come and learn how to 
apply this concept to practical welding from Canadian V. 
Vaidya. You can simultaneously increase both 
productivity and quality through specific monitoring and 
training. An outgrowth is that this approach will 
re-engineer the manufacturing operation one step closer 
to ISO certification. 

5. The NOE"Written Practice": 
Key Elements and Abuses 

This management of nondestructive testing 
(NOT) systems segment is cosponsored by NOT 
Management Association (NDTMA) 

The "Written Practice" is a procedure for the 
qualification and certification of NDE personnel. 
There are all too common misunderstandings and 
abuses in its preparation and application. Chuck 
Uellier will take you step by step into preparing an 
effective Written Practice. Mr. HeUier will describe 
the pitfalls, which will be especially helpful for 

those responsible for specifying NDE services. 
There can't be a better way to illustrate "how 
things can go wrong" than through the liberal use 
of case histories, and after 36 years in the 
business, Chuck Hellier has an accumulation of 
what-not-to-do stories. 

Maintaining the quality of a NDE system 
requires periodic audits to identify and correct 
nonconformance. According to presenter David 
Rypien, this isn't always "bad news" since the 
purpose of an audit is to also determine the 

effectiveness of the NDE system. This presentation 
explains the tools for conducting an audit, and how 
to get the best use from the results. Knowing how 
an auditor will look at your present system can be 
the best insight into improving its effectiveness. 

Corrosion of Welds: Causes and Cures 
8:30 a.m.- 4:30 p.m. 

During this fast-paced, one-day course, Ted Weber 
will cover what causes corrosion of metals and how 
to repair corroded welds. Weber uses highly relevant 
case histories to review the effects of alloying and 
heat treatment for corrosion resistance, with plenty of 
opportunity to ask questions and discuss the in-depth 
answers. The program is valuable for all professionals 
whose job entails repairing, identifying and fabricating 
pressure vessels and piping. Equipment inspectors, 
technicians, engineers and management can benefit 
from this program. 
Topics covered: 
• What causes the common forms of corrosion 
• How to repair corroded welds 
• How to avoid corrosion and minimize corrosion's 

effects on plant operations through alloying or 
heat treatment 

• Case histories providing specific references to 
the causes and cures of welding corrosion 

AWS Members, $295 - -  use registration code 54; 
others, $370-- use registration code 55. Registration 
fee includes refreshments, lunch, handouts and The 
Practical Reference Guide to Weld Corrosion: Causes 
and Cures. Fee also includes admission to the 2000 
AWS Expo. Nonmember fee includes a year's member- 
ship in AWS. 
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This course, presented by Gene Hornberger, 
covers all the aspects of accepting the job, 
making progress on the job, solving problems and 
completing the welding projects on time. It will 
provide the background needed by engineers, 
supervisors and senior technicians who carry 
welding management responsibilities. 

Get a mumbo-jumbo-free explanation of the how 
and why of common pitfalls that make some welding 
projects difficult-- or even seem impossible - -  to 
run smoothly. Find out how to avoid these negative 
conditions in the first place, or at very least, how to 
take the right corrective actions. 

You should attend ff you have questions like these 
about your fabricating project and its weldability: 
• Does the fabrication perform the intended 

service, and will it last as long as intended? 
• Is the welded fabrication on time and 

within budget? 
• Are there any inspections or requirements 

associated with the weld that will prevent 
acceptance? 

• Is there adequate weld joint access? 
• Are the fabrication requirements achievable 

from the standpoint of accessibility, position, 
distortion control, weld size, inspection 
requirements and fabrication sequence? 

Topics covered: 
• Production welding cost analysis 
• Welding process selection 
• Fatigue consideration 
• Weld joint design factors 
• Defects and discontinuities 
• Practical aspects of welding metallurgy 
• Thermal spray fundamentals 
• Welding safety 
• Fitting and flame bending 

AWS Members, $450 - -  use registration code 68; 
others, $525 - -  use registration code 69. 
Registration fee includes refreshments, lunch and the 
new AWS publication Design and Planning Manual 
for Cost-Effective Welding. Fee also includes 
admission to the 2000 AWS Expo. Nonmember fee 
includes a year's membership in AWS. 
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How to Ensure the Weldability of 
Stainless Steels: Part 2 -Avoiding Defects 
8:30 a.m.- 4:30 p.m. 
Part I is on Tuesday, April 25 

Seminar leader Richard Campbell continues his 
program on the weldahility of stainless steels in this 
stand-alone session. 

If you're trying to weld stainless steels you probably 
need answers to these questions: 
• Why you shouldn't be using certain processes, e.g., 

oxyfuel welding or cutting 
• When gas shielding can actually cause weld defects 
• How to avoid cold cracking 
• Why weld penetration varies - -  even when the same 

arc welding variables are used 
• How to weld dissimilar metals with stainless steel 

filler metals 

Get the information you need to do the job right. 
Part 2: AWS Members, $295 - -  use registration code 48; 
others, $370-- use code 49. Registration fee includes 
refreshments and lunch, handouts and The Professional's 
Advisor on Welding Stainless Steels - -  a new publication 
from AWS. Fee also includes admission to the 2000 AWS 
Expo. Nonmember fee includes a year's membership in 
AWS. Part 1 and 2: AWS Members, $450 - -  use code 
50; others, $525 - -  use code 51. 

Automated/Robotic Welding 
Sponsored by AWS and the Society of 
Manufacturing Engineers 
8:30 a.m.- 4:30 p.m. 

Back by popular demand from last year's AWS Expo 
in St. Louis, this multi-speaker session brings together 
experts in automated welding technology, robotic 
manufacturing, fuzzy logic, welding processes, tooling, 
automated weld inspection and more. If you have new 
or expanding responsibilities in welding automation 
and robotics, this all-day program will introduce you 
to the exciting world of 21st century fabrication and 
nmn~ring.  
Topics include the following: 
• Robot selection criteria 
• Optimization control 
• Neural networks for manufacturing process 
modeling 
• Joint tracking 
• installation dos and don'ts 
• Minimizing weld distortion 
• Evaluating equipment, performance, installation 

and training 
• Open architecture robot controls 

$350. AWS Members use registration code 78; 
SME Members and others use code 79. Registration fee 
includes refreshments, lunch and handouts. Fee also 
includes admission to the 2000 AWS Expo. 

Business Strategies for Welding 
Sponsored by AWS and the Fabricators and 
Manufacturers Association, International 
8:30 a.m.- 5:00 p.m. 

This new course is specifically designed for 
professionals who are not proficient in welding but do 
have job responsibilities closely aligned to the welding 
process. This course will expand your knowledge 
of welding by providing information to enhance the 
efficiency of your welding operation, assist in the 
selection and retention of employees and provide 
your welders with the tools necessary to achieve 
extraordinary results. 

The instructor, Dr. Jesse Grantham, will share 
valuable business strategies that can increase quality and 
productivity, improve safety and exceed your 
financial goals. Plus, you'll leave the workshop with 
a solidly researched workbook and step-by-step 
guidelines for implementing what you've learned. 

AWS/FMA Members, $345 - -  use registration code 118; 
others,- $395 use registration code 119. Registmun fee 
includes refreshments, lunch and workbook. Fee also 
includes admission to the 2000 AWS Expo. 

Understanding the Techniques of 
Resistance Welding - Part I 
Sponsored by AWS and the Society of 
Manufacturing Engineers 
8:30 a .m. -  4:30 p.m. 
Part 2 is on Thursday, April 27 

If you're a welding operator, electrician, repair 
expert, engineer or other professional with RW 
responsibilities, and you need to know the principles 
and equipment required to join components, fabri- 
cations and modules using RW, don't wait - -  sign 
up for this X-day course now. 

Your instructor will be Lawrence Alexander, 
whose career has spanned from literally designing 
resistance welding equipment to field consultant to 
researcher. He'll show you how to extract the most 
from RW with both quality and profitability in mind. 
Monday's Part 1 topics include the following: 
• Control of variables 
• Operational principles 
• Nugget growth: causes of, and reducing, 

expulsion; development for coat material 
• Control of heat development in tips, tooling 

and machine parts 
• Tooling design 

$510. AWS Members use registration code 62; 
SME Members and others, please use code 63. 
Registration fee includes refreshments, lunch each 
day and handouts. Fee also includes admission to the 
2000 AWS Expo. 
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Continuing Education 
Thursday, April 27 

Road Map to the DI.1 Code 
8:00 a.m.- 5:00 p.m. 

Reprising their standing-room-only seminar from 
last year's AWS Convention in St. Louis, D1 Committee 
members Ed Beck, Duane Miller and Robert Shaw 
are prepared to help designers, fabricators, inspectors 
and engineers navigate their way through one of the 
most called out codes in the world-- DI.1 Structural 
Welding Code - -  Steel. 

Unlike most "maps," this seminar is going to do 
more than show you where to find categories of welding 
requirements - -  it's also going to explore 
• What those requirements are, including prequalified 

joint details and inspection 
• How to use 31 when designing welded connections; 

how to incorporate prequalified welding procedures 
and qualify welders 

• And why the Code requires what it does. 

Bring your own copy of D1.1:2000: AWS Members, 
$195 - -  use registration code 74; others, $270 - -  use 
code 75. To also get a copy of DI.I:2OOB distrib- 
uted in seminar: AWS Members, $350-- use code 72; 
others, $420-- use code 73. Registration fee includes 
refreshments and lunch. Fee also includes admission to 
the 2000 AWS Expo. Nonmember fees indude a year's 
membership in AWS. Note: this seminar is not effective 
without a copy of D1.1:2000 Structural Welding Code 
- -  Steel. 
Course may be used as a refresher course by current 
CWIs who will accrue seven (7) direct hours toward 
their 9-year recertification requirement. 

What Professionals New to Welding 
Need to Know about Its Metallurgy 
8:30 a.m.- 4:30 p.m. 

You'll avoid a lot of welding problems if you have 
a basic understanding of welding metallurgy. So 
whether you're an engineer without formal welding 
training or an ambitious senior welder or technician, 
this is need-to-know information. The ins~ctor is 
veteran Ted Weber. 
Topics covered: 
• Basic metallurgical aspects of welding with 

an emphasis on alloying effects 
• Heat treatment considerations 
• Welding parameters 
• How to avoid welding problems and what to 

do when they occur 
• Welding parameters 
• The difference between carbon and low-alloy 

steels, stainless steels and several high alloys 

AWS Members, S295 - -  use registration code 58; 
others, $370 - -  use registration code 59. Registration 
fee indudes refreshments, lunch, handouts and The 
Practical Reference Guide to Welding Metallurgy: Key 
Concepts of Weldability. Fee also includes admission to 
the 2000 AWS Expo. Nonmembers receive a year's mem- 
bership in AWS. 

Bonus: attendees have an option to purchase George 
Linnert's Welding Metallurgy, AWS 4th Edition, 
"Fundamentals," at 50% off the regular price of 
$108.00. Your registration badge dears you at the AWS 
Bookstore for this Expo special. 

The Why and How of Welding Procedure 
Specifications: The Right Way to 
DocumentYour Welding Controls to Save 
Time, Money and, Maybe,Your Credibility 
8:30 a.m.- 4:30 p.m. 

If you're responsible for planning a welding 
opemon here's a question. Which of the following 
items is the most critical: base metal weld process, filler 
metal, current and range, voltage and travel speed, joint 
design tolerances, joint and surface preparation, tack 
welding, weld position, preheat and interpass 
temperature, or shielding gas? This course provides the 
answers. 

The instructor, Ken CoryeH, uses his 25 years of 
international and domestic experience in welding quality 
to shed light on the most common problems, 
misunderstandings and mistakes. Coryell offers insider 
advice, hints and tips on optimum use of the Procedure 
Qualification Record (PQR) and the Welding Procedure 
Specification (WPS). 

This program will benefit owners, managers, 
engineers and supervisors who must qualify, write or 
revise their own welding procedure specifications to 
satisfy codes and contract documents. 
Topics covered: 
• Proper preparation and qualification of welding 

procedure specifications 
• Selecting and documenting welding variables 
• Documenting of standard procedure qualification 

testing for commonly used processes for joining 
ferrous plate and pipe materials 

By attending you can learn: 
• How to specify essential and nonessential variables 

commonly used in sample AWS, ASME and API 
code formats 

• How to use standards when preparing procedures 
• How to document welding variables and qualification 

tests 
• How to avoid the pitfalls in revising previously 

qualified procedures 

• When and how to use procedure qu',dification 
records (PQRs), and welding procedure 
specifications (WPSs) 

• Howto specifically apply a standard to manual and 
semiautomatic welding processes, including SMAW, 
GMAW, FCAW and GTAW 

AWS Members $295- use registration code 86; others, 
$370- use registration code 87. Registration fee 
includes handouts and the B2.1-98 Specification for 
Welding Procedure and Performance Qualification. 
Course may be used as a refresher course for current CWIs. 
Current CWIs will accrue 7 direct hours toward their 
9-year recertification requirement. 

Welding forTool and Die 
Manufacturing- Part I 
Sponsored by AWS and Society of 
Manufacturing Engineers 
8:30 a.m.- 4:30 p.m. 
Part 2 is on Frida)~ April 28 

If your goal is to learn how to build and repair 
tools, dies, molds and patterns, this is a can't-be- 
missed opportunity. A bonus for attendees is a trou- 
bleshooting/Q&A session with instructor Larry Smith. 
Thursday's Part 1 will cover 
• Four phases of tool and die welding 
• Seven groups of tool steels and their elements 
• Basic welding metallurgy.' physical and 

mechanical properties 
• Preheat and postheat procedures for tool steels 
• Welding processes commonly used for tool 

and die 
• Procedures for welding trim, flange and 

draw steels 

$510. AWS Members use registration code 60; SME 
Members and others, please use code 61. 
Registration fee includes refreshments, lunch each 
day and handouts. Fee also includes admission to the 
2000 AWS Expo. 
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Manufacturing Engineers 
8:30 a.m.- 4:30 p.m. 
Part I is on Thursday, April 27 

Remember, if your goal is to learn how to build 
and repair tools, dies, molds and patterns, then 
don't miss this opportunity. A bonus for attendees 
is a troubleshooting/Q&A session with Instructor 
Larry Smith. 
Part 2 will cover 
• Recommended filler metals for tool steels 
• Distortion control 
• Metals identification 
• Weld quality Inspection 
• Welding safety 
• Steps In problem solving 
• Record keeping 

$510. AWS Members use registration code 60; SME 
Members and others, please use code 61. 
Registration fee Includes refreshments, lunch each 
day and handouts. Fee also includes admission to the 
2000 AWS Expo. 

For m o r e  
i n f o r m a t i o n  
call now 
1 -800 -443 -  
9 3 5 3  ext  2 5 7  

check  out  
aws.org for  
Expo upda tes  
and  news 

2 0 0 0  AWS 
Expo get  
the  word 

the principles of laser welding as a production tool. 
You'll gain valuable insight into the selection of the 
laser welding process, the principles of laser pro- 
cessing and production. 
Topics covered: 
• Laser welding vs. conventional welding 
• Implementing robotic laser welding 
• Laser welding systems for tailored blanks 
• Automotive welding applications using 

multi-kW ND:YAG lasers 
• Laser welding as a sheet metal fabrication tool 
• Laser cladding: system requirements, applications 

and advantages 

$350. AWS Members use registration code 94; SME 
Members and others use registration code 95. 
Registration includes refreshments, lunch amf hand- 
outs. Fee also includes admission to the 2000 AWS 
Expo. 

Friction Welding Clinic 
Sponsored by AWS and the Society of 
Manufacturing Engineers 
8:30 a .m. -  4:30 p.m. 

During this Clinic a panel of experts will discuss 
how friction welding can benefit your company. The 
presentation will include an introduction and 
overview of how friction welding works and how it 
improves manufacturing by producing faster, better 
quality welds at a lower cost. You'll also learn how to 
implement friction welding In your operation. 
Topics covered: 
• introduction and overview of friction welding 
• Friction welding of aluminum alloys and 

dissimilar metals 
• Friction welding in the automotive industry 
• New developments in friction welding 

$350. AWS Members use registration code 52; 
SME Members and others use registration code 53. 
Registration includes refreshments, lunch and 
handouts. Fee also includes admission to the 2000 
AWS Expo. 

sc e, fillet weld gauges, dial caliper, micrometer, 
undercut gauge, magnifying glass, VWAC undercut 
gauge, weld reinforcement. 

• Measurement and evaluation of discontinuities: 
porosity, undercut, overlap weld reinforcement. 

• Measurement of fillet weld size. 
• Measurement and evaluation of mechanical tests: 

guided bend test and tensile tests. 
• App~cation of visual inspection criteria. 
• Take-home material you can refer to time and again. 
Who Benefits? 

Quality control and quality assurance managers, 
engineers, inspectors, welding and shop supervisors. 
Those responsible for increasing productivity, cutting 
costs, or improving quality and reliability. Recommended 
for all OWl and CWE examination ~didates. 
By attending, you can learn 
• How to use weld-measuring instruments 
• Compliance to a specific code 
• Dos and don'ts of documentation 
• When a discontinuity is not OK 
• When a flawis OK 
• Why visual inspection can be the most effective 

NDE technique 

AWS Members, $310 - -  use registration code 120; others, 
$395 - -  use registration code 121. Registration fee 
includes handouts and admission to the 2000 AWS Expo. If 
you are a nonmember who is not pursuing AWS certifica- 
tion through application and exam, the registration fee 
includes a year's membership in AWS. 

Important: By registering for the Visual Inspection 
Workshop you have not automatically been cleared to 
take the CWI/CWE examination. Application and 
examination requirements and fees are independent. 
Call (800) 443-9353, ext. 273. 

/ 
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Professional Program 
Tuesday, April 25 
Afternoon Session: 2:00 p.m. 
Session I: Friction StirWelding 

Ch~. M.Q. Richey, Lockheed Martin Energy Systems 
C0-Chai~. D. Nicholas, The Welding Institute 

A 2:00 

B 2:35 

C 3:10 

D 3:45 

E 4:20 

F 4:55 

Residual Stresses in Friction Stir Welds of Al Alloy 6061, by 
Z. Feng and T. Lienert, Edison Welding Institute; and X. L. Wang, 
Oak Ridge National Laboratory; and J. mcClure, University of Texas 
at El Paso. 
Thermal and Material Flow Modeling of Friction Stirring Welding, 
by Z. Cao, P. nong, J. K. Oong, and E Lu, Battelle Memorial A 
Institute. 
Friction Stir Welding of ~-6Al-4V Alloys, by T J. Lienert, Edison 
Welding Institute; and W. L. Stellwag, Jr., Ferris State University. 
Friction Stir Welding of Aluminum Metal-matrix Composites, B 
by T. J. Lienert, Edison Welding Institute; and W. J. Stellwag, Jr., 
Ferris State University. C 
A Rotating Plug Model for Friction Stir Welding, by A. C. Nunes, Jr., 
Marshall Space Flight Center; E. L. Bemstein, Alabama A & i 
University;, and J. C. McChire, University of Texas at El Paso. D 
Microstructure in Friction Stir Weld of 6063 Aluminum, by 
Y. S. Sato, H. Kokawa, m. Enomoto, S. Jogan, and T. Hashimoto, 
Tohoku University, Japan. E 

Afternoon Session: 2:00 p.m. 
Session 2 : GMA/GTAWelding 

Chair:. J. E King, Oak Ridge National Laboratory 
Co-Chair: R.W. Richardson, The Ohio State University 

A 2:00 

B 2:35 

C 3:10 

D 3:45 

E 4:20 

Development of Hollow Electrode GTAW System for Space 
Applications, by IC Masubuchi, Massachusetts Institute of 
Technology;, Y. Suita, Takamatsu National College of Technology; 
and T. Ohji, Osaka University. 
Variable Polarity GTAW Fusion Behavior in 5083 Aluminum, by A 
B. M. Patchett, The University of Alberta. 
Theoretical Modeling of Pulsed Gas Metal Arc Welding Waveform 
Variable Selection, by C. R. Reynolds, The Ohio State University. 
Mechanisms and Models of Bead Formation in Gas Metal Arc B 
Welding, by D. Yapp and C. L Ribardo, Edison Welding Institute; 
and S. P. Moran, Miller Electric. C 
Development of GTAW Flux for Welding Heat Resisting Alloys, by 
R. G. Miller, Babcock & Wilcox of Ohio. 

Afternoon Session: 2:00 p.m. 
Session 3: Steel Metallurgy 

Chair: D. Olson, Colorado School of Mines 
Co-Chair: Y. Adonyi, LeTourneau University 

A 2:00 

B 2:35 

C 3:10 

Effect of Ferro-Alloy Additions and Depth on the Quality of 
Underwater Wet Welds, by M. D. Rowe and S. lau, Colorado 
School of Mines; and T. J. Reynolds, Global Divers and Contractors. 
Effect of Inclusion Size on the Nucleation of Acicular Ferrite, by 
H.J. Kim, T. IC Lee, and B. Y. Kang, KITECH, Korea; and 
S. K. Hwang, Inha University, Korea. 
Effect of Ferrite Grain Refinement on the HAZ Tensile Properties 
of Ferrite-Pearlite Steel, by IC S. Bang and H. K. Jnng, Pukyong 
National University, Korea. 

D 3:45 

E 4:20 

Electronic and Magnetic Methods to Assess ~eld Microstructure 
and Phase Stability, by D. L. Olson, V. I. Kaydanov, and 3. W. 
Wenman, Colorado School of Mines. 
Temperature-Tune-Transfer (TIT) Diagrams for the Dissolution d 
Nonmetallic Inclusions during Steel Welding, by T. Hong and 
1'. DebRoy, The Pennsylvania State University. 

Afternoon Session: 2:00 p.m. 
Session 4 : Resistance Welding I 

Chair:. P. Dong, Battelle Memorial Institute 
Co-Chair: B. Bastian, Benmar Associates 

2:00 

2:35 

3:10 

3:45 

4:20 

An Empirical Model of the Effects of Pressure and Temperature 
on the Electrical Contact Resistance of Metals, by S. S. Babu, 
i .  L. Santella, and B. W. Riemer, Oak Ridge National Laboratory; 
and Z. Feng, Edison Welding Institute. 
Magnetic Stirring of Nugget during Resistance Spot Welding (RSW), 
by V. Nemchinsky, ESAB Welding & Cutting Products. 

Nugget Formation and Dynamic Resistance In Resistance Spot 
Welding of Aluminum to Steel, by H. S. Chang, Myong Ji University, 
South Korea; and C. L. Tsai, The Ohio State University. 
Nugget Growth and Contact Resistance in Resistance Spot Welding 
(RSW) Sheet Steels, by T. Liang, ANSYS, Inc; and C. L. Tsai, 
The Ohio State University. 
Modeling of Resistance Spot Welds: From Process to Performance, 
by X. Sun and P. Dong, Battelle Memorial Institute. 

Wednesday, April 26 

Morning Session: 9:00 a.m. 
Session 5 :Aluminum Metallurgy 

Chair:. C.E. Cross, Montana Tech, University of Montana 
Co-Chair: G.R. Edwards, Colorado School of Mines 

9:00 

9:35 

10:10 

D 10:45 

E 11:20 

The Effect of High Temperature Eutectic Forming Impurities on 
Aluminum 7108 Weldablity, by C. E. Cross, Montana Tech 
University of Montana; Z. G. Mousavi and ~. Grong, Norwegian 
University of Science & Technology, Norway. 
Fusion Boundary Microstructure Evolution in Aluminum Alloys, by 
A. Kostrivas, J. C. Lippold, and M. J. Mills, The Ohio State University. 
Evaluation of Hot Crack Behavior of Aluminum Alloys by the IRC 
Method, by R. Anne and O. i .  Akselsen, SINTEF, Norway; and 
C. E. Cross, Montana Tech University of Montana. 
Grain Boundary Liquation in Aluminum Welds, by S. Kou, 
C.C. Huang, University of Wisconsin at Madison. 
Thermomechanical Characterization of Hot Cracking Conditions 
in Welding High-Strength Aluminum Alloys and Weldability 
Improvement Techniques, by P. nong, Y. Yang, and J. Zhang, 
Battelle Memorial Institute. 

Morning Session: 9:00 a.m. 
Session 6: Process Modeling 

Chair:. E Dong, Battelle Memorial Institute 

A 9:00 Flow Visualization of Marangoni Convection in Simul~d Weld 
Pools, by S. Kou and C. Limmaneevichitr, University of Wisconsin 
at Madison. 
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D 10:45 

E 11:20 

Plasticity Modeling for Predicting Welding-Induced Distortion, by 
C. L. Tsai, The Ohio State University. 
Weld Simulation Technology Development on Automotive Thin 
Gauge Structure, by Y. E Yang, Z. Cao, J. Zhang, and E Brust, 
Battelle Memorial Institute; and A. Fisher, R. Broman, and 
R. Thakkar, Tower Automotive Technical Center. 

Morning Session: 9:00 a.m. 
Session 7: Resistance Welding 2 

Chair:. S.S. Babu, Oak Ridge National Labor~ry 

A 9:00 

B 9:35 

C 10:10 

D 10:45 

E 11:20 

Process Robustness Characteristics for Resistance Spot Welding 
Interstitial Free Coated Sheet, hyJ. Gould and D. Workman, 
Edison Welding Institute. 
Effect of P and S on Hook Cracking Susceptibility of Pipes Produced 
Via HF ERW Process and Eliminated in ERW Joint of Pipes, by 
C. M. Kim, Pohang lron& Steel Co., Ltd., Korea; and Y. S. Kim, 
Hong-lk University, Korea. 
Primary Dynamic Resistance Monitoring in Timer during 
Resistance Spot Welding, by S. Rhee and Y. Cho, Hanyang 
University, Korea. 
Application of conductive Heat Resistance Seam Welding for a 
Range of Aluminum App~cations, by J. E. Gould, n. Workman, and 
L. R. Lehman, Edison Welding Institute. 
Investigation of Mash Seam Blank Welding High Strength Steels, by 
H. Shan andJ. Gould, Edison Welding Institute; and C. Albright, 
The Ohio State University. 

Morning Session: 9:00 a.m. 
Session 8: Stainless Joining I 

Chair: S.A. David, Oak Ridge National Laboratory 
Co-Chair: B.M. Patchett, University of Alberta 

A 9:00 

B 9:35 

C 10:10 

D 10:45 

E 11:20 

HAM Secondary Austenite Formation in Duplex Stainless Steels 
during multipass Welding, by A. J. Ramirez and J. C. Lippold, 
The Ohio State University; and S. O. Brandi, Universidade de S~io 
Paulo, Brazil. 
Weld Metal Properties in GTA Welding of Supermartensinc 13% Cr 
Stainless Steel, by T H~brekke and O. M. Akselsen, SINTEF, Norway; 
and G. ROrvik and P. E. Kvaale, Statoll, Norway. 
HAZ Cracking in Type 347 with Design Matrix of C, N and Nb, 
by L. Li and R. W. Messier, Jr., Rensselaer Polytechnic Institute. 
Standardization of Varestraint Test Procedure, by T. L. Fimon and 
J. C. Lippold, The Ohio State University; and R. J. Bowers, Edison 
Welding Institute. 
Chromium Depletion and Grain Boundary Structure in Sensitized 
Alloy 600, by O. Kokawa, T. Masuda, Y. S. Sato, C. Fukuoka, and 
M. Akashi, Tohoku University, Japan. 

A 2:00 A Martensite Boundary on the WRC-1992 Diagram - -  Part m: 
Effect of Mo, C, N, by D. J. Kotecki, The Lincoln Electric Co. 

B 2:35 Direct Dissimilar Welding of Carbon Steel to Stainless Steel Using 
Narrow Groove SAW, by B. Green and n. Harwig, Edison Welding 
Institute; and R. Donaldson, Westinghouse, EMD. 

C 3:10 Weldahility of Heat Resistant Austenitic Stainless Steels, byJ. Lee 
and m.Y. Lee, Research institute of Industrial Science and 
Technology (PAST), Korea. 

D 3:45 Design of Externally Applied Magnetic Fields for Eliminating the 
Hard Zone in Carbon Steel/Stainless Steel Dissimilar Joints, by 
K. H. Hou, H. T. Kuo, S. A. Szu, and E R. Hsu, Chang Gnng 
University, Taiwun. 

g 4:20 microstructural Characterization and Residual Stress Measurement 
of Dissimilar Metal Welds, by C. S. Kusko, J. N. DuPont and A. R. 
Marder, Lehigh University. 

A f t e r n o o n  Sess ion:  2:00 p.m.  
Session 10: Sensing and Control 

Chaim R. Richardson, The Ohio State University 
Co-Chair: Y.M. Zhang, University of Kentucky 

A 2:00 Assessment of a Top Face Penetration Control System for GTA 
Welding, by R. Jones and G. Melton, The Welding Institute. 

B 2:35 Analysis of Arc Light Mechanism for Sensing of GTAW Process, by 
P.J. Li and Z. M. Zhang, University of Kentucky. 

C 3:10 Droplet Transfer control in GMAW of Titanium Alloy, by E J. Li and 
Z. i .  Zhang, University of Kentucky. 

D 3:45 Estimation of Weld Bead Size in CO x Laser Welding by Multiple 
Regression and Neural Network, by S. Rhee, H. Park and 
Y. W. Park, Hanyung University, Korea. 

E 4:20 Arc Stability Estimation and Fuzzy Control for Good Arc Condition in 
Short Circuit Transfer Mode of CO z Arc Welding, by Z. J. Kang, 
K. C. Kim and Y. K. Kweon, Research Institute of industrial Science 
and Technology (RIST), Korea; and S. Rhee, Hanyang University, 
Korea. 

Afternoon Session: 2:00 p.m. 
Session I I : Advanced Materials 
Chair: G.R. Edwards, Colorado School of Mines 
Co-Chair: T. I,ienert, Edison Welding Institute 

A 2:00 Mechanical Behavior Evaluation of a Nickel Muminide Weldment, 
by Z. L. Santella, V. K. Sikka, R. W. Windeman and R.J. Barkman, 
Oak Ridge National Laboratory. 

B 2:35 Reactive Synthesis of Iron Mumimde - Titanium Carbide 
Composites through Electron Beam Welding of Green Bodies, by 
V. R. Dav~, Los Alamos National Laboratory; and T W. Eagar, 
Massachusetts Institute of Technology. 

C 3:10 Effects of the Laser Beam Parameters on the AZ91 D Weld 
microstructure, by m. P. Zarya and G. R. Edwards, Colorado School 
of Mines. 

D 3:45 Investigation of Fe-Al Claddings in High-Temperature Sulfidizing 
Environments, by S. W. Banovic, J. R. Regina, J. N. DuPont and 
A. R. Marder, Lehigh University. 

E 4:20 Grain Growth in the HAZ of GTA Welded Titanium Weldments, by 
Z. Yang, S. Sista, and T. DebRoy, The Pennsylvania State University; 
andJ. W. Elmer, Lawrence Livermore National Laboratory. 
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Professional Program 
T h u r s d a y ,  A p r i l  2 7  D 

Morning Session: 9:00 a.m. 
Session 12: LaserWelding 

Chair:. J.O. Milewskl, Los Alamos National Laboratory 
Co-Chai~. T. Lienert, Edison Welding Institute 

A 9:00 Weld Metal Composition Change during Laser Welding of 
5182 Aluminum Alloy, by H. Zhao and T. DebRoy, The Pennsylvania 
State University. 

B 9:35 Combined Weld-Pool-Shape and HAZ Thermal Model for Aluminum 
Alloy Laser Arc Welds, byJ. M. Vitek, S. S. Babu and S. A. David, 
Oak Ridge National Laboratory. 

C 10:10 Study on Laser Forming of Different Materials (Report 1), by A 
M. Kutsooa, Nagoya University, Japan; and T. Nakamura, 
Nakamura Technical Institute, Japan; and K. Masubuchi, B 
Massachusetts Institute of Technology. 

D 10:45 Factors Affecting Defects and ProEles of Laser Lap Welds, by 
J. Xie, Edison Welding Institute; and X. Chen, Vistenn Automotive C 
Systems. 

E 11:20 Guiding Electrical Discharges with a Low-Power Carhnn-Monoxide D 
Laser Beam, by J. Eastman, Edison Welding Institute; and 
C. E. Albright, W. R. Lempert and S. T. ierriman, The Ohio State 
University. E 

Morning Session: 9:00 a.m. 
Session 13: Hi-Based Alloys 

Chah~. M.L. Santelh, Oak Ridge National Laboratories 
Co-Chai~. J.C. Lippold, The Ohio State University 

A 9:00 A Methodology for Quantifying Postweld Heat Treatment Cracking 
Susceptibility, by W. Lin, Pratt S Whitney. 

B 9:35 Preferential Corrosion of Dendritic microstructures in NiCrMo 
Welds, by K. Luer, J. N. DuPont, and A. R. marder, Lehigh A 
University. 

C I0:I0 Ductility-Dip Cracking Evaluation of Incone182 Filler Metal, by 
R. Bowers, Edison Welding Institute; and J. Kikel, BWX B 
Technologies, Inc., NED. 

D 10:45 iicrostructure Development in Nickel Base Superalloys during C 
Weld Thermal Cycle, by S. S. Babu and S. A. David, Oak Ridge 
National Laboratories. D 

E 11:20 Microstructural Characterization of Laser and GTA Welds in Ni Base 
Alloys, by B. D. Newbury and J. N. DuPont, Lehigh University; and E 
C. V. Rohino and G. A. Knorovsky, Sandia National Laboratories. 

Morning Session: 9:00 a.m. 
Session 14: Steel Weldability 

Ch~. Y. M0nyi, LeTuurueau University 
C0-Ch~. T. Siewert, MIST 

A 9:00 Significant Factors Influencing HAZ Hardness of 9% Nickel Steel, 
by A. H. Price, Texas A & M University. A 

B 9:35 Modeling of Nitrogen Dissolution during GTA Welding of Iron, 
by T. A. Palmer and T. DebRoy, The Pennsylvania State University. B 

C 10:10 Effects of Steelmaking and Plate Processing on Weldability, by 
Y. Adonyi, LeTourneau University. C 

10:45 

11:20 

Postweld Heat Treatment Response of the Course-Grained, Heat- 
Affected Zone in a Modified Cr-Mo Steel, by J. G. Nawrocki, 
J. N. DuPont and A. R. Marder, Lehigh University. 
The Relationship between Retained Austenite and Hydrogen 
Cracking Susceptibility in Weld Joint with Different Restraint Stress 
Severity, by Y. Park, 1. iaroef and n. L. Olson, Colorado School of 
Mines; and A. Landau, Ben-Gurion University of the Negev, Israel. 

Afternoon Session 2:00 p.m. 
Session 15: Weld Design 

Chair:. N.C. Cole, NCC Engineering, Inc. 
Co-Chair: P. Dong, Battelle Memorial Institute 

2:00 

2:35 

3:10 

3:45 

4:20 

Strength of Three Dimensional Weld Groups, by O. Blodgett, 
Lincoln Electric Co. 
Effect of Joint Misalignment on Buckling Behavior of Welded Plate 
Girders, by M. L. Liaw, CASE-Oil; and C. L. Tsai, The Ohio State 
University. 
Thermal Tensioning for Control of Buckling Distortion, by R. Dull 
and J. Russell, Edison Welding Institute. 
The Importance of Material Fabrication History on Weld Durability 
and Fracture Response of Structures, by E W. Brust, Battelle 
Memorial Institute. 
A New Structural Element Test for Evaluating HSLA-65 Steel 
Weldments, by J. B. Sickles, P. J. Mcmullen, P.J. Konkol and 
S. R. Martin, Concurrent Technologies Corporation. 

Afternoon Session: 2:00 p.m. 
Session 16: EB & Laser Beam Welding 

Ch~. T.M. Mustaleskl, Lockheed Martin Energy Systems 
Co-Chair: D. Farson, The Ohio State University 

2:00 

2:35 

3:10 

3:45 

4:20 

Evaluation of Platings in Small Scale Laser Welding of Thin Sheets, 
by E.J. Biro, Y. Zhou and D. C. Weckman, University of Waterloo, 
Canada; and K. J. Ely, Edison Welding Institute. 
Spectral Analysis for Laser Weld Quality Monitoring, by A. All and 
D. Farson, The Ohio State University. 
Design of Compact Nd:YAG Laser Focus Heads, by Y. Guo and 
D. Farson, The Ohio State University. 
Optical, Acoustic and Plasma Charge Signals in Laser Welding, by 
D. Farson, The Ohio State University. 
High Energy Electron Beam Brazing of Carbon-Carbon Composites, 
by V. R. Dav~, Los Alamos National Laboratory; D. L. Goodman, 
Science Research Laboratory, Inc.; and T. W. Eagar, 
Massachusetts Institute of Technology. 

Afternoon Session: 2:00 p.m. 
Session 17: Special Processing 

Chair:. R.R. Kapoor, Saim-Gobain Ind. Ceramics 

2:00 

2:35 

3:10 

3:45 

F.fflux Plasma Charge Sensor for Keyhole Plasma Arc Welding, by 
S. B. Zhang and Y. M. Zhang, University of Kentucky. 
Flexible Forming of Sheet Metal Using Plasma Arc, by A. 1'. Male, 
P.J. Li, Y. W. Chen, Y. m. Zhang, University of Kentucky. 
Heat Generation Mechanisms in Induction Tube Welding and 
Implications on Process Parameter Selections, by Y. P. Yang and 
E Dong, BatteUe Memorial Institute. 
Bonding Mechanisms in Ultrasonic Solid State Welds, by 
K. J. Ely, Edison Welding Institute. 
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Chair: D.E. Powers, PTR-Precision Technologies, Inc. 
Co-Chair: John E Hinrichs, The Welding Link 

A 2:00 

B 2:35 

C 3:10 

D 3:45 

E 4:20 

Bending Distortion of Steel Plate after Flame Cutting with FEA, by B 
M. C. Song, S. C. Park andJ. G. Youn, Hyundai Heavy Industries 
Co., Ltd., Republic of Korea. 
Comparison of Laser and Electron Beam Weld Tensile Properties, C 
by D. D. Kautz, R. L. Page, and P. A. Stevens, Los Alamos National 
Laboratory. 
Laser Brazing of the Space Shuttle Main Engine Nozzle, by Y. P. Gao, D 
R. E Seaman, T J. McQnillan, and R. P. Martiens, Rocketdyne 
Propulsion and Power, the Boeing Company. 
Knowledge Based Ultrasonic Inspection of Welds, by T. Trapp, and 
H. Casmer, Edison Welding Institute; L. Udpa, Iowa State University; 
and R. P. Kok, Kok and Associates, Inc.; and M. Novak, The Naval E 
Surface Warfare Center. 
Fume Reduction in Shipyard Cutting Operations, by I. D. Harris, 
Edison Welding Institute. 

Thursday, April 27 

Morning Session: 9:00 a.m. 
Session IT2: G M A W / F C A W  

Ch~. I.D. Harris, Edison Welding Institute 
Co-Chair: S. Ferree, ESAB Welding & Cutting Products 

A 9:00 

B 9:35 

C 10:10 

D 10:45 

E 11:20 

Insuring 200 Max. Brinell Weld Deposit Hardness when Using 
E71T-XX Flux Cored Electrodes for Sour Gas Service, by S. Luke, 
Dresser-Rand. 
Effect of Welding Procedure on AWS A5.20-95 E71T1 Flux Cored 
Wire Deposits, by E. S. Surian and N. M. R. Rissone, DEYI'EMA, 
Argentina; I. S. Bott, Catholic University of Rio de Janeiro, Brazil; 
and L. A. deVedia, Universidad Nacional de San iartfn. 
Tandem Wire GMAW Performance on Oxidized Steel Plate, by 
n. L. Ketron and S. Brown, Edison Welding Institute; and 
R. E. Longenecker, Consultant. 
Effect of Shielding Gas and Consumable Selection on GMAW 
Galvanized Steels, by B. Green and M. Boring, Edison Welding 
Institute. 
Effects of Silicon and Sulfur Content of Welding Wire on Spatter 
Generation in GMA Welding, by Y. H. An andJ. B. Lee, POSCO 
Technical Research Laboratories, Korea; and D. S. Um, PUSAN 
National University, Korea. 

2:00 

2:35 

3:10 

3:45 

4:20 

Welding of Femtic Stainless Converter to Cast Iron Manifold, by 
J. Kotnik, D. Pope, and M. Behling, Arvin Industries; and S. Kiser, 
Special Metals. 
Improved Corrosion Resistant Coatings by ltVOF Spraying, by 
D. Harvey, The Welding Institute, United Kingdom; and O. Lunder, 
Sintef Materials Technology, Norway. 
Optimizing Weld Design of Pressure Vessels in Thermal Cycling 
Service, byJ. A. Penso, W. O. Soboyejo, D. G. Howden and 
C. L. Tsai, The Ohio State University. 
Heat Sink Welding for Preventing Hot Cracking in Alloy 2195 
Intersection Welds: A Feasibility Study, by Y. P. Yang and 
P. nong, Battelle Memorial Institute; and P. R. Roger, NASA, 
Marshall Space Flight Center. 
Advances on Electron Beam Drilling, by U. Schwab, messer igm 
Robotersysteme AG Steigerwald, Strahltechnik, Germany. 

WELDING JOURNAL I 87 



Sponsored Sessions 
W e d n e s d a y  A p r i l  2 6  

Morning Session: 9:00 a.m. 
Session SP I :Welding/Weldability of 
Difficult and/or Unusual Materials 
Sponsored by the V.S. Oeportment of Ener~ (DOE) 
Interagency Manufacturing operations Group (Imoa) 

A 9:00 

B 9:35 

C 10:10 

D 10:45 

E 11:20 

Weldment Creep in Tantalum Alloy T-I 11, by C. V. Robino, 
B. D. Hansche, J.J. Stephens, M. T. Valley, andJ. R. Michael 
Sandia National Laboratories. 
Plasma Arc and Gas Tungsten Arc Welding of Copper, by 
P. W. Fuerschbach, C. T. Morgan and G. R. Eisler, Sandia National 
Laboratories. 
Weldability and Properties of Free Machining Stainless Steel, by 
J. Brooks, S. Goods, T. Headley, G. Knorovsky, C. Robino, and 
N. Yang, Sandia National Laboratories. 
AEM Study of the Joint Interface between Stainless Steel and 
Niobium, i .  J. Cola, D. E Teter, R. M. Dickerson, Los Ahmos 
National Laboratory. 
Grain Boundary Character Distribution in Alloy 690 and Its 
Influence on Weldability, by M. J. Cola, V. R. nav~ and 
G. N. A. Hussen, Los Ahmos National Laboratory; and M. Kumar, 
Lawrence Livermore National Laboratory. 

Afternoon Session: 2:00 p.m. 
Session SP2: Modern Diagnostic 
Techniques 
Sponsored by the U.S. Oepariment Of Ener~ (OOE) 
lnteragenq Manufacturing Operations Group (IaOa) 

Ch~. J. Milewski, Los Alamos National Laboratory 
Co-Chair: C.V. Robino, Sandia National Laboratories 

A 2:00 

B 2:35 

C 3:10 

D 3:45 

E 4:20 

Advances and Limitations in High Resolution Gleeble® Dilatometry, 
by J. D. Puskar, C. V. Robino, M. Reece, and G. A. Enorovsky, 
Sandia National Laboratory. 
Beam Characteristics of High Power Fiber Delivered Nd:YAG Lasers, 
by D. O. MacCalhm and P. W. Fuerschbanh, Sandia National 
Laboratories; and J. Milewski and M. Piltch, Los Ahmos National 
Laboratories. 
Calculated vs. Experimental Heat Inputs in Laser Spot Welding, 
by G. A. Knorovsky, Sandia National Laboratories. 
Plasma Temperatures in Hyperbaric GTAW Arcs, by P. Burgardt, Los 
Ahmos National Laboratory. 
Further Validation of a Modified Faraday Cop for the Omrminntion 
of the Power Distribution in High Power Electron Beams, by 
T. M. Mustaleski, Lockheed Martin Energy Systems; J. W. Elmer, 
and A. Te~y~ Lawrence Livermore National Laboratories. 

Afternoon Session: 2:00 p.m. 
Session SP3: Global Benchmarking 
t h r o u g h  Participation in the I I W  
Sponsored by the American Council of the/IW 

Chair:. P.W. Ramsey, Ramsey & Associates 
Co-Chair: R.E. Long, Welding Specialists, Inc. 

A 2:00 

B 2:35 
C 3:10 

D 3:45 

An Overview of the HW, by B. Braithwaite, The Welding Institute, 
United Kingdom. 
An Overview of the American Council, by T. Siewert, NIST. 
The Activities of a 1~pical Commission- Commission I1, by 
D. Kotedd, Lincoln Electric Co. 
IIW Personnel Qualification and Training Activities, by 
R.J. Teuscber, Airgas; and D. G. Howden, The Ohio State 
University. 
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SCWI/CWI/CWE Examination 

Saturday, April 29, 
8:00 a.m.- 5:00 p.m. 

Wednesday April 26 

Morning Session: 9:00 a.m.-  Noon 
ACD I : Submerged Arc Welding Today 

This examination is offered to applicants interested in obtaining the 
Certified Welding Inspector (CWI), Certified Welding Educator (CWE) or 
Senior Certified Welding Inspector (SCWI) certification. 

Certified Welding Inspectors help ensure the quality of welding work and 
industrial products. Meeting the Society's rigorous CWI criteria has become 
the standard for recognizing the achievement in the welding business. 

The American Welding Society also has responded to the needs of welding A. 
educators to have their skill and knowledge verified to the nationally 
recognized QC-5 Certified Welding Educator Standard. Federal and state B. 
education budget cutbacks make this a particularly valuable designation. 

The Senior Certified Welding Inspector Program (SCWI) is intended for C. 
seasoned inspection managers who have been CWls for at least 6 years, and 
who have no fewer than 15 years of experience in an occupational function 
that has a direct relationship to welded assemblies. This certification should D. 
prove to be the benchmark for the career welding inspection professional. 

Exam applications must be completed and submitted to the AWS 
Certification Department six weeks before the scheduled examination. Request E. 
an information package and an examination application from the Certification 
Department by mail or by telephone at (800) or (305) 443-9353 ext 273. The 
status of a completed and submitted application will be confirmed by mail, F. 
where it will be stated whether the applicant meets qualifications to sit for the 
examination. G. 

SCWI/CWI Examination: AWS Members $410, Nonmembers $595; 
CWE Examination: AWS Members $305, Nonmembers $495 

Nonmember price includes three-year membership. 

Chair: J. E Saenger, Jr., Edison Welding Institute EWI 

Manufacturers of submerged arc equipment, wire and fluxes will describe 
today's products and their advantages. There will be eight presentations, with 
opportunities for listeners to question the presenters at the end of the session. 

9:00 

9:20 

9:40 

10:00 

10:20 

10:40 

11:00 

H. 11:20 

I. 11:40 

Welding Automation Equipment for the Submerged Arc 
Process, by Kevin Corgan, Pandjiris, Inc. 
Development of Portable Submerged Arc Equipment, 
by Bisham Malkani, Gullco International. 
Microprocessor-based Submerged Arc Controls and 
Power; Consumables for High Toughness Applications, 
by Jerry uttrachi, ESAB. 
State-of-the-Art Submerged Arc and Electroslag Strip 
Cladding, by Russel Fuchs, Bohler-Thyssen Welding 
USA. 
Submerged Arc Materials for 300 Series and Duplex 
Stainless Steels, Nickel Alloys, by Frank Babish, 
Sandvik Steel Co. 
Low Hydrogen Consumables, by Matthew James, The 
Lincoln Electric Co. 
Summit Arc AC/DC CC/CV Power Source Used as a 
Trail Arc in a Tandem Arc Application, by Kevan 
Kokkonen, Miller Electric mfg. Co. 
Today's Flux-Recovery Systems, by Mark Lauber, 
Invincible AirFlow Systems 
Question and Answer Session 

/ 

Afternoon Session: 2:00 p.m.- 5:00 p.m. 
ACD2: Today's Flux-Cored Technology 
New Products, New Applications 

Chair: Susan Fiore, ESAB Welding & Cutting Products 

A. 2:00 

B. 2:20 

C. 2:40 

New Family of Vanadium & Tungsten Carbide 
Hardfacing Alloys, by Bill Mosier, Polymet Corporation. 
Capabilities and Limitations of Modern Flux Cored 
Wires for the Welding of Duplex Stainless Steels, 
by Russel Fuchs, Bohler Thyssen Welding. USA. 
All-Position Gas-Shielded Flux Cored Wires for Nickel- 
Based Alloys (the past year has seen a significant 
increase in the usage level), by Dr. Ravi ienon, 
Stoody Company. 
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F. 3:40 

G. 4:00 

H. 4:20 

Ferritic and Martensitic Stainless Steels, I~y Stan Ferree, 
ESAB Welding & Cutting Products. 
1/16-in. Coreshield 8 (E71T-8) Shielded Flux-Cored 
Wire for Welding in All-Positions. Designed for more 
stringent weld metal impact properties in seismic 
areas, by Stan Ferree, ESAB Welding & Cutting 
Products. 
Unique Seamless E70T-1 Flux Cored Wire: Moisture 
Absorption, Copper Coating, Electrical Conductivity, by 
Terry D. Byrd, Thermal Arc/Stoody Company. 
Nickel-Based Cored Wires, by John Beyer, 
Cor-Met, Inc. 

Afternoon Session: 2:00 p.m. m 5:00 p.m. 
A C D  3: Brazing and Soldering of 
Dissimilar Metals 
Presented by the Brazing and Soldering Manufacturers' Committee 
To be announced 

A C D  4: Protecting Your Welder  and 
CoWorkers from Fumes, Radiation 
and Noise 
To be announced 

Afternoon Session: 2:00 p.m.-  5:00 p.m. 
A C D  5: New G M A W  Equipment m W h a t  
Can All This Sophisticated Hardware Do 
for Me? 

Chair: David Meyer, ESAB Welding & Cutting Products 

A. 2:00 

B. 2:35 

C. 3:10 

D. 3:45 

E. 4:20 

F. 4:55 

Microprocessor Controlled Orbital GMAW, by Ken 
BrazzeU, Liburdi Dimetrics. 
Aristo 2000: Man-Machine Interface for the 
Millennium, by Joe nevito, ESAB Welding and Cutting 
Products. 
HMII Series Dip Pulse, Inverter Power Supply, by 
Tim Nacey, Panasonic Factory Automation. 
Pulsed Arc GMAW Equipment for Tandem Wire 
Welding, by Joseph Veilla, Cloos Robotic Welding, Inc. 
Turbo Pulse O F -  User Benefits of Fuzzy Logic 
Control; AC GMAW, by William Guest, Daihen. 
New GMAW Equipment, by Joe Fink, Miller Electric Co. 
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2000 A W S  Exhibitors, * Indicates Wemco  and Sustaining Members 

A.R.E. Ind . . . . . . . . . . . . . . . . . .  2432 
AACCO . . . . . . . . . . . . . . . . . . . .  2068 
*ABB Flexible Automation, I n c . . . 2 0 1 2  
Abicor Binzel . . . . . . . . . . . . . . .  1064 
Abreast Abrasives Corp . . . . . . . . . .  348 
Accra-Wire Controls Inc . . . . . . . .  2032 
AccuData Inc . . . . . . . . . . . . . . . .  2032 
Ace Industrial Products . . . . . . . . .  424 
Acme Cyrogenics . . . . . . . . . . . . .  2430 
Acme Refining Scrap Iron & 

Metal Co . . . . . . . . . . . . . . . . .  2155 
ADF Systems Ltd . . . . . . . . . . . . . .  2161 
Advanced Fabricating Mach . . . . . .  748 
Advanced Kiffer Systems, Inc . . . . .  1274 
Advanced Measuring Systems . . . .  1803 
Aervoe-Pacific Co., Inc . . . . . . . . .  2022 
Affinity Ind. Inc . . . . . . . . . . . . . .  2428 
*Air Products & Chemicals, Inc . . .  1619 
Airflow Systems, Inc . . . . . . . . . . . .  264 
Airgas Inc . . . . . . . . . . . . . . . . . .  1118 
*Mcotec Wire Co . . . . . . . . . . . . . .  916 
Allied Flux Reclaiming/Itarbert's 

Products, Inc . . . . . . . . . . . . .  1471 
Alphatex Co . . . . . . . . . . . . . . . . .  2059 
America Fortune Co . . . . . . . . . . .  2003 
American Cap Co . . . . . . . . . . . . .  2101 
American Engineering & Welding..775 
*American Filler Metals Co . . . . . . .  970 
American Laser Spares . . . . . . . .  2157 
American Saw & Mfg. Co . . . . . . . .  854 
American Society for Nondestructive 

Testing Inc. (ASNT) . . . . . . . . .  534 
American Tool Companies, Inc . . . .  305 
*American Torch Tip Co., Inc . . . . .  439 
American Welder Repair . . . . . . .  2132 
American Welder, The . . . . . . . . .  0002 
American Welding Society, The...0OO0 
American Weldquip, Inc . . . . . . . .  1258 
Amerisafe Inc . . . . . . . . . . . . . . . .  2275 
Ameritherm Inc . . . . . . . . . . . . . .  2043 
*Amet, Inc . . . . . . . . . . . . . . . . . . .  952 
Ampco Metal Inc . . . . . . . . . . . . .  1828 
Anderson Inc . . . . . . . . . . . . . . . . .  634 
Anderson Products . . . . . . . . . . . .  728 
Anglo American Enterprises Corp. 1924 
Anval Inc . . . . . . . . . . . . . . . . . . .  1768 
AOQC Moody Int'l, Inc . . . . . . . . . .  202 
Applied Robotics Inc . . . . . . . . . . .  843 
*Arc Machines . . . . . . . . . . . . . . .  416 
Arc Specialties . . . . . . . . . . . . . .  1767 
Arc-Zone.Com . . . . . . . . . . . . . . .  2245 
Arcon Welding LLC . . . . . . . . . . . .  452 
*ArcOne . . . . . . . . . . . . . . . . . . . .  846 
Arcsmith-Smith Equipment . . . . .  1612 
Arctech Welding Electrodes and Wire 

Ind. Inc . . . . . . . . . . . . . . . . .  2210 
Armstrong-Blum Mfg. Co . . . . . . . .  974 
ATI Industrial Automation . . . . . .  2137 
Atlantic China Welding 

Consumables, Inc . . . . . . . . . .  2230 
Atlas - Raisen L.L.C . . . . . . . . . . . .  868 
*Atlas Welding Accessories, I n c . . . 7 3 4  
*Auburn Mfg., Inc . . . . . . . . . . . . .  414 
Aufhauser Corp . . . . . . . . . . . . . .  2229 
Avesta Welding Products, Inc . . . .  1057 
Bear Paw Magnetic Tools Inc . . . .  1801 
Beijing Advanced Metal Materials .2154 
Beijing Metals & Minerals . . . . . .  2362 
Belchfire Corp . . . . . . . . . . . . . . .  2214 
Belleville Area College . . . . . . . . .  2088 
Bernard, a Div. of Dovatech, Ltd . .  1428 
OBO Bettermann . . . . . . . . . . . . .  1052 
Bluco Corp . . . . . . . . . . . . . . . . .  1170 
*BMS, Inc . . . . . . . . . . . . . . . . . . .  601 
*Bohler-Thyssen Welding U.S.A...2006 
Bona] Technologies Inc . . . . . . . . .  622 
Bore Repair Systems, Inc . . . . . . .  2135 
Bosch Automation Technology . . .  1679 

Bradford Derustit Corp . . . . . . . . . .  617 
Briggs & Stratton Corp . . . . . . . . . .  758 
British Federal North America . . . .  273 
Broco Inc . . . . . . . . . . . . . . . . . . .  624 
BTU Contracts, Inc . . . . . . . . . . . . .  954 
*Bug-O-Systems Inc . . . . . . . . . . .  1139 
Burney/Cleveland Motion Controls 1142 
Burr King Mfg. Co., Inc . . . . . . . . .  1782 
C & G Systems, a Thermadyne 

Co . . . . . . . . . . . . . . . . .  1416/1228 
*C-K Worldwide . . . . . . . . . . . . .  1616 
C-Spec . . . . . . . . . . . . . . . . . . . .  2062 
C. H. Symington & Co . . . . . . . . . . .  549 
Caldwell Group, The . . . . . . . . . . .  544 
Canadian Welding Bureau, a Div. of 

the CWB Group . . . . . . . . . . . .  653 
Carborundum Abrasives NA . . . . . .  513 
Carris Reels, Inc . . . . . . . . . . . . . .  2246 
Cebora S.P.A . . . . . . . . . . . . . . . . . .  941 
*Centerline (WINDSOR) Ltd . . . . . .  936 
Ceodeux Inc . . . . . . . . . . . . . . . . .  658 
*Cerbaco Ltd . . . . . . . . . . . . . . . .  2122 
CGW Abrasive Mfg. U.S.A . . . . . . .  2336 
Champion Laboratories, Inc . . . . .  1571 
Chemclean Corp . . . . . . . . . . . . . . .  203 
Chicago Protective Apparel . . . . . .  409 
China National Wujin Mahang 

Welding & Cutting Plan . . . . . . .  647 
Chosun Steel Wire Co . . . . . . . . . . .  964 
Clausing/Metal Muncher . . . . . . . .  939 
Cleveland Convention & 

Visitors Bureau . . . . . . . . . . . .  747 
CloDs Robotic Welding, Inc . . . . . . .  231 
CML U.S.A. Inc. - Ercolina . . . . . .  2072 
CMS Gllbreth . . . . . . . . . . . . . . . .  356 
CMW, Inc . . . . . . . . . . . . . . . . . . . .  139 
CNI-Ceramic Nozzles Inc . . . . . . . .  1925 
Codeware . . . . . . . . . . . . . . . . . . .  746 
Colorado School of Mines . . . . . .  1986 
Comac USA Inc . . . . . . . . . . . . . . .  871 
Comeq, Inc . . . . . . . . . . . . . . . . .  1019 
Computer Engineering, lnc . . . . . .  2324 
Computer Weld Technology Inc . . .  1358 
Computers Unltd . . . . . . . . . . . . .  2044 
Conam Inspection Inc . . . . . . . . . .  528 
Continental Abrasives . . . . . . . . .  2414 
Contour, Div. of Jackons 

Products . . . . . . . . . . . .  1407/1411 
Contract Fusion Inc . . . . . . . . . . . .  228 
*Controls Corp. of America . . . . .  1928 
Convergent Energy . . . . . . . . . . .  2152 
Cooper Power Tools . . . . . . . . . . .  635 
Cooptim Ltd . . . . . . . . . . . . . . . . . .  866 
*Cot-Met, Inc . . . . . . . . . . . . . . . .  1054 
Corex . . . . . . . . . . . . . . . . . . . . .  1805 
Crouse-ltinds Molded Products . . .362  
Cryogas Int'l . . . . . . . . . . . . . . . . .  822 
Cryogenic Ind./Acd . . . . . . . . . . . .  972 
Cryostar U.S.A . . . . . . . . . . . . . . . .  236 
CTR, lnc . . . . . . . . . . . . . . . . . . . .  116 
CVI . . . . . . . . . . . . . . . . . . . . . . .  1802 
Cypress Welding Equipment . . . . .  1141 
D. L. Ricci Corp./H&S Tool . . . . . .  258 
Daihen Inc . . . . . . . . . . . . . . . . . .  2201 
Dake . . . . . . . . . . . . . . . . . . . . . .  152 
Dalex-Werke Niepenberg 

GmBH & Co . . . . . . . . . . . . . . .  832 
Oalloz Safety (Willson/Bilsom) . . .421 
Darco Southern Inc . . . . . . . . . . . .  407 
Dataweld Inc . . . . . . . . . . . . . . . .  1155 
DCE, Dust Control Eqpt., Inc . . . . . .  654 
De-Sta-Co Ind . . . . . . . . . . . . . . .  1532 
nel  Liftgates, Inc . . . . . . . . . . . . .  1493 
Deneb Robotics, Inc . . . . . . . . . . . .  816 
Dengensha America Corp . . . . . . .  2132 
Deutz Corp . . . . . . . . . . . . . . . . .  2028 
*Devasco lnt'l Inc . . . . . . . . . . . . .  458 
Direct Wire & Cable, Inc . . . . . . . . .  220 

Divers Academy of the Eastern 
Seaboard, Inc . . . . . . . . . . . . .  2087 

Do All . . . . . . . . . . . . . . . . . . . . .  1282 
Do-Ceram Engineered 

Ceramic Co. Ltd . . . . . . . . . . . .  343 
Doringer Cold Saws . . . . . . . . . . . .  229 
*Dovatech Ltd . . . . . . . . . . . . . . .  1428 
Drillco Cutting Tools . . . . . . . . . .  2452 
Dynabrade, Inc . . . . . . . . . . . . . . .  716 
Dynaflux Inc . . . . . . . . . . . . . . . . .  823 
Eagle Bending Machines, Inc . . . .  2047 
E. H. Wachs Co . . . . . . . . . . . . . .  1039 
E.G. Heller's Son, Inc . . . . . . . . . .  1252 
Eagle Bending Machines Inc . . . . .  2047 
Eastern Etching & Mfg . . . . . . . . . .  652 
Edwards Mfg. Co . . . . . . . . . . . . . .  956 
Elderfleld & Hall, Inc . . . . . . . . . . .  303 
Electro-Max Mfg. C o . . .  . . . . . . . . .  930 
Electrode Dressers Inc . . . . . . . . . .  443 
*Electron Beam Technologies . . .  1122 
Elocab Tailor-Made Cables . . . . . . .  216 
*Emhart Fastening & Assembly 

Systems Group . . . . . . . . . . . . .  121 
Encompass Engineering LLC . . . . .  205 
Engethard Corp . . . . . . . . . . . . . .  2231 
Entron Controls, Inc . . . . . . . . . . . .  445 
Environmental Air Solutions . . . . .  509 
Equotip Associates . . . . . . . . . . . .  141 
Erico, Inc . . . . . . . . . . . . . . . . . .  1943 
*ESAB Welding & Cutting 

Products . . . . . . . . . . . . .  807/1007 
Esco Tool . . . . . . . . . . . . . . . . . .  2024 
eSprocket . . . . . . . . . . . . . . . . . .  2311 
Essen Trade Shows . . . . . . . . . . . .  857 
*Essex Group, Inc . . . . . . . . . . . . .  321 
Euro-Tool . . . . . . . . . . . . . . . . . . .  103 
Eurofllter USA . . . . . . . . . . . . . . .  1571 
Eurosider Di Millo . . . . . . . . . . .  2144 
Everest VIT, Inc . . . . . . . . . . . . . . .  870 
*EWl-Edison Welding Institute . . .  1456 
Exel Design . . . . . . . . . . . . . . . . . .  408 
Expansion Seal Technologies . . . . .  249 
Expert Components, Inc . . . . . . . . .  239 
E W. Winter Inc. & Co . . . . . . . . . .  352 
Fabricating Equipment News . . . . .  219 
Factory Cat . . . . . . . . . . . . . . . . . .  682 
Falcon Abrasive Mfg . . . . . . . . . . . .  337 
Fanuc Robotics 

Noth America, Inc . . . . . . . . . .  1639 
Femi S.R.L . . . . . . . . . . . . . . . . . .  1854 
Ferris State University . . . . . . . . .  2085 
FHP Elmotor AB . . . . . . . . . . . . . .  943 
Fiba Technologies, Inc . . . . . . . . . .  542 
Flame Technologies, Inc . . . . . . . .  2052 
Flange Wizard Tools . . . . . . . . . .  2252 
Flexovit U.S.A. Inc . . . . . . . . . . . . .  761 
Flowdrill lnc . . . . . . . . . . . . . . . . .  420 
Foremost Machinery Corp(U.S. Rep 

Axxair . . . . . . . . . . . . . . . . . .  1765 
Fork-Levator lnc . . . . . . . . . . . . .  1872 
Formdrill-Div Of Foremost 

Machinery . . . . . . . . . . . . . . .  1866 
Frimar SAS . . . . . . . . . . . . . . . . .  1764 
Frommelt Machine Guarding 

Products . . . . . . . . . . . . . . . . .  241 
Frommelt Safety Products . . . . . . .  924 
Fusion Inc . . . . . . . . . . . . . . . . . . .  958 
G.B.C. - America . . . . . . . . . . . . . .  406 
Galliani, Pietro . . . . . . . . . . . . . .  2331 
Gah Technical Services . . . . . . . . .  819 
Gander Brands Inc . . . . . . . . . . . . .  464 
Garryson, lnc . . . . . . . . . . . . . . . . .  968 
Gas Technology Energy 

Concepts, LLC . . . . . . . . . . . . .  225 
Gases & Welding Distributor . . . . .  522 
Gasflux Co . . . . . . . . . . . . . . . . . .  2224 
Gastech Products, Inc . . . . . . . . . . .  867 
Gedik Kaynak Sanayi Ve Ticaret A.S. 201 

General Cylinders Corp . . . . . . . . . .  760 
Generico Equipment Co., Inc . . . . .  675 
*Genesis Systems Group . . . . . . .  1658 
Genustech . . . . . . . . . . . . . . . . . .  2262 
Genweld . . . . . . . . . . . . . . . . . . . .  674 
Georg Fischer Pipe Tools . . . . . . .  1145 
German Welding Society . . . . . . . .  857 
Good Hand, Inc . . . . . . . . . . . . . . .  413 
*Goss Inc . . . . . . . . . . . . . . . . . . .  1716 
Gow-Mac Instrument Co . . . . . . . . .  859 
Gross Stabil Corp . . . . . . . . . . . . . .  506 
GSI Lumonics . . . . . . . . . . . . . . . .  306 
Guard-Line, Inc . . . . . . . . . . . . . .  2009 
Gulf Wire Corp . . . . . . . . . . . . . . . .  729 
*GuUco Int'l Inc . . . . . . . . . . . . . .  1135 
H & B Distributors . . . . . . . . . . .  1130 
*H & H Sales Co., Inc . . . . . . . . . .  1493 
*H & M Pipe Beveling Machine Co.1161 
H & S Tool, Inc . . . . . . . . . . . . . . .  258 
Haberle/Ken Bergman & Associates 261 
Haco-Atlantic, Inc . . . . . . . . . . . . .  839 
Harris Welco Div. of 

J. w. Harris Co . . . . . . . . . . . .  1332 
HE&M Saw . . . . . . . . . . . . . . . . .  1966 
Heath, Michelle & Andy . . . . . . . .  1990 
Heck Ind . . . . . . . . . . . . . . . . . . . .  425 
Henning Hansen Inc . . . . . . . . . . .  2448 
High Purity Gas Co . . . . . . . . . . . . .  601 
Hitco Carbon Composites, Inc . . . . .  711 
*Hobart Brothers Co . . . . . . . . . .  1805 
Hobart Institute Of Welding Tech.. 1810 
Hobart Welding Eqpt . . . . . . . . . .  1606 
Hoodlum Welding Gear . . . . . . . .  2318 
*Hornell Speed#as, Inc . . . . . . . . .  447 
Hougen Mfg. Co . . . . . . . . . . . . . .  1041 
Howard Leight . . . . . . . . . . . . . .  1673 
Hyd-Mech Saws . . . . . . . . . . . . . . .  435 
Hydropedes Insoles . . . . . . . . . . .  2069 
*Hypertherm Inc . . . . . . . . . . . . .  1652 
Hyundai Welding Products, Inc . . . .  882 
Ibeda Superflash Gas Safety Eqpt..2174 
Impact Engineering, Inc . . . . . . . .  1955 
Imperial Weld Ring Corp . . . . . . . .  541 
Impulse System Technology, I n c . . . 4 3 3  
Inco Alloys Int'l A Special Metals . .723 
Industrial Machine Trader . . . . . . .  207 
Industrial Machinery Digest . . . . . .  219 
Industrial Market Place . . . . . . . . .  422 
Inertia Friction Welding, Inc . . . . . .  773 
Innerlogic Inc . . . . . . . . . . . . . . .  1585 
Intelligent Monitoring Systems LLC 1970 
Intercon Enterprises Inc . . . . . . . .  1070 
Int'l Titanium Association . . . . . .  2239 
Invincible Airflow Systems . . . . . .  1922 
*Inweld Corp . . . . . . . . . . . . . . . .  1841 
IPR - RAS Welding . . . . . . . . . . . .  2420 
IRT-Scanmaster Systems, Inc . . . . . .  828 
ITA . . . . . . . . . . . . . . . . . . . . . . . .  871 
ITW Dykem/Dymon . . . . . . . . . . .  2103 
lwatani Int'l Corp. Of America . . .  1685 
J. Walter Inc . . . . . . . . . . . . . .  524/628 
*J.P. Nissen Co . . . . . . . . . . . . . . . .  504 
*Jackson Products, Inc . . . .  1407/1411 
*James Morton, Co . . . . . . . . . . . .  1311 
*Jancy Engineering Co . . . . . . . . .  1485 
Jaz U.S.A., Inc./Jaz Zuhiaurre, S.A..755 
Jepson Power Tools . . . . . . . . . . . .  101 
Jesco Ind. Inc . . . . . . . . . . . . . . . .  510 
Jet Wheelblast Equipment . . . . . .  2328 
*Jetline Engineering Inc . . . . . . . .  1402 
John Tillman Co . . . . . . . . . . . . . . .  316 
Joseph A. Thomas, Ltd. 

(Handi Disc) . . . . . . . . . . . . .  2209 
*K & K Welding Products . . . . . . .  1432 
Kawasaki Robotics (U.S.A) I n c . . . 1 4 8 2  
Kayo Products CP., Ltd . . . . . . . . .  1964 
Kedman Co . . . . . . . . . . . . .  1407/1411 
*Kemper U.S.A., Inc . . . . . . . . . . .  2439 
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2000 A W S  Exhibitors, * Indicates 
Keter Consultants . . . . . . . . . . . . .  566 
Kinco lnt'l, Inc . . . . . . . . . . . . . . .  2228 
King Bag & Mfg. Co . . . . . . . . . . . .  743 
Kisfler Instrument Corp . . . . . . . .  2066 
Kistler Machines Co . . . . . . . . . . . .  557 
Klimawent-Centre of 

Ventilation Engr. . . . . . . . . . . .  1382 
*Klingspor Abrasives, Inc . . . . . . .  2309 
KobaUoy Co . . . . . . . . . . . . . . . . . .  601 
*Kobelco Welding Of America . . . .  605 
Kohler Co-Engine Division . . . . . . .  852 
Koike Aronson Inc . . . . . . . . . . . .  1219 
Komatsu Cutting Technologies . . . .  105 
Koolant Koolers Inc . . . . . . . . . . .  1436 
Korean Welding Industry 

Cooperative . . . . . . . . . . . . . . .  355 
Krautkramer Branson . . . . . . . . .  2001 
Kromer Cap Co., Inc . . . . . . . . . . .  1831 
KS Electron Technologies . . . . . . .  2418 
L S Ind . . . . . . . . . . . . . . . . . . . . .  1901 
*M-CO Ind. Inc.-Markel . . . . . . .  1116 
Lai Midwest . . . . . . . . . . . . . . . .  1728 
Lantek Systems Inc . . . . . . . . . . . . .  508 
Larco Sales Group . . . . . . . . . . . .  1174 
Lasag Industrial-Lasers . . . . . . . . .  401 
Laser Machining Inc . . . . . . . . . . .  1628 
Laser Mechanisms, Inc . . . . . . . . .  1865 
Lenco . . . . . . . . . . . . . . . . . . . . .  1235 
Lenox . . . . . . . . . . . . . . . . . . . . . .  854 
LeTourneau University . . . . . . . . .  2091 
Libra Ind. Inc. Recycling Div. . . . . .  217 
Liburdi Dimetrics Corp . . . . . . . . .  l 157 
*Lincoln Electric Co., The . .1439/1639 
Lockheed Martin Michoud 

Space Systems . . . . . . . . . . . .  2329 
Lyall's Labors Ltd . . . . . . . . . . . . .  2090 
M. Braun, Inc . . . . . . . . . . . . . . .  1946 
Machine Tech, Inc . . . . . . . . . . . . .  903 
Machine Tools.corn . . . . . . . . . . .  1361 
*Mack Products Co . . . . . . . . . . .  1771 
Mactech/Stresstech . . . . . . . . . . .  2024 
Magnaflux . . . . . . . . . . . . . . . . . .  2102 
*Magnatech Ltd. Partnership . . . .  2212 
MAN-Modern Application News . .1952 
Manuings U.S.A., Inc . . . . . . . . . .  2236 
Mark-Tex Corp . . . . . . . . . . . . . . . .  718 
*Mathey Dearman Inc . . . . . . . . .  1535 
McKay Welding Products . . . . . . .  1805 
MECHAF1N AG . . . . . . . . . . . . . . . .  943 
Mega Mfg./Piranha-AUsteel . . . . .  1028 
Merit Abrasive Products Inc . . . . . .  646 
Metabo Corp . . . . . . . . . . . . . . . . .  713 
Metal Forming Magazine . . . . . . . .  856 
Metal Mates, lnc . . . . . . . . . . . . . .  237 
*Metal Processing Systems, I n c . . .  1630 
Metal-Mizer . . . . . . . . . . . . . . . . .  461 
Metorex lnc . . . . . . . . . . . . . . . . . .  432 
MG Systems-Messer . . . . . . . . . . . .  459 
MG Welding Products . . . . . . . . .  1954 
Micro Air by Metal-Fab lnc . . . . . .  1061 
Midalloy, Inc . . . . . . . . . . . . . . . .  1829 
*Miller Electric Mfg . . . . . . . . . . .  1606 
Milwaukee Electric Tool Corp . . . .  1016 
Milweld Inc . . . . . . . . . . . . . . . . . .  630 
Mim Ind., Inc . . . . . . . . . . . . . . . .  1822 
*Mitsubishi Materials U.S.A. Corp. A11 
Miyachi . . . . . . . . . . . . . . . . . . . .  928 
*MK Products lnc . . . . . . . . . . . . .  1452 
Modular Ventilation Products lnc. 2041 
Moldex-Metric, Inc . . . . . . . . . . . .  206 
Monroe Engineering Products, Inc. 564 
Moore Industrial Hardware . . . . . .  664 
Morgan Advanced Ceramics . . . . .  2409 
Morsafe . . . . . . . . . . . . . . .  1407/1411 
*Motoman, Inc . . . . . . . . . . . . . . .  1858 
MQ Power Inc. Div. of Muliiquip . 1682 
MVE, lnc . . . . . . . . . . . . . . . . . . .  1816 
N.A. Tech. Inc . . . . . . . . . . . . . . .  1910 
N.LE Protective Products . . . . . . .  548 

Nasco Inc . . . . . . . . . . . . . . . . . .  2222 
*National Standard Co . . . . . . . . .  1460 
Natweld-Hi Alloy Corp . . . . . . . . .  1841 
*Naval Surface Warfare Center 

(NSWC) . . . . . . . . . . . . . . . . .  1456 
Navy Joining Center (NJC) . . . . . .  1456 
*Nederman, Inc . . . . . . . . . . . . . . .  919 
Neutrouics Inc . . . . . . . . . . . . . . . .  774 
Newtex Ind. lnc . . . . . . . . . . . . . .  2348 
Nikro Ind. Inc . . . . . . . . . . . . . . .  2345 
Niton Corp . . . . . . . . . . . . . . . . . . .  534 
Nitto Kohki U.S.A., lnc . . . . . . . . .  1148 
NonDestructive Testing Group . . . .  431 
*Norris Cylinder Co . . . . . . . . . . .  1473 
Norton Co . . . . . . . . . . . . . . . . . .  1047 
NSL Analytical Services, Inc . . . . . . .  218 
NTT . . . . . . . . . . . . . . . . . . . . . .  1612 
Oerlikon Welding Ltd . . . . . . . . . .  2222 
Oetiker, Inc . . . . . . . . . . . . . . . . . .  614 
Ogden Eng. Corp./1SU . . . . . . . . .  2156 
OGI/PSU . . . . . . . . . . . . . . . . . . .  1988 
Ohio State University, The 

Welding Engineering . . . . . . .  2089 
OKI Int'l, Division of OKI Bering . 1773 
Olympus America Inc . . . . . . . . . . .  710 
Omniturn . . . . . . . . . . . . . . . . . . .  546 
Onan Corp . . . . . . . . . . . . . . . . . . .  301 
OPTREL AG . . . . . . . . . . . . . . . . .  1673 
Osborn Int'l . . . . . . . . . . . . . . . .  2039 
*Osram Slyvania Inc . . . . . . . . . . .  1574 
Otos Optical Co., Ltd . . . . . . . . . . .  531 
Oxo Welding Eqpt. Co . . . . . . . . . .  1612 
Oxylance Corp . . . . . . . . . . . . . .  1911 
P & R Specialty, Inc . . . . . . . . . . . .  821 
Pac-Mig luc . . . . . . . . . . . . . . . . .  2060 
Pacific Aerospace & E lec t ron ics . . . 217  
Panametrics Inc . . . . . . . . . . . . . . .  328 
*Panasonic Factory 

Automation . . . . . . . .  1464 +1664 
*Pandjiris Inc . . . . . . . . . . . . . . .  1813 
Pangborn Co . . . . . . . . . . . . . . . . .  267 
Parweld Ltd . . . . . . . . . . . . . . . . . .  109 
Pat Mooney Inc . . . . . . . . . . . . . . .  766 
PCI Energy Services . . . . . . . . . . . .  874 
Pearl Abrasive Co . . . . . . . . . . . . . .  610 
Peddinghaus Corp. Tool Div. . . . .  2141 
Permadur Industries, Inc . . . . . . . .  819 
Peters, Cherie A., 

Metalworking Artist . . . . . . . .  1987 
*Pferd Inc . . . . . . . . . . . . . . . . . .  1271 
PHI . . . . . . . . . . . . . . . . . . . . . . .  543 
*Phoenix Int'l . . . . . . . . . . . . . . . .  736 
Photouics Spectra . . . . . . . . . . . .  1735 
Pietro Galliani S.p.A . . . . . . . . . . .  2331 
Pillar/Cycle-Dyne . . . . . . . . . . . . . .  731 
PIP Co. (Preferred Innovative 

Products Co.) . . . . . . . . . . . . .  336 
Plasma Scorpion Schneiden & 

Schweissen AG . . . . . . . . . . . . .  270 
Plazcraft, A Div. of DovaTech, Ltd. 1428 
*Plymovent Corp . . . . . . . . . . . . . .  128 
Polymet Corp . . . . . . . . . . . . . . . .  1870 
Port-A-Cool, General Shelters 

Of Texas . . . . . . . . . . . . . . . .  2104 
Practical Welding Today/ 

The Fabricator . . . . . . . . . . . . .  618 
Praxair Surface Tech., Inc . . . . . . .  1245 
*Praxair, Inc . . . . . . . . . . . . . . . .  1245 
Precision Welding Technologies,lnc.667 
*Preston-Eastin lnc . . . . . . . . . . .  1479 
Prince And Izant Co . . . . . . . . . . .  2248 
Pro Design Welding Hoods . . . . . .  137 
Procon Products . . . . . . . . . . . . . .  320 
Profax . . . . . . . . . . . . . . . . . . . .  1235 
Project Tool & Die, Inc . . . . . . . . . .  616 
Protein U.S.A./CSI Tools, Inc . . . . .  1213 
Proteus Ind . . . . . . . . . . . . . . . . .  2067 
Pulsar Lid . . . . . . . . . . . . . . . . . .  1974 
Punch Press-The Metalworkers 

W e m c o  and Sustaining Members 
Market Place . . . . . . . . . . . . . .  556 

Quality Components Co . . . . . . . . .  2053 
Raddital . . . . . . . . . . . . . . . . . . .  1317 
Radyne Corp . . . . . . . . . . . . . . . .  1074 
Rankin Ind. Inc . . . . . . . . . . . . . .  1355 
*Ransome Co . . . . . . . . . . . . . . . .  1241 
Ready Welder Corp . . . . . . . . . . . .  2354 
Reed Mfg. Co., Inc . . . . . . . . . . . . .  521 
Reis Robotics . . . . . . . . . . . . . . .  1207 
Resistance Welder Mfg. Assoc . . . . .  830 
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34m i nations 
y transfer too hot?. Short circuit too cold? Then consider 
MIG for aluminum. It can combat warpage, burn through, 
puddle control, lack of fusion, spatter and poor appearance. 

,,,,o ,,,uminations explains the pulsed process and introduces a 
simple, affordable machine with built-in pulsing controls. 

questions 
ANSWERS 

David Almy 
Welding Engineer 
Miller Electric Mfg, Co. 

In pulsed MIG 
welding, technically a 
modified spray transfer 
process, the machine 
switches between a high 
peak current and a low 
background current 
(see Fig. 1). The peak 
current pinches off a 
spray transfer droplet 
and propels it toward 
the weldment. The 
background current 
maintains the arc, but 
is too low for metal 
transfer to occur. 

Pulsing can lower heat input to levels 
associated with short circuit transfer, yet 
it provides benefits associated with spray 
transfer. For example, pulsed welding a 
1/8 in. thick section of aluminum with a 
3/64 in. diameter wire requires an average 
of 140 amps. In this program, a 90 amp 
background current eliminates worries 
about bum through or warping, while a 
350 amp pulse of peak current provides 
good penetration and wet out. As with 
spray transfer, pulsing produces little to 
no spatter or porosity; like short circuit 
transfer, it works well in thinner gauge 
and out-of-position applications. 

As a financial incentive, consider that 
non-pulsed welding 1/8 in. aluminum 
typically calls for .035 in. wire, which lists 

for $5.16/lb. 
Now compare 
this to the 3/64 
in. wire in the 
pulsed example 
above; it lists 
for $4.85/1b. 

U n r e t o u c h e d  p h o t o  o f  Standardizing 
p u l s e d  M I G  w e l d  b e a d  on larger 

Q: Can pulsed MIG boost productivity? 
A. For certain applications, absolutely. 
Compared to short circuit or spray transfer, 
pulsed MIG often permits using a larger 
diameter wire and~or faster wire feed speeds 
without adding excess heat. This increases 
travel speed and~or deposition rates. For 
example, one fabricator welding lap joints on 
thin gauge aluminum increased travel speed 
from 105 to 144 in./min, after switching to 
pulsed MIG. 

Q: Does pulsed Mlfi create cleaner looking 
welds than spray transfer?. 
A. Yes, in aluminum with high magnesium 
content, such as the 5000 series. The higher 
current and arc temperatures of  spray transfer 
vaporize the magnesium, causing a gray film 
to form on the weld surface, especially at 
the toes. Pulsed MIG, with its lower average 
current, reduces the amount o f  vaporization. 
As a secondary benefit, it also reduces 
fume generation. 

Q: Why switch to pulsed MIG for aluminum? 
A. Many shops switch for greater control 
and to obtain a highly uniform bead. With 
pulsed MIG, the weM puddle cools 
between pulses and freezes faster. This 
provides operators with better directional 
control over the weld bead. Also, the puddle 
is less likely to sag or look excessively convex 
when welding out-of-position. In fact, bead 
appearance can approach that of  TIG (see 
photo). Shops TIG welding aluminum thicker 
than 1/8 in. might consider pulsed MIG as 
a way to increase ou~out while satisfying 
appearance and quality control demands. 
Also, pulse welding avoids lack of  fusion 
which can occur with the colder short 
circuiting transfer. 

Shedding 
light on 
aluminum 
welding 
issues 

diameter wire, and using that single wire 
for a wide variety of thicknesses, is a 
common benefit of the pulsed process. 

Equipment for Pulsing 

Unfortunately, many aluminum 
fabricators hesitate to adopt pulsed MIG. 
Concerns about equipment complexity, 
operator comfort and purchase price 
typically hold them back. Miller's new 
Invision '~ 354 MP and Invision 456 
however, overcome such concerns. 

These power 
sources feature 
built-in programs 
for 4000 and 
5000 series 
aluminum wire. 
To begin weld- 
ing, select the 
program that 
matches your 

! ° 

'i I 
i _ _ _  v _ _ _v_ . . . . . .  

Time 
A. PMk I~lrlent 
B. Bac~r0~nd Currmlt 
r: Pulse Widlh 
D, Puln~ Per Secomd 

Fig .  1 Pulsed MID w a v e  f o r m  

wire size and type. After that, they set up 
like a conventional MIG system: pick a 
wire feed speed and turn the trim control 
to find the correct arc length. You never 
have to modify pulsing parameters to 
maintain good welding conditions for 
different wire speeds or trim settings. 
Using this system, operators feel very 
comfortable switching to pulsed MIG 
because it's "familia~.' 

The Invision 354 and 456 MP provide 
optimized performance with Miller's 
standard wire feed systems for MIG 
welding aluminum, such as the XR ~ 
feeder and XR-Edge ~ with gooseneck 
gun. You do not need a programmable 
feeder or pulsing pendant. For more 
information and a free technical article 
on Pulsed MIG, call 1-800-4-A-MILLER 
(1-800-426-4553) or visit our website 
at www.MillerWelds.com 

(~2 2000 Mi l le r  Electric Mfg. Co. All Il l inois Tool Works Company ~ by  M W r r  ~ ~ Co. 

wmM, M i l ~ c o m  
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Proven Under FIRE 
Needs less maintenance 
than all Class 2 electrodes. 

Now available in a 
variety of male and 
female versions. 

Patented mechanical 
lock holds GlidCop 
core firmly in place. 

Won't stick to galvanized 
or coated steels. 

Iii 

Zirconium Copper outer 
shell (C15000)is oxygen- 
free and resistant to 
mushrooming. 

Less mushrooming and 
longer life than Class 2 
electrodes because copper 
matrix is harder than a 
full-body GlidCop cap. 

Requires fewer amps when 
used on both sides of the 
weldment, reducing welder 
heat control by 10%. 

SEE US AT AWS SHOW BOOTH 1255 

FRICTION WELDING Products 807 
Genesis Systems Group 1658 

ATI Industrial Automation 2137 Impact Engineering, Inc. 1955 
British Federal-North America 273 Intelligent Monitoring Systems, 
Lockheed Martin Michoud LLC 1970 

Space Systems 2329 Jetline Engineering, Inc. 1402 
Machine Tools.corn 1361 K & K Welding Products, Inc. 1432 
Panasonic Factory Automation 1464  Kawasaki Robotics (USA), Inc. 1482 
Pandjiris, Inc. 1813 Liburdi Dimetrics 1157 
Robotic Accessories Div., Lincoln Electric Co., The 1439 

Process Equipment Co. 1941 Magnatech Ltd. Partnership 2212 
Weldmatic Inc. 1864 MECHAFIN AG 943 

Miller Electric Mfg. Co. 1606 
GAS CONTROL EQUIPMENT MK Products, Inc. 1452 

Morgan Advanced Ceramics 2409 
Controls Corp. of America 1928 Motoman Inc. 1858 

OxoWelding Equipment Co. 1612 
GMAW AUTOMATIC PAC*MIG, Inc. 2060 

Panasonic Factory Automation 1464 
ABB Flexible Automation, Welding Pandjiris, Inc. 1813 

Systems Div. 2012 Parweld Ltd. 109 
ABICOR Binzel 1064 PCI Energy Services 874 
Air Products & Chemicals, Inc. 1619 Praxair, Inc. 1245 
Airgas 1118 Profax 1235 
American Torch Tip Co. 439 Robotic Accessories Div., Process 
American Weldquip, Inc. 1258 Equipment Co. 1941 
AMET Inc. 952 Semtorq, Inc. 346 
Arc-Zone.corn 2245 Stork-Herron Testing Laboratories 
Bernard, A Div. of DovaTech, Inc. 2125 

Ltd. 1428 Taylor-Winfield Corp. 1848 
Cebora S.p.A. 941 Tecnar Automation Ltd 966 
Clogs Robotic Welding, Inc. 231 Thermadyne Holdings 1416 
DAIHEN, Inc. 2201 Thermal Arc, A Thermadyne Co.1416 
Dovatech, Ltd. 1428 Tregaskiss Ltd. 1265 
ESAB Welding & Cutting Tweco/Arcair, A Thermadyne 

Co. 1416 

Circle No. 103 on Reader Info-Card 

United ProArc Corp. 1671 
Weartech Int'l, Inc. 643 
Weld Systems Int'l Inc. 1835 
Weldline Automation, Inc. 817 

GMAW GUNS 

Arc-Zone.corn 2245 
K & K Welding Products, Inc. 1432 
OxoWelding Equipment Co. 1612 

GMAW MANUAL 

ABICOR Binzel 1064 
Air Products & Chemicals, Inc. 1619 
Airgas 1118 
American Torch Tip Co. 439 
American Weldquip, Inc. 1258 
Arc-Zone.com 2245 
Bernard, A Div. of DovaTech, 

Ltd. 1428 
Cebora S.p.A. 941 
Clogs Robotic Welding, Inc. 231 
COOPTIM Ltd. 866 
DAIHEN, Inc. 2201 
Dovatech, Ltd. 1428 
Elderfield & Hall, Inc. 303 
ESAB Welding & Cutting 

Products 807 
Hobart Welding Equipment 1606 
K & K Welding Products, Inc. 1432 
Lincoln Electric Co., The 1439 
MECHAFIN AG 943 
Miller Electric Mfg. Co. 1606 
MK Products, Inc. 1452 

Morgan Advanced Ceramics 2409 
MQ Power Inc., Div. of 

MultiQuip 1682 
Nasco Inc. 2222 
OxoWelding Equipment Co. 1612 
PAC*MIG, Inc. 2060 
Panasonic Factory Automation 1464 
Pandjiris, Inc. 1813 
Parweld Ltd. 109 
PCI Energy Services 874 
Praxair, Inc. 1245 
Profax 1235 
Robotic Accessories Div., Process 

Equipment Co. 1941 
Stork-Herron Testing Laboratories 

Inc. 2125 
Systematics, Inc. 1846 
Tatras, Inc. (d.b.a. Thermacut) 960 
Thermadyne Holdings 1416 
Thermal Arc, A Therrnadyne 0o.1416 
Trafimet USA, Inc. 405 
Tregaskiss Ltd. 1265 
Tweco/Arcair, A 

Thermadyne Co. 1416 
WNI 1612 
Yeeda Int'l Co. 662 

GMAW PERFORMANCE 
PARTS 

Arc-Zone.com 2245 

GMAW PORTABLE 

Ready Welder Corp. 2354 

98  I APRIL  2 0 0 0  



Tou / 

, 

~ L 

pickup 

'% 

I:~,=s=gned wlt..h a reverc~bJe.CU~lng ver, silver brazed jo|nts and brass construction, our prod~ 
o o o ~ . .  , * , .  ' . L ' " "  " "  

take hit af ter  hit--JlJl ~1; tO come b~¢k for  more. Backed by a LIFETIME Warranty, these durable 
solutions of fer  you a ~olid investrr~nt in precision cutting. To learn more, drop what you're d( 
and call I "8OO"843--791r2. We'll~ ~,endJyou a / F R E E  product.¢a~a . l~ . for the eff--o~. 

'~ ~" 4I l l  A W f l ~ l £ b  C o ~ p m m y  

='* /~ i  . . ~ I " ,  Toll Free 1-800~3-7942 www.srnithequipment.corn 
h, J~  

SEE US AT AWS SHOW BOOTH 1612 Circle No. 1 2 4  on R e a d e r  I n f o - C a r d  

/ 

GMAW ROBOTIC GTAW TORCHES MIM Industries, Inc., A Brother Panasonic Factory Automation 1464 
Co. 1822 Praxair Surface Technologies, 

American Weldquip, Inc. 1258 Arc-Zone.com 2246 Miyachi 928 Inc. 1245 
Atlas-Raisen L.L.C. 868 MK Products, Inc. 1452 Praxair, Inc. 1245 

GMAW ROBOTIC TORCHES Beijing Advanced Metal Materials Panasonic Factory Automation 1464 Robotic Accessories Div., Process 
Co., Ltd. 2154 PCI Energy Services 874 Equipment Co. 1941 

Arc-7one.com 2245 C-K Worldwide Inc. 1616 Praxair Surface Technologies, Rofin-Sinar Inc. 1635 
CNI-Ceramic Nozzles, Inc. 1925 Inc. 1245 Sciaky, Inc. 2219 

GMAW WELDING ARM O/1t Parweld Ltd. 109 Praxair, Inc. 1245 Taylor-Wharton Gas Equipment 
WORKSTATION Tec Torch 1852 Stel Inverters, Inc. 932 Div. 110 

Weldtec 1852 Stellar Industries 554 Trumpf Inc. 1622 
Henning Hansen Inc. 2448 Techniweld Alloys & Welding Trumpf Inc. - Laser Technology 

IMPORTER Supplies 2173 Center 1622 
GMAW WIRE DEREELERS Thermadyne Holdings 1416 Vacuum Atmospheres Co. 2424 

Atlas-Raisen L.L.C. 868 Thermal Arc, A Thermadyne Co.1416 Wentgate Dynaweld, Inc. 2264 
Accra-Wire Controls, Inc. 2032 TRW Nelson Div. 1152 
AccuData, Inc. 2032 INVERTER POWER United ProArc Corp. 1671 MF INVERTERS 

SUPPLY/ARC WELD 
GTAW AUTOMATIC LASER BEAM WELDING Bosch Automation Technology 1679 

Air Products & Chemicals, Inc.1619 
Dovatech, Ltd. 1428 Airgas 1118 American Torch Tip Co. 439 MICRO PLASMA 
Weldcraft, A Div. of DovaTech, Arcon Welding L.L.C. 452 Anval, Inc. 1768 

Ltd. 1428 ArcOne 846 Controls Corp. of America 1928 Eldertield & Hall, Inc. 303 
Cebora S.p.A. 941 Convergent Energy 2152 

GTAW MANUAL Computer Weld Technology, FANUC Robotics North America, MICRO GTAW 
Inc. 1358 Inc. 1639 

Dovatech, Ltd. 1428 DAIHEN, Inc. 2201 Genesis Systems Group 1658 Elderfield & Hall, Inc. 303 
Weldcraft, A Div. of DovaTech, Elderfield & Hall, Inc. 303 GSI Lumonics 306 

Ltd. 1428 ESAB Welding & Cutting LAI Companies 1728 MONITORING 
Products 807 Lasag Industrial-Lasers 401 

KWlC (Korea Welding Industry Laser Machining, Inc. 1628 Kistler Instrument Corp. 2066 
GTAW PERFORMANCE PARTS Cooperative) 355 Laser Mechanisms, Inc. 1865 

Liburdi Dimetrics 1157 M.Braun, Inc. 1946 ORBITAL WELDING 
Arc-Zone.com 2245 Lincoln Electric Co., The 1439 Motoman Inc. 1858 

Miller Electric Mfg. Co. 1606 MVE, Inc. 1816 Foremost Machinery Corp. 1765 
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FormdrilI-Div. of Foremost 
Machinery 1866 

Magnatech Ltd. Partnership 2212 

OTHER WELDING 
EQUIPMENT 

Accra-Wire Controls, Inc. 2032 
AccuData, Inc. 2032 
Affinity Industries Inc. 2428 
Applied Robotics Inc. 843 
Arc-Zone.corn 2245 
Atlas-Raisen L.L.C. 868 
Bonal Technologies, Inc. 622 

Bosch Automation Technology 1679 
C-K Worldwide Inc. 1616 
CNI-Ceramic Nozzles, Inc. 1925 
Computer Weld Technology, 

Inc. 1358 
Controls Corp. of America 1928 
Dovatech, Ltd. 1428 
Elderfield & Hall, Inc. 303 
Erico Inc. 1943 
Expert Components Inc. 239 
FHP Elmotor AB 943 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
Frimar SAS 1764 

Gullco Int'l, Inc. 1135 
Henning Hansen Inc. 2448 
Hornell Speedglas, Inc. 447 
Impact Engineering, inc. 1955 
Impulse System 

Technology, Inc. 433 
IPR-RAS Welding 2420 
Jesco Industries Inc. 510 
Kistler Instrument Corp. 2066 
Laser Mechanisms, Inc. 1865 
M.Braun, Inc. 1946 
MECHAFIN AG 943 
MIM Industries, Inc., A Brother 

Co. 1822 
MK Products, Inc. 1452 

WE'RE 
THE 
OTHER 

The Best Eye Protection In iSight 
/ 

With over 30 years ~ 
experience, you can 
depend on Mack for top quality, 
American-made Welding Lenses and 
Protective Eyewear. We meet SEI, ANSI and international standards. 
Ask about our unique products including gold and silver coated filter 
lenses, magnifying lenses, protective cover lenses and more. 

0xoWelding Equipment Co. 1612 
Parweld Ltd. 109 
PHI 543 
Pulsar Ltd. 1974 
Robotic Accessories Div., Process 

Equipment Co. 1941 
Servo-Robot Inc. 2064 
Stillwater Technologies, Inc. 836 
TDC Filter Mfg., Inc. 2143 
Tec Torch 1852 
Tecnomatix Technologies, Inc. 2412 
TOCCO, Inc. 2004 
Trumpf Inc. 1622 
Walter Schnorrer ApS Welding 

Equipment 131 
Weldcoa (Welding Co. of 

America) 1132 
Weldcraft, A Div. of DovaTech, 

Ltd. 1428 
Weldtec 1852 

OXYACETYLENE WELDING 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
American Torch Tip Co. 439 
Arcsmith 1612 
Controls Corp. of America 1928 
ESAB Welding & Cutting 

Products 807 
Flame Technologies, Inc. 2052 
Generico 674 
Genweld 674 
Goss Inc. 1716 
IBEDA Supertlash Gas Safety 

Equipment 2174 
Kayo Products Co., Ltd. 1964 
Lincoln Electric Co., The 1439 
Nasco Inc. 2222 
NTT 1612 
Praxair, Inc. 1245 
Rankin Industries, Inc. 1355 
SALD-FLUX srl 2423 
Smith Equipment 1612 
Stellite Coatings 764 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Uniweld Products, Inc. 1024 
Victor Equipment Co., A 
Thermadyne Co. 1416 
Weldmark 2253 

PIPE WELDING 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
American Engineering 

& Welding 775 
American Torch Tip Co. 439 
Arc Machines, Inc. 416 
Arc-Zone.corn 2245 
Controls Corp. of America 1928 
Convergent Energy 2152 
Cypress Welding 

Equipment Inc. 1141 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
Exel Design Co. 408 
FANUC Robotics North America, 

Inc. 1639 
Flange Wizard Tools 2252 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
Jetline Engineering, Inc. 1402 
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Panametdcs, Inc / Toll Free:~p00.225:8330 
221 CrescentStrl pt Phone: 7~1.899.2719 
Waltham MA D24 ~ . ~  Fax: 78~.899.1552 

Epoch III Flaw Detector 

- As simple as you want it to be yet a versatile as you 
need t t  to be-  

The Epoch III is a lightweight digital ultrasonic flaw 
detector with an internal datalogger. Its wide range 
of practical standard features has extensivr'~ 

!~ ultrasonic testing problem solving capabilities. :: 
: Versatility is added by a host of _~lication specific 

options that make this compact~nit a unique flaw 
detector. .-- 

NEWEST EPOCH Iil FealtJres: 

You#~choice o.f=ELD or LCD Displays .: 

;L' ~The new ~ i d  Crystal Display offers cutting e~e 
~~-~ brightnai~ with optimum viewing of the wavefo~qn 

trac~:=l~-om direct sunlight to complete darkne~, 
,lJtfino ioss°offunctionality. 

; / ~ Peak Hold [ption: Allows onscreonwaveforr~ 
i~ comp~ifisorl of.live echo with reference echo. G~" osted 

frozen waveformbehJnd live waveform permi~.~ 
i comp~son with previous or reference wavef~ms. 

Floeti0_q Gate Option." Automaticallyvaries ~Gate  
I.#vel.-6dB~-12dB or.gated backwall ech~esults 
}h consistency oredge-depth thickness me a~rements~ 

. by  making readiogs ~ the same relative a~itude. ~ 

°DI]S/AVG (Oistan~ Gain Sizing): Perm ts-~ch0 
signals tObe e v~atedusing a digital D G~/AVG;~ =_ 
diagram;-ass~,~i th a particular tYpe~of probe~.;"-,~ 
and material. L~e DGS/AVG diagram ~ho~s the 7 ~ 
relationship between echo heiljttt~;-fiaw size, and 

Paname~'~ct-ttas developed dedicated=spotweld----~.. 
softwat~ with tW0-innovative fe~rturesf ~: .... 

1) WELD OVERLAY allows on~[ee~mparison of a,.2 
- __ f~e waveform to any of three user-lrogran!med ÷ 

~~a'ence waveforms. ~ :-. --.-- -: 

i~) STAMPING allows, stored weld dat~tO ~tabefed 
:: ~--..:-"Good", "Undersized", er-"Stick". ~ ::, 

Circle N°' 109 °n R e a ~ d e ~  ard / 
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SHAPE-CUTTING MOTION CONTROL 

m 

F~Sm~ 88765~,n~ c~c 

/ 

~50t]5 erie 
~5273 ¢~¢ 
555Q1c~ 

N o  O t h e r  
   Based Shape-Cut t ing  

o n t r o l  Touc i ies  I t  

+ 

< ~ o _  

ag~3 
~ g 

N 

The new BURNY ~ I 0 Shape-Cutting Motion 
Control proves "All PC-based shape-cutting controls 
are not created equal." Designed specifically for 
new cutting machinery or as a retrofit-- and for 
applications using oxyfuel, plasma, water jet, laser, 
or a router--BURNY I 0 has capabilities that the 
others simply cannot touch: 

f The first PC-Based Shape-Cutting 
control with open architecture 

and Windo~ NT~-based motion control 
software--providing superior motion control 
and the ultimate in multitasking. 

The first shape-cutting control to 
incorporate RCS++ ® (Real ~me 

Control System)--for the most precise, predictable 
real-time motion control available, and the most 
dynamic shape-cutting and contouring possible. 

The ultimate in network and 
Internet connectivity--for maximum 

flexibility and remote accessibility, from virtually 
anywhere in the world. 

f The most user-friendly touch-screen 
display yet--with a large and bright 

15" (380ram) CRT HMI (Human Machine Interface). 

f The fastest shape-cutting control 
yet, incorporating a 266 MHz 

Pentium®ll Processor. 

~ Best of all itg a BURN~ The industry 
leader in shape-cutting, BURNY ~ 

Controls are recognized around the world for 
maximizing productivity and minimizing costs. 
Expect functionality, reliability, and ease-of-use. 

Although no other control touches it, you can 
get your hands on BURNY I 0 today. It~ the future 
of shape-cutting productivity. Contact us today 
and find out the details. 

Burny Products 
World Headquarters 
7550 Hub Parkway 
Cleveland, OH 44125 USA 
Tel: (800) 308-3399 Fax: (216) 642-2199 
Visit Us: www.burny.com 

~ Improving Productivity 
Worldwide 

Circle No. 32 on Reader Info-Card 
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Kistler Machines Co. 557 
Liburdi Dimetrics 1157 
Lincoln Electric Co., The 1439 
M.Braun, Inc. 1946 
Machine Tools.cam 1361 
Magnatech Ltd. Partnership 2212 
MK Products, Inc. 1452 
Oxo Welding Equipment Co. 1612 
Panasonic Factory Automation 1464 
Pandjiris, Inc. 1813 
PCI Energy Services 874 
Ransome Co. 1241 
Stork-Herron Testing 

Laboratories Inc. 2125 
Tecnar Automation Ltd. 966 
United ProArc Corp. 1671 
Walhonde Tools Inc. 2320 
Weldline Automation, Inc. 817 
Weld-Motion Inc. 118 

PLASMA ARC WELDING 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
American Torch Tip Co. 439 
Arc-Zone.cam 2245 
Bug-O Systems Equipment 1139 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
FANUC Robotics North America, 

Inc. 1639 
Genesis Systems Group 1658 
Jetline Engineering, Inc. 1402 
K & K Welding Products, Inc. 1432 
Liburdi Dimetrics 1157 
Lockheed Martin Michoud 

Space Systems 2329 
M.Braun, Inc. 1946 
Machine Tools.cam 1361 
Morgan Advanced Ceramics 2409 
Motoman Inc. 1858 
Panasonic Factory Automation 1464 
Pandjiris, Inc. 1813 
PCI Energy Services 874 
Praxair, Inc. 1245 
Precision Welding Technologies, 

Inc. 667 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Sciaky, Inc. 2219 
Semtorq, Inc. 346 
Stellar Industries 554 
Stellite Coatings 764 
Tatras, Inc. (d.b.a. Thermacut) 960 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Thermal Arc, A Thermadyne Co.1416 
Trafimet USA, Inc. 405 
United ProArc Corp. 1671 
Vacuum Atmospheres Co. 2424 
Weldline Automation, Inc. 817 

PLASTIC WELDING 
EQUIPMENT 

Convergent Energy 2152 
Flange Wizard Tools 2252 
Machine Tools.cam 1361 

POSITIONERS, 
MANIPULATORS 

ABB Flexible Automation, Welding 
Systems Div. 2012 

Air Products & Chemicals, Inc. 1619 

Airgas 1118 Pandjiris, Inc. 1813 
Atlas Welding Accessories, Inc. 734 PCl Energy Services 874 
Bear Paw Magnetic Tools Inc. 1801  Preston-Eastin, Inc. 1479 
Bore Repair Systems Inc. 2135 Robotic Accessories Div., Process 
Bug-O Systems Equipment 1139 Equipment Co. 1941 
DAIHEN, Inc. 2201 Techniwelcl Alloys & Welding 
ESAB Welding & Cutting Supplies 2173 

Products 807 United ProArc Corp. 1671 
Expert Components Inc. 239 Weldline Automation, Inc. 817 
Genesis Systems Group 1658 Weld-Motion Inc. 118 
Gullco Int'l, Inc. 1135 
IPR-RAS Welding 2420 POWER SUPPLIES GMAW 
Jancy Engineering Co. 1485 
Jetline Engineering, Inc. 1402 Air Products & Chemicals, Inc.1619 
Kistler Machines Co. 557 Airgas 1118 
MK Products, Inc. 1452 Arcon Welding L.L.C. 452 
Panasonic Factory Automation 1464 ArcOne 846 

Arctech Welding Electrodes & 
Wires Ind. Inc. 2210 

Cebora S.p.A. 941 
Cloos Robotic Welding, Inc. 231 
Computer Weld Technology, 

Inc. 1358 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
Elderfield & Hall, Inc. 303 
ESAB Welding & Cutting 

Products 807 
Hobart Welding Equipment 1606 
Intelligent Monitoring Systems, 

LLC 1970 
KWlC (Korea Welding Industry 

Cooperative) 355 
Liburdi Dimetrics 1157 

FU 
BREATHE E4MER WITH EUROFItTER 
Z! 

With more than 40 years' experience in the design and manufacture of 
filter products, you con count on Champion to have the right cartridge for your 
weld fume control application and to get it to you fast...every time. 

• Large inventory of popular models 
• All Eurofilter USA cartridges are designed to meet or exceed 

all application requirements. 
• Wide selection of styles and medias including cellulose, 

spun bond, and cellulose/poly bit ' - -  
• Cartridges can be custom designed 

built to virtually any specification. 
• Euroloc TM pleating technique ensure'. 

maximum utilization of media. 

- • - ~ =  

Champion Laboratories, Inc. 
Get  m o r e  out  o f  your  e q u i p m e n t .  

To learn more about Eurofilter USA cartridges, give us a call. 
Phone: 800-851-4490 * Fax: 618-445-5496 

Website: www.champlabs.com 

Z 

SEE US AT AWS SHOW BOOTH 1571 
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Lincoln Electric Co., The 1439 
Magnatech Ltd. Partnership 2212 
Miller Electric Mfg. Co. 1606 
MK Products, Inc. 1452 
MQ Power Inc., Div. of 

MultiQuip 1682 
Panasonic Factory Automation 1464 
PCI Energy Services 874 
Praxair, Inc. 1245 
Profax 1235 
Reis Robotics/ESAB 1207 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Stork-Herron Testing Laboratories 

Inc. 2125 
Systematics, Inc. 1846 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 
Weldmark 2253 

POWER SUPPLIES GTAW 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Arc Machines, Inc. 416 
Arcon Welding L.L.C. 452 
ArcOne 846 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Cebora S.p.A. 941 
Cloos Robotic Welding, Inc. 231 
CNI-Ceramic Nozzles, Inc. 1925 
Computer Weld Technology, 

Inc. 1358 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
Elderfield & Hall, Inc. 303 
ESAB Welding & Cutting 

Products 807 
Exel Design Co. 408 
Hobart Welding Equipment 1606 
Intelligent Monitoring Systems, 

LLC 1970 
Liburdi Dimetrics 1157 
Lincoln Electric Co., The 1439 
Magnatech Ltd. Partnership 2212 
Miller Electric Mfg. Co. 1606 
MK Products, Inc. 1452 
MQ Power Inc., Div. of 

MultiQuip 1682 
Panasonic Factory Automation 1464 
PCI Energy Services 874 
Praxair, Inc. 1245 
Precision Welding Technologies, 

Inc. 667 
Reis Robotics/ESAB 1207 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Stork-Herron Testing 

Laboratories Inc. 2125 
Swagelok Co. 582 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 
United ProArc Corp. 1671 

POWER SUPPLIES SAW 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
ArcOne 846 

Arctech Welding Electrodes & 
Wires Ind. Inc. 2210 

DALEX-WERKE Niepenberg 
GmbH & Co.KG 832 

ESAB Welding & Cutting 
Products 807 

Lincoln Electric Co., The 1439 
Miller Electric Mfg. Co. 1606 
MQ Power Inc., Div. of 

MultiQuip 1682 
Panasonic Factory Automation 1464 
Praxair, Inc. 1245 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 

POWER SUPPLIES SMAW 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Arcon Welding L.L.C. 452 
ArcOne 846 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Cebora S.p.A. 941 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
ESAB Welding & Cutting 

Products 807 
Hobart Welding Equipment 1606 
Intelligent Monitoring Systems, 

LLC 1970 
Lincoln Electric Co., The 1439 
Miller Electric Mfg. Co. 1606 
MQ Power Inc., Div. of 

MultiQuip 1682 
Panasonic Factory Automation 1464 
PCI Energy Services 874 
Praxair, Inc. 1245 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Stork-Herron Testing Laboratories 

Inc. 2125 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 
United ProArc Corp. 1671 

POWER TOOLS 

Trumpf Inc. 1622 

PROCEDURE & 
PERFORMANCE QUAL. 

Stork-Herron Testing Laboratories 
Inc. 2125 

PAW 

Anval, Inc. 1768 

PURGE GAS EQUIPMENT 

Walter Schnorrer ApS Welding 
Equipment 131 

QUICK CONNECTORS 

IBEDA Superflash Gas Safety 
Equipment 2174 

RESISTANCE SOLDERING 

Reed Mfg. Co., Inc. 521 

RESISTANCE WELDING & 
CONTROLS 

Airgas 1118 
Bosch Automation Technology 1679 
British Federal-North America 273 
Centerline (Windsor) Ltd. 936 
Contract Fusion Inc. 228 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
Dengensha America Corp. 2132 
DO-Ceram Engineered Ceramics 

Co. Ltd. 343 
Electrode Dressers, Inc. 443 
Electro-Max Mfg. Co. 930 
Entron Controls, Inc. 445 
Expert Components Inc. 239 
Frommelt Machine Guarding 

Products 241 
Impulse System 

Technology, Inc. 433 
Machine Tools.com 1361 
MIM Industries, Inc., 

A Brother Co. 1822 
Miyachi 928 
Morgan Advanced Ceramics 2409 
Panasonic Factory Automation 1464 
Resistance Welding 

Products Ltd. 342 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Roman Mfg. Inc. 441 
Sciaky, Inc. 2219 
Semtorq, Inc. 346 
Stillwater Technologies, Inc. 836 
Taylor-Winfield Corp. 1848 
Unitrol Electronics, Inc. 341 
Universal Flow Monitors, Inc. 2032 

RESISTANCE WELDING 
COMPONENTS 

CMW Inc. 139 

RESISTANCE WELDING GUNS 

Stillwater Technologies, Inc. 836 

RESISTANCE WELDING 
TRANSFORMERS 

Roman Mfg. Inc. 441 

ROBOT TORCHES-AIR & 
WATER COOLED 

Mechafin AG 943 

ROBOTIC NOZZLE 
CLEANING STATIONS 

American Weldquip, Inc. 1258 

ROBOTIC PERIPHERALS 

Arc-Zone.corn 2245 

ROBOTIC WELDING 
END-EFFECTORS 

Robotic Accessories Div., Process 
Equipment Co. 1941 

ROBOTS ARC WELDING 

ABB Flexible Automation, Welding 

Systems Div. 2012 
ABICOR Binzel 1064 
American Torch Tip Co. 439 
Applied Robotics Inc. 843 
ARC Specialties 1767 
ATI Industrial Automation 2137 
Bore Repair Systems Inc. 2135 
Bug-O Systems Equipment 1139 
Cloos Robotic Welding, Inc. 231 
DAIHEN, Inc. 2201 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
FANUC Robotics North America, 

Inc. 1639 
Frommelt Machine Guarding 

Products 241 
Genesis Systems Group 1658 
Intelligent Monitoring Systems, 

LLC 1970 
Kawasaki Robotics (USA), Inc. 1482 
Liburdi Dimetrics 1157 
Lincoln Electric Co., The 1439 
Machine Toots.com 1361 
MIM Industries, Inc., A Brother 

Co. 1822 
Motoman Inc. 1858 
Panasonic Factory Automation 1464 
PCI Energy Services 874 
Reis Robotics/ESAB 1207 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Servo-Robot Inc. 2064 
Stellite Coatings 764 
Taylor-Winfield Corp. 1848 
Tecnar Automation Ltd. 966 
Thermadyne Holdings 1416 
Tweco/Arcair, A Thermadyne 

Co. 1416 
Weld-Motion Inc. 118 

ROBOTS RESISTANCE 

Applied Robotics Inc. 843 
British Federal-North America 273 
Expert Components Inc. 239 
FANUC Robotics North America, 

Inc. 1639 
Frommelt Machine Guarding 

Products 241 
Genesis Systems Group 1658 
IPR-RAS Welding 2420 
Machine Tools.corn 1361 
MIM Industries, Inc., A Brother 

Co. 1822 
Motoman Inc. 1858 
Panasonic Factory Automation 1464 
Reis Robotics/ESAB 1207 
Roman Mfg. Inc. 441 
Taylor-Winfield Corp. 1848 

SEAM WELDING INVERTERS 

Bosch Automation Technology 1679 

SOLDERING 

AACCO 2068 
Arcsmith 1612 
BMS, Inc. 601 
Engelhard Corp. 2231 
ESAB Welding & Cutting 

Products 807 
Flame Technologies, Inc. 2052 
Gas Technology Energy 

Concepts, LLC 225 
Generico 674 
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Genweld 674 
High Purity Gas Co. 601 
Machine Tools.corn 1361 
Nasco Inc. 2222 
NTr 1612 
Panasonic Factory Automation 1464 
Pillar/Cycle-Dyne 731 
Reed Mfg. Co., Inc. 521 
SALD-FLUX srl 2423 
Smith Equipment 1612 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
TOCCO, Inc. 2004 
Victor Equipment Co., A 

Thermadyne Co. 1416 

SPOT WELDING & CONTROLS 

ATI Industrial Automation 2137 
Bosch Automation Technology 1679 
British Federal-North America 273 
Cebora S.p.A. 941 
Centerline (Windsor) Ltd. 936 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
Dengensha America Corp. 2132 
Electrode Dressers, Inc. 443 
Entron Controls, Inc. 445 
Expert Components Inc. 239 
FANUC Robotics North America, 

Inc. 1639 
GBC-America 406 
IPR-RAS Welding 2420 
Lenco 1235 
Machine Tools.com 1361 
Milweld, Inc. 630 
Miyachi 928 
Panasonic Factory Automation 1464 
Resistance Welding 

Products Ltd. 342 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Roman Mfg. Inc. 441 
Sciaky, Inc. 2219 
Semtorq, Inc. 346 
Taylor-Winfield Corp. 1848 
Tec Torch 1852 
Unitrol Electronics, Inc. 341 
Weldtec 1852 

STRUCTURAL BEAM 
FABRICATION SYS 

PHI 543 

STUD WELDING & 
CONTROLS 

Applied Robotics Inc. 843 
Arcon Welding L.L.C. 452 
ATI Industrial Automation 2137 
British Federal-North America 273 
Centerline (Windsor) Ltd. 936 
Contract Fusion Inc. 228 
Dengensha America Corp. 2132 
FANUC Robotics North America, 

Inc. 1639 
GBC-America 406 
Machine Tools.corn 1361 
OBO Bettermann 1052 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Taylor-Winfield Corp. 1848 
TRW Nelson Div. 1152 

W H Y  U S E  A D E D I C A T E D  T U N t , ~  ~ E N  G R I N D E R ?  
SAFETY Enclosed grinding area captures Tungsten dust for easy disposal. 

WELD QUA3J[I'Y 20 Ra surface finish improves Tungsten life, arc starting, 
arc stability and produces consistent weld penetration. 

P I O D U C I I V n ~  Correctly and consistently Diamond grind your Tungsten 
Electrode longitudinally, in less than 30 seconds. 

V/klLI~ The PIRANHA II Diamond grinds, flats and notches your 
Tungsten economically. 

D I A M O N D  G R O U N D  P R O D U C T S ~  
2550 Azurite Circle Newbury Park, California 91320 

Phone (805) 498-3837 • FAX (805) 498-9347 
Email: sa les@diamondground .com • Website: www.d i amondground . com 
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SUBMERGED ARC 
(AUTOMATIC) 

Airgas 1118 
American Torch Tip Co. 439 
Bug-O Systems Equipment 1139 
ESAB Welding & Cutting 

Products 807 
Gullco Int'l, Inc. 1135 
Jetline Engineering, Inc. 1402 
Kistler Machines Co. 557 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
Pandjiris, Inc. 1813 
PHI 543 
Praxair, Inc. 1245 
Profax 1235 
Ransome Co. 1241 
Taylor-Winfield Corp. 1848 
Techniweld Alloys & Welding 

Supplies 2173 
Unibraze Corp. 1965 
United ProArc Corp. 1671 
Weldline Automation, Inc. 817 
Weld-Motion Inc. 118 

SUBMERGED ARC (MANUAL) 

Airgas 1118 
American Torch Tip Co. 439 
Lincoln Electric Co., The 1439 
Machine Tools.com 1361 
Miller Electric Mfg. Co. 1606 

Praxair, Inc. 1245 Robotic Accessories Div., 
Profax 1235 Process Equipment Co. 1941 
Unibraze Corp. 1965 
Weldline Automation, Inc. 817 UNDERWATER WELDING 
Weld-Motion Inc. 118 EQUIPMENT 

THERMAL SPRAYING Oxylance Corp. 1911 

Airgas 1118 VERTICAL AUTOMATIC 
American Torch Tip Co. 439 WELDING 
Anval, Inc. 1768 
8MS, Inc. 601 Bug-O Systems Equipment 1139 
BTU Contracts, Inc. 954 Gullco Int'l, Inc. 1135 
Devasco Int'l, Inc. 458 Jetline Engineering, Inc. 1402 
ESAB Welding & Cutting Kistler Machines Co. 557 

Products 807 Lincoln Electric Co., The 1439 
FANUC Robotics North America, Machine Tools.corn 1361 

Inc. 1639 Magnatech Ltd. Partnership 2212 
High Purity Gas Co. 601 MIM Industries, Inc., A Brother 
PCI Energy Services 874 Co. 1822 
Praxair Surface Technologies, OGI/PSU 1988 

Inc. 1245 Pandjiris, Inc. 1813 
Rankin Industries, Inc. 1355 PCl Energy Services 874 
Stellite Coatings 764 Ransome Co. 1241 
Stoody, A Thermadyne Co. 1 4 1 6  Servo-Robot Inc. 2064 
Thermadyne Holdings 1416 Taylor-Winfield Corp. 1848 
White Engineering Surfaces United ProArc Corp. 1671 

Corp. 2142 Weld Systems Int'l Inc. 1835 
Whitestone Corp. 2131 Weldline Automation, Inc. 817 

Weld-Motion Inc. 118 
ULTRASONIC WELDING 

WELD CONDITIONING 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 Bonal Technologies, Inc. 622 
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WELD EQUIPMENT 
EHARDFACING/SURFACING 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Anval, Inc. 1768 
Bore Repair Systems Inc. 2135 
BTU Contracts, Inc. 954 
Convergent Energy 2152 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Lincoln Electric Co., The 1439 

Machine Tools.com 1361 
Magnatech Ltd. Partnership 2212 
OxoWelding Equipment Co. 1612 
Panasonic Factory Automation 1464 
Pandjiris, Inc. 1813 
PCI Energy Services 874 
Praxair Surface Technologies, 

Inc. 1245 
Rankin Industries, Inc. 1355 
Ransome Co. 1241 
Stellite Coatings 764 
Stoody A, Thermadyne Co. 1416 
Taylor-Winfield Corp. 1848 
Techniweld Alloys & Welding 

Supplies 2173 

Z~ 

W er C led 
Mig Gun 

4OOAIRPS 
10o  Du,y Cyc/s 

IW 

Tbermadyne Holdings 1416 
Unibraze Corp. 1965 
Weartech Int'l, Inc. 643 
Weldline Automation, Inc. 817 
Whitestone Corp. 2131 

WELD GANTRIES 

Gullco Int'l, Inc. 1135 

WELD INSPECTION 
SYSTEMS 

Servo-Robot Inc. 2064 

~:;~ ~ i~,i ¸ 

WELD JOINT TRACKING 
SYSTEMS 

ABB Flexible Automation, 
Welding Systems Div. 2012 

Airgas 1118 
Bug-O Systems Equipment 1139 
Computer Weld Technology, 

Inc. 1358 
DAIHEN, Inc. 2201 
FANUC Robotics North America, 

Inc. 1639 
Gullco Int'l, Inc. 1135 
Jetline Engineering, Inc. 1402 
Kawasaki Robotics (USA), Inc. 1482 
PCI Energy Services 874 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Servo-Robot Inc. 2064 
Tecnar Automation Ltd. 966 
TWl 2061 
Weld Systems Int'l Inc. 1835 
Weldline Automation, Inc. 817 

WELD NUT FEEDERS 

Dengensha America Corp. 2132 

WELD SEAMERS 

Airgas 1118 
DAIHEN, Inc. 2201 
Jetline Engineering, Inc. 1402 
Kistler Machines Co. 557 
Pandjiris, Inc. 1813 
PHI 543 
Taylor-Winfield Corp. 1848 
United ProArc Corp. 1671 
Weld Systems Int'l Inc. 1835 
Weldline Automation, Inc. 817 

WELD SENSORS 

ABB Flexible Automation, Welding 
Systems Div. 2012 

AccuData, Inc. 2032 
AMET Inc. 952 
DAIHEN, Inc. 2201 
Gullco Int'l, Inc. 1135 
Impact Engineering, Inc. 1955 
Intelligent Monitoring Systems, 

LLC 1970 
Jetline Engineering, Inc. 1402 
Kistler Instrument Corp. 2066 
Motoman Inc. 1858 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Servo-Robot Inc. 2064 
Taylor-Winfield Corp. 1848 
Tecnar Automation Ltd. 966 
Universal Flow Monitors, Inc. 2032 
Weldline Automation, Inc. 817 

WELDING ACCESSORIES 

Euro-Tool 103 

WELDING CELLS 

IPR-RAS Welding 2420 

WELDING ENCLOSURES 

Vacuum Atmospheres Co. 2424 

SEE US AT AWS SHOW BOOTH 1452 
1 8 6  [ APRIL  2 0 0 0  
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Y o u  WANT OUR FLEXA 

To o o  W H A T ?  
Provide +_O.OO3" repeatability... 

in toug#to.reacb spots 

welding  the mos t  compl ica ted  parts . . .  

using coord ina ted  we ld  mo t ion . . .  

wi th  high-speed travel  be tween  welds. . .  

a n d  y o u  w a n t  it  a t  a n  af fordable  cost 

uritb del ivery  ASAP? 

That's all standard with FlexArc ® Robotic Arc Welding 
Cells. And installation is no sweat, either. You can be up and 
running within hours after your palletized system arrives. 

You want a choice of cell sizes and options? Again, don't 
sweat it. Our FlexArc family ranges from cells with one weld 
table to systems with dual-station, multi-axis positioners. 
And since they're all standard production solutions, you 
don't have to wait while they're specially designed. The 
many options include power supplies, exclusive BullsEye ® 

SEE US AT AWS SHOW BOOTH 2012 

cuauenges wun no swea~. ~a~ ~o~L~z-~ / ~  ~ ~oo~ ) 
or visit our website: www.abb.com/us~ ~ ~--~'J 
ABB Flexible Automation, Welding System Division, 
4600 Innovations Drive, Fort Collins, CO 80525 

l i  II II 
Itllll 

Circle No. 1 on Reader Info-Card 

WELDING EQPT/SUPP 
DISTRIBUTOR 

Arc-Zone.com 2245 

WELDING EQUIPMENT 

Pip CO 336 

WELDING OSCILLATION 

Bug-0 Systems Equipment 1139 
Computer Weld Technology, 

Inc. 1358 
DAIHEN, Inc. 2201 
Frommelt Machine Guarding 

Products 241 
Gullco Int'l, Inc. 1135 
Jetline Engineering, Inc. 1402 
Kistler Machines Co. 557 
Liburdi Dimetrics 1157 
Lincoln Electric Co., The 1439 
Machine Tools.com 1361 
Magnatech Ltd. Partnership 2212 
PCI Energy Services 874 
Servo-Robot Inc. 2064 
Taylor-Winfield Corp. 1848 
United ProArc Corp. 1671 
Weld Systems Int'l Inc. 1835 
Weldline Automation, Inc. 817 

WIRE FEEDERS 

COOPTIM Ltd. 866 

FHP Elmotor AB 943 
MECHAFIN AG 943 
Oxo Welding Equipment Co. 1612 

INDUSTRIAL- 
GASES -RELATED 
EQUIPMENT 

AIR QUALITY CONTROL 

TDC Filter Mfg., Inc. 2143 

ASSIST AND SHIELD GAS 
METERS 

Universal Flow Monitors, Inc. 2032 

BI -BRAZE-TRANSITION 
JOINTS 

CVI 1802 

BLENDERS 

Acme Cryogenics, Inc. 2430 

CO 2 SPECIAL 
APPLICATIONS EQUIP 

Tomco Equipment Co. 1031 

CRYOGENIC GASES 

Air Products & Chemicals, Inc. 1619 
Cryogenic Industries/ACD 972 
CTR, Inc. 116 
CVI 1802 
MVE, Inc. 1816 
Thermadyne Holdings 1416 
Tomco Equipment Co. 1031 
Victor Equipment Co., A 

Thermadyne Co. 1416 

CRYOGENIC PUMPS 

Cryostar U.S.A. 236 

CUSTOMER STATION 
COMPONENTS 

CTR, Inc. 116 

CYLINDER ACCESSORIES 

American Cap Co. Inc. 2101 

CYLINDER BLASTERS 

LS Industries 1901 
CYLINDER BLASTERS & 
WASHERS 

Viking Corp. 2030 

CYLINDER COATINGS 

0KI Int'l, Div. of OKI Bering 1773 
Techniweld Alloys & Welding 

Supplies 2173 
Watson Coatings, Inc. 2057 

CYLINDER FILLING PLANTS 

CTR, Inc. 116 

CYLINDER GAS VALVES 

Young Oo Ind. Co., Ltd. 102 

CYLINDER TRUCK BODIES 

H & H Sales Co., Inc., d/b/a H & H 
Equipment Co. 1493 

CYLINDER VALVES 

Ceodeux, Inc. 658 
Iwatani Int'l Corp. of America 1685 

FITTINGS 

Western Enterprises 1839 
FLASHBACK ARRESTOR 

Controls Corp. of America 1928 
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Quick, Rugged 
On-Site Measurement 

Of Ferrite Content 
Ideal for Constructional Steels, V 
Austenitic Stainless Steels and D~ 

Looking for a fast and precise solution 
ferrite content on-site? The Feritscope is t 
choice for thousands of users worldwide 
better than ever! 

• Plug in type Smart Probe. 
• Battery or AC powered. 
• Non-destructive measurement in range 

of 0-80% Fe or 0-120 WRC number. 
• Large, easy-to-read LCD display. 
• Multiple application memories. 
• Statistical evaluation. 
• RS232 interface. 

For more information, call today. 

1 - 8 0 0 - 2 4 3 - 8 4 1 7  

We Accept Major Credit Cards 

Circle No. 61 on R e a d e r  I n f o - C a r d  

FUEL GASES 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
BMS, Inc. 601 
BTU Contracts, Inc. g54 
Controls Corp. of America 1928 
ESAB Welding & Cutting 

Products 807 
Gas Technology Energy 

Concepts, LLC 225 
High Purity Gas Co. 601 
Praxair, Inc. 1245 
Taylor-Wharton Gas Equipment 

Div. 110 
rechniweld Alloys & Welding 

Supplies 2173 

GAS ANALYSIS & CONTROL 
(02) 
Neutronics Inc. 774 

GAS ANALYZERS 

COW-MAC Instrument Co. 859 

GAS COMPRESSORS 

Weldship Corp. 428 

GAS CYL-HANDLING 
EQUIPMENT 

Acme Cryogenics, Inc. 2430 

Air Products & Chemicals, Inc.1619 
Ceodeux, Inc. 658 
Controls Corp. of America 1928 
CTR, Inc. 116 
Del Liftgates, Inc. 1493 
FIBA Technologies, Inc. 542 
GasTech Products, Inc. 867 
COW-MAC Instrument Co. 859 
H & H Sales Co., Inc., d/b/a 

H & H Equipment Co. 1493 
High Purity Gas Co. 601 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Reis Robotics/ESAB 1207 
Saf-T-Cart 1044 
Thermadyne Holdings 1416 
Tomco Equipment Co. 1031 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weldcoa (Welding Co. of 

America) 1132 

GAS CYLINDERS 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
America Fortune Co. 2003 
BMS, Inc. 601 
Chosun Steel Wire Co. 964 
FIBA Technologies, Inc. 542 
Gas Technology Energy 

Concepts, LLC 225 
General Cylinders Corp. 760 
High Purity Gas Co. 601 
MVE, Inc. 1816 
Norris Cylinder Co. 1473 

OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Taylor-Wharton Gas Equipment 

Div. 110 
Techniweld Alloys & Welding 

Supplies 2173 
TUV America 2313 
Weldship Corp. 428 
Western Enterprises 183g 
Worthington Cylinder Corp. 2352 

GAS GENERATING 
EQUIPMENT 

Air Products & Chemicals, Inc. 1619 
BTU Contracts, Inc. 954 
Eurosider SAS 2144 
Praxair, Inc. 1245 
Thermadyne Holdings 1416 
Victor Equipment Co., A 

Thermadyne Co. 1416 

GAS MIXERS 

Thermco Instrument Corp. 1034 

GAS REGULATORS/ 
CONTROLS 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Alphatex Co. 2059 
Arcsmith 1612 
BMS, Inc. 601 
BTU Contracts, Inc. 954 
Ceodeux, Inc. 658 

Controls Corp. of America 1928 
ESAB Welding & Cutting 

Products 807 
Generico 674 
Genweld 674 
Goss Inc. 1716 
High Purity Gas Co. 601 
IBEDA Superflash Gas Safety 

Equipment 2174 
Iwatani Int'l Corp. of America 1685 
Lincoln Electric Co., The 1439 
Nasco Inc. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
Smith Equipment 1612 
Taylor-Wharton Gas Equipment 

Div. 110 
Thermadyne Holdings 1416 
Universal Flow Monitors, Inc. 2032 
Uniweld Products, Inc. 1024 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weldmark 2253 
Western Enterprises 1839 

HIGH PRESSURE 
CRYOGENIC PUMPS 

CVI 1802 

HOSE & FITTINGS 

Unisource Mfg. Inc. 2422 

HOSE REELS 

Weldreel Inc. 2130 

ISO CONTAINERS 

Weldship Corp. 428 

LABEL REMOVAL 

Watson Coatings, Inc, 2057 

MANIFOLDS 

Acme Cryogenics, Inc. 2430 

OTHER GAS -RELATED 
EQUIPMENT 

Acme Cryogenics, Inc. 2430 
American Cap Co. Inc. 2101 
BMS, Inc. 601 
Ceodeux, Inc. 658 
Controls Corp. of America 1928 
Cryogenic Industries/ACD 972 
CVI 1802 
H & H Sales Co., Inc., d/b/a 

H & H Equipment Co. 1493 
IBEDA Superflash Gas Safety 

Equipment 2174 
LS Industries 1901 
MVE, Inc. 1816 
Seal Seat Co. 1843 
Specialty Gas Concepts Co. 601 
Taylor-Wharton Gas Equipment 

Div. 110 
TDC Filter Mfg., Inc. 2143 
Thermco Instrument Corp. 1034 
Tomco Equipment Co. 1031 
TUV America 2313 
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equipment a ound worl¢ 
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'Within , U.S.A 
~Through the IDC gas~s and 
~elding group of distributors. " ~  

Wfthin Canada. 
ThOrough MAP CANADA LTD 

Made by Soldadoras Industriales Infra. An Infra Group Division. 
For information, ask your local Comparc Distributor or \ 

make a collect call to Mexico City: 
Phone (525) 357 1586, 358 9281, Fax (525) 576 2358. 
From USA call toll free: 1-888-487-58-85 
Within Canada call toll free: 1-800- 757-4445, 1-877-214-9965. 
e-mail: siisa@mpsnet.com.mx 
web site: www.comparc.com.mx 



"X" MARKS THE SPOT! 

OXO Brand's steel monocoil power cables 
deliver "X"ceptional feedability and 

"X"tended gun life. 

That's because OXO designs industrial welding guns for Maximum 
Durability and Minimum Downtime. Our steel monocoil power cables 
eliminate kinks and pinch-points so welding wire and shielding gas 
can flow smoothly through the gun. 

Our new line of heavy-duty workhorse guns also come with fully- 
jacketed liners for better gas flow, Quik heavy-duty screw-on-nozzles, 
heavy armor gun tubes, and the patented Quik ~p contact tip and 
diffuser system for fast, easy tip changes and longer tip life. 

To learn more about OXO and why our welding guns should have a 
permanent "spot" in your shop, 
call 888-OXO-GUNS. 

• NEW heavy-duty 400 amp gun, 100% 
duty cycle (C02 gas) 

• Lightweight - 10.3 lb. for complete 
15' gun 

• 360 ° swivel neck for out-of-position 
welding 

• Maximum wire size 5/64" 

• 500 amps, 100% duty cycle (002 gas) 
• Lightweight- 12.8 lb. for complete 

15' gun 
• 360 ° swivel neck for out-of-position 

welding 
• Maximum wire size 1/8" 

I : ' ] 

SEE US AT AWS SHOW BOOTH 1612 • 600 amps, 100% duty cycle (002 gas) 
• Lightweight- 14.5 lb. for complete 

15' gun 
• 360 ° swivel neck for out-of-position 

welding 
• Maximum wire size 1/8" 

OXO Welding Equipment Company 
701 West Water Street, Troy, OH 45373 USA 

Telephone: 937-332-4312 Toll-free USA: 888-696-4867 
OXO and Piecemaker Brand Welding Guns and Torches 

Sold by Circle No. 108  on Reader  Info-Card 

Arcsmith 
An Illinois Tool Works Company 

S M I T H  ~ ....... ~ ~ .  EGUmMENT Ca *~=~ .~,~ NATIONAL TORCH TIP 
~ A ~ A L  



Unisource Mfg. Inc. 2422 
Universal Flow Monitors, Inc. 2032 
Viking Corp. 2030 
Watson Coatings, Inc. 2057 
Weldcoa (Welding Co. of 

America) 1132 
Weldship Corp. 428 
Western Enterprises 1839 

QUALIFICATION OF GAS 
CYLINDERS 

TUV America 2313 

QUICK RELEASE COUPLERS 

Arc-Zone.com 2245 

REPLACEMENT PARTS 

Seal Seat Co. 1843 

SHIELDING GASES 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
American 

Engineering & Welding 775 
BTU Contracts, Inc. 954 
Controls Corp. of America 1928 
Intelligent Monitoring Systems, 

LLC 1970 
M.Braun, Inc. 1946 
Praxair, Inc. 1245 
Taylor-Wharton Gas Equipment 

Div. 110 

STORAGE & DISTRIBUTION 

Your Single Source 
For  Pract ica l  High Q u a l i t y  E lect rodes ,  Wires 

and Fluxes. Ideal  f o r  Today's  Fabr ica t ion  
M a i n t e n a n c e  and R e p a i r  A p p l i c a t i o n s  

Mild Steel, Cast Iron, High Nickel, Stainless Steel, 
Dissimilar Metals, Heat Resistant and 

Corrosion Resistant Alloys, 
Copper and Copper-Based Alloys, 

Solder and Solder Brazing, 
Tool Steels and More 

BOHLER THYSSEN SOUDOKAY UTP. 

C a l l  1 - 8 0 0 - 5 2 7 - 0 7 9 1  o r  
V i s i t  O u r  W e b s i t e  w w w . b t w u s a . c o m  

B&hler Thyssen Welding USA, Inc. 
P.O. Box 721678 • Houston,Texas 77272-1678 USA 

B6hlerThyssen Welding Canada, LTD. 
22 LePage Court • Downsview, ON M3J IZ9 

SEE US AT AWS SHOW BOOTH 2006 Circ le No. 19 on Reader Info-Card 

EQUIPMENT 

Acme Cryogenics, Inc. 2430 
Air Products & Chemicals, Inc. 1619 
Airgas 1118 
BMS, Inc. 601 
Controls Corp. of America 1928 
Cryogenic Industries/ACD 972 
CTR, Inc. 116 
FIBA Technologies, Inc. 542 
GasTech Products, Inc. 867 
H & H Sales Co., Inc., d/b/a 

H & H Equipment Co. 1493 
High Purity Gas Co. 601 
MVE, Inc. 1816 
Praxair, Inc. 1245 
Saf-T-Cart 1044 
Superior Products, Inc. 864 
Taylor-Wharton Gas Equipment 

Div. 110 
Thermadyne Holdings 1416 
Tomco Equipment Co. 1031 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weldcoa (Welding Co. of 

America) 1132 
Weldship Corp. 428 
Western Enterprises 1839 

TRADE MAGAZINE 

Cryogas Int'l 822 

TUBE TRAILERS 

Weldship Corp. 428 

VACUUM JACKETED PIPE Carborundum Abrasives North Stork-Herron Testing Laboratories 
America 513 Inc. 2125 

Acme Cryogenics, Inc. 2430 CGW Abrasive Mfg. USA 2336 Techniweld Alloys & Welding 
Chosun Steel Wire Co. 964 Supplies 2173 

VACUUM JACKETED Continental Abrasives 2414 Tyrolit North America Inc. 2216 
PIPING & VALVES Dynabrade, Inc. 716 Uni-Hydro, Inc. 475 

Falcon Abrasive Mfg., Inc. 337 United Abrasives Inc. 1232 
CVI 1802 FEMI S.R.L. 1854 Viking Corp. 2030 

Flexovit USA, Inc. 761 Walter, Inc., J. 524 
VALVES & FII"I'INGS Frommelt Machine Guarding Weiler Corp. 501 

Products 241 Wbeelabrator - BCP 1217 
Swagelok Co. 582 Garryson, Inc. 968 

H & B Distributors 1130 AIR CLEANERS/FUME 
VALVES FOR INDUSTRIAL Harris Welco Div. of J.W. H a r r i s  COLLECTORS 
GASES Co. 1332 

Inweld Corp. 1841 Ace Industrial Products 424 
Vrl (USA), Inc. 2070 Iwatani Int'l Corp. of America 1685 Air Products & Chemicals, Inc.1619 

Jepson Power Tools 101 Airflow Systems, Inc. 264 
WELDING Klingspor Abrasives, Inc. 2309 Airgas 1118 

LS Industries 1901 Bernard, A Div. of DovaTech, 
A C C E S S O R I E S  & Machine Tools.corn 1361 Ltd. 1428 
ALLIED Merit Abrasive Products, Inc. 646 Champion Laboratories, Inc. 1571 

Metabo Corp. 713 DCE, Inc. 654 
PRODUCTS Nasco Inc. 2222 Oovatech, Ltd. 1428 

Natweld-Hi Alloy Corp. 1841 Eurofilter USA 1571 
ABRASIVE BELT GRINDERS Norton Co. 1047 Harris Welco Div. of J.W. 

0KI Int'l, Div. of 0KI Bering 1773 Harris Co. 1332 
Burr King Mfg. Co. Inc. 1782 Osborn Int'l 2039 Kemper USA, Inc. 2439 

Pangborn Corp. 267 Lincoln Electric Co., The 1439 
ABRASIVE PRODUCTS Pearl Abrasive Co. 610 Machine Tools.com 1361 

Pferd, Inc. 1271 Micro Air by Metal-Feb Inc. 1061 
Abmast Abrasives Corp. 348 Rex-Cut Products, Inc. 552 Nederman, Inc. 919 
Air Products & Chemicals, Inc. 1619  Robinson Technical Products Nikro Industries Inc. 2345 
Airgas 1118 Midwest 434 Plymovent Corp. 128 
Anderson Products 728 Segro Colonial Abrasives 1874 Robotic Accessories Div., 
Atlas Welding Accessories, Inc. 734 Sparky Abrasives 2056 Process Equipment Co. 1941 
Burr King Mfg. Co. Inc. 1782 Stellite Coatings 764 Scientific Dust Collectors 661 
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The marks withstand weathering and heat; they won't chip, peel, 
fade, or rub off. 

The markers are available in both an unbreakable plastic bottle and 
the standard metal tube. They are available in three point sizes and 
12 bright, lead-free, high gloss colors. 
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C i r c l e  No.  7 4  on R e a d e r  I n f o - C a r d  

TDC Filter Mfg., Inc. 2143 Techniweld Alloys & Welding 
Techniweld Alloys & Welding Supplies 2173 

Supplies 2173 Thermadyne Holdings 1416 
Torit Products-Donaldson Co. 2020  Tregaskiss Ltd. 1265 
Trion, Inc. 922 Tweco/Arcair, A Thermadyne 
United Air Specialists, Inc. 805 Co. 1416 
Vantage 1571 Weld Mold Co. 2436 

Weld-Aid Products 752 
ANALYTICAL TESTING Weldmark 2253 

York Sales Co. 2042 
Stork-Herron Testing Laboratories 

Inc. 2125 BACKING MATERIALS 

ANTI -SPATI'ER COMPOUNDS American Engineering & 
Welding 775 

Aervoe-Pacific Co., Inc. 2022 Atlas Welding Accessories, Inc. 734 
Air Products & Chemicals, Inc. 1619 Atlas-Raisen L.L.C. 868 
Atlas Welding Accessories, Inc. 734 Beijing Advanced Metal Materials 
Dynaflux, Inc. 823 Co., Ltd. 2154 
ESAB Welding & Cutting Cerbaco Ltd. 2122 

Products 807 Chosun Steel Wire Co. 964 
Harris Welco, Div. of J.W. ESAB Welding & Cutting 

Harris Co. 1332 Prod ucts 807 
Intercon Enterprises, Inc. 1070 Gullco Int'l, Inc. 1135 
Inweld Corp. 1841 Harris Welco, Div. of J.W. 
James Morton Inc. 1311 Harris Co. 1332 
K & K Welding Products, Inc. 1432 Hitco Carbon Composites, Inc. 711 
Lenco 1235 Imperial Weld Ring Corp. 541 
Lincoln Electric Co., The 1439 Intercon Enterprises, Inc. 1070 
MachineTools.com 1361 Morgan Advanced Ceramics 2409 
Nasco Inc. 2222 Solar Flux 1867 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1 7 7 3  BACKUP FLUX 
Osborn Int'l 2039 
Robinson Technical Products Solar Flux 1867 

Midwest 434 

MUL T/FUME CA D DIE 
Mobile mechanical filter 

C ( @ The working environment 
..... ~ ~ ~"p ~ ,  "~,, filter, MultiFumeCaddie ~ 
~d=. ~,". t"~'~,~83 o~ . . . . .  Tel ~.~1 417 0808 F~ ~732~ 4 7 8 8 ~ The t rade eMroch~l hirer that fulhls tile requirements ~r a ~tter or~ 
~,~ ply'movent.com info@ p[ym~nt.com ~, .~fer working environmenf during normal wddlng and lighter grinding 

~ o  U =  A f ' t |  / ~ - - A  i ' ~  " '~ applicahons. A rab~t and n~iabh~ filter equipped wi~ main~mance 
K ~  I--Jr l V I q ~ #  W" J ~ I  V I J ~  "~  fme reFlacemerd fil*sr cost, et~ for cl~ning ~lding [vme ond 

. . . . .  cm¢~n~J ~ ~ lighile grinding dust C a l l  D i r e c t  8 0 0 - 8 4 4 - 0 B l l  

\ i 
C i r c l e  No.  1 1 4  on R e a d e r  I n f o - C a r d  

BEVELING MACHINES Arc-Zone.com 2245 
Atlas Welding Accessories, Inc. 734 

Gullco Int'l, Inc. 1135 Beijing Advanced Metal 
Materials Co., Ltd. 2154 

BONDED ABRASIVES Bradford Derustit Corp. 617 
Chemclean Corp. 203 

Abreast Abrasives Corp. 348 Dynaflux, Inc. 823 
Harris Welco Div. of J.W. 

BOOTHS & BENCHES Harris Co. 1332 
Inweld Corp. 1841 

Ace Industrial Products 424 ITW Dykem/Dymon 2103 
Airflow Systems, Inc. 264 James Morton Inc. 1311 
Atlas Welding Accessories, Inc. 734 La-Co Industries, Inc./Markal 
Elderfield & Hall, Inc. 303 Co. 1116 
MicroAirby MetaI-Fab Inc. 1061 Lenco 1235 
United Air Specialists, Inc. 805 Nasco Inc. 2222 
Vantage 1571 Natweld-Hi Alloy Corp. 1841 
Weldsale Co. 901 OKI Int'l, Div. of OKI Bering 1773 
Wilson Industries, Inc. 1736 Solar Flux 1867 
WireCrafters Inc. 2314 Techniweld Alloys & Welding 

Supplies 2173 
CABLE REELS Thermadyne Holdings 1416 

Tweco/Arcair, A Thermadyne 
Weldreel Inc. 2130 Co. 1416 

Walter, Inc., J. 524 
CERAMIC NOZZLES Weldmark 2253 

Winter Inc. & Co., F.W. 352 
Atlas-Raisen L.L.C. 868 

CERAMICAL WELDING 
CENTERING PINS 

DO-Ceram Engineered 
Ceramics Co. Ltd. 

CHEMICAL PRODUCTS 
343 

Aervoe-Pacific Co., Inc. 2022 

CHILLERS & HEAT 
EXCHANGERS 

Affinity Industries Inc. 2428 

CLAMPS 

Gross Stabil Corp. 506 
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CLAMPS,CONNECTORS, Mathey Dearman 1535 CONTROL CABLES ELECTRODE GRINDERS 
LUGS, FITTING Monroe Engineering Products, 

Inc. 564 Elocab Tailor-Made Cables 216 American Weldquip, Inc. 1258 
Airgas 1118 Nasco Inc. 2222 
Alphatex Co. 2059 Natweld-Hi Alloy Corp. 1841 COOLANT FLOW SENSORS ELECTRODE HOLDERS 
American Engineering & Oetiker, Inc. 614 

Welding 775 OKI Int'l, Div. of OKI Bering 1 7 7 3  Arc-Zone.corn 2245 ABICOR Binzel 1064 
Arc-Zone.corn 2245 Pandjiris, Inc. 1813 Air Products & Chemicals, Inc.1619 
Atlas Welding Accessories, Inc. 734 Pip CO 336 COOLING SYSTEM ADDITIVES Alphatex Co. 2059 
Atlas-Raisen L.L.C. 868 Robinson Technical Products Arc-Zone.corn 2245 
Beijing Metals & Minerals Midwest 434 Arc-Zone.corn 2245 Atlas Welding Accessories, Inc. 734 

Import & Export Corp 2362 Sumner Mfg. Co., Inc. 1211 Atlas-Raisen Li.C. 868 
Bernard, A Div. of DovaTecb, Superior Products, Inc. 864 CRANES-JIB & GANTRY Beijing Metals & Minerals 

Ltd. 1428 Techniweld Alloys & Welding Import & Export Corp. 2362 
C.H. Symington & Co., Inc. 549 Supplies 2173 Spanco, Inc. 222 Bernard, A Div. of DovaTech, 
Caldwell Group, The 544 Thermadyne Holdings 1416 LTD. 1428 
China National Wujin Mahang Tweco/Arcair, A Thermadyne CUSTOM CABLES British Federal-North America 273 

Welding & Cutting Plant 647 Co. 1416 C.H. Symington & Co., Inc. 549 
Grouse-Hinds Molded Products 362 United ProArc Corp. 1671 Centerline (Windsor) Ltd. 936 
De-Sta-Co Industries 1532 Uniweld Products, Inc. 1024 Elocab Tailor-Made Cables 216 China National Wujin Mahang 
Dovatech, Ltd. 1428 Victor Equipment Co., A Welding & Cutting Plant 647 
Dynaflux, Inc. 823 Thermadyne Co. 1416 CUSTOMIZED EQUIPMENT Dovatech, Ltd. 1428 
GBC-America 406 Walhonde Tools Inc. 2320 Dynaflux, Inc. 823 
Generico 674 Washington Alloy Co. 861 MIM Industries, Inc., A 
GenusTech 2262 Weldmark 2253 Brother Co. 1822 ESAB Welding & Cutting Products 807 
Genweld 674 Western Enterprises 1839 Generico 674 
Harris Welco Div. of J.W. Harris Wilton Tool Group 1036 DIAMOND BLADES Genweld 674 

Co. 1332 Yeeda Int'l Co. 662 Harris Welco Div. of J.W. 
Intercon Enterprises, Inc. 1070 Abmast Abrasives Corp. 348 Harris Co. 1332 
Inweld Corp. 1841 CLAMPS, UNIVERSAL Inweld Corp. 1841 
IPR-RAS Welding 2420 DUST EXTRACTORS Jackson Products, Inc. 1407 
Jackson Products, Inc. 1407 Good Hand, Inc. 413 Kayo Products Co., Ltd. 1964 
James Morton Inc. 1311 Klimawent-Centre of Ventilation Lenco 1235 
K & K Welding Products, Inc. 1432 COATED ABRASIVES Engineering 1382 Lincoln Electric Co., The 1439 
Lenco 1235 Mathey Dearman 1535 
Lincoln Electric Co., The 1439 Abmast Abrasives Corp. 348 Miyachi 928 
Machine Tools.corn 1361 Nasco Inc. 2222 
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Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Phoenix Int'l, Inc. 736 
Praxair, Inc. 1245 
Resistance 

Welding Products Ltd. 342 
Robinson Technical Products 

Midwest 434 
Stillwater Technologies, Inc. 836 
Taylor-Winfield Corp. 1848 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Tweco/Arcair, A Thermadyne 

Co. 1416 
Washington Alloy Co. 861 
Weldmark 2253 
Yeeda Int'l Co. 662 

FACE PROTECTORS/ 
HELMETS 

Air Products & Chemicals, Inc. 1619 
Alphatex Co. 2059 
ArcOne 846 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen LL.C. 868 
Beijing Advanced Metal 

Materials Co., Ltd. 2154 
Beijing Metals & Minerals 

Import & Export Corp 2362 
Chicago Protective Apparel 409 
Dalloz Safety (Willson/Bilsom) 421 
Generico 674 
Genweld 674 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hornell Speedglas, Inc. 447 
Inweld Corp. 1841 
Jackson Products, Inc. 1407 
Kayo Products Co., Ltd. 1964 
Kedman Co. - Huntsman 

Product Div. 1407 
Kromer Cap Co., Inc. 1831 
Lincoln Electric Co., The 1439 
Mack Products Co. 1771 
Morsafe 1407 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Otos Optical Co., Ltd. 531 
Robinson Technical Products 

Midwest 434 
Stork-Herron Testing 

Laboratories Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
Weldmark 2253 
Yeeda Int'l Co. 662 

FILTER LENS 

Mack Products Co. 1771 

FILTER-VENTILATION UNITS 

Klimawent-Centre of Ventilation 
Engineering 1382 

FILTERS 

TDC Filter Mfg., Inc. 2143 

FLOOR PRODUCTS 

Abreast Abrasives Corp. 348 

FLOW METERS 

Universal Flow Monitors, Inc. 2032 

FLUX RECOVERY EQUIPMENT 

Invincible Airflow Systems 1922 
Pandjiris, Inc. 1813 
Praxair, Inc. 1245 
Weld Engineering Co., Inc. 1835 
Weld Systems Int'l Inc. 1835 

GAS SAFETY EQUIIPMENT 

IBEDA Superflash Gas Safety 
Equipment 2174 

GMAW WIRE DEREELERS 

Accra-Wire Controls, Inc. 2032 
AccuData, Inc. 2032 

GTAW ACCESSORIES 

Arc-Zone.corn 2245 

GTAW NOZZLES 

Arc-Zone.corn 2245 
Tec Torch 1852 
Weldtec 1852 

GTAW POWER CABLES 

Arc-Zone.com 2245 
CNl-Ceramic Nozzles, Inc. 1925 

GTAW SPARE PARTS 

Arc-Zone.com 2245 

HEARING PROTECTION 

Howard Leight 1673 
Tec Torch 1852 
Weldtec 1852 

HI-HEAT PRODUCTS 

Gander Brands Inc. 464 

HOLD -DOWN CLAMPS 

Caldwell Group, The 544 

HTR MACHINE 

Dynaflux, Inc. 823 

LENS 

Dynaflux, Inc. 823 

LOCAL EXHAUSTS/ 
WELDING PROCESSES 

Klimawent-Centre of Ventilation 
Engineering 1382 

MANUFACTURER OF 
MANIFOLDS 

Superior Products, Inc. 864 

MARKERS 

Air Products & Chemicals, Inc. 1619 
Atlas Welding Accessories, Inc. 734 
Contour, Div. of Jackson 

Products 1407 
Flange Wizard Tools 2252 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
La-Co Industries, Inc./ 

Markal Co. 1116 
LAI Companies 1728 
Mark-Tex Corp. 718 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Nissen Co., J.P. 504 
OKI Int'l, Div. of OKI Bering 1773 
SKM Industries Inc. 555 
Tempil 1612 
TMC-Thermographic 

Measurements Co., LTD 1766 

MATERIAL HANDLING 
EQUIPMENT 

Alphatex Co. 2059 
Atlas Welding Accessories, Inc. 734 
Bear Paw Magnetic Tools Inc. 1801 
Caldwell Group, The 544 
Cooper Power Tools 635 
Del Liftgates, Inc. 1493 
Fork-Levator Inc. 1872 
Intercon Enterprises, Inc. 1070 
Mathey Dearman 1535 
Pandjiris, Inc. 1813 
Punch Press-The Metalworkers 

Market Place 556 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Sumner Mfg. Co., Inc. 1211 
United ProArc Corp. 1671 
Weldcoa (Welding Co. of 

America) 1132 
Weld-Motion Inc. 118 

METAL & ALLOY POWDER 

Winter Inc. & Co., F.W. 352 

METAL BITER 

Handi Disc/Bits 2209 

OTHER ALLIED PRODUCTS 

Accra-Wire Controls, Inc. 2032 
AccuData, Inc. 2032 
Affinity Industries Inc. 2428 
American Wetdquip, Inc. 1258 
Applied Robotics Inc. 843 
Atlas-Raisen L.L.C. 868 
Bernard, A Div. of DovaTech, 

Ltd. 1428 
Burr King Mfg. Co. Inc. 1782 
Ceodeux, Inc. 658 
CNI-Ceramic Nozzles, Inc. 1925 
COOPTIM Ltd. 866 
Dovatech, Ltd. 1428 
Electron Beam Technologies, 

Inc. 1122 
Environmental Air Solutions 509 
Hitco Carbon Composites, Inc. 711 
Howard Leight 1673 
Larco Sales Group 1174 
Mack Products Co. 1771 

MIM Industries, Inc., A 
Brother Co. 1822 

Moldex Metric Inc. 206 
P & R Specialty, Inc. 821 
Parweld Ltd. 109 
Procon Products 320 
S.COM.E.S. SRL 344 
Simaco ElettromeccanicaSRL 345 
Solar Flux 1867 
Spanco, Inc. 222 
Stillwater Technologies, Inc. 836 
Stork-Herron Testing 

Laboratories Inc. 2125 
Superior Products, Inc. 864 
Survivair 1673 
TDC Filter Mfg., Inc. 2143 
Universal Flow Monitors, Inc. 2032 
Uvex Safety 1673 
Weldmatic Inc. 1864 
Weldreel Inc. 2130 
Winter Inc. & Co., F.W. 352 

OVENS 

Air Products & Chemicals, Inc. 1619 
Atlas Welding Accessories, Inc. 734 
Beijing Advanced Metal 

Materials Co., Ltd. 2154 
Dynaflux, Inc. 823 
Frommelt Machine Guarding 

Products 241 
Gullco Int'l, Inc. 1135 
Inweld Corp. 1841 
M.Braun, Inc. 1946 
Mathey Dearman 1535 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Phoenix Int'l, Inc. 736 
Punch Press-The Metalworkers 

Market Place 556 
Robinson Technical Products 

Midwest 434 
Teehniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Tweco/Arcair A, Thermadyne 

Co. 1416 
Weld Engineering Co., Inc. 1835 

PLASMA ARC WELDING GUNS 

Parweld Ltd. 109 

PLATENS 

Bluco Corp. 1170 
Weldsale Co. 901 

PROCESS KITS 

Arc-Zone.corn 2245 

PROTECTIVE CABLE COVERS 

Arc-Zone.corn 2245 

PROTECTIVE CLOTHING 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Alphatex Co. 2059 
Atlas Welding Accessories, Inc. 734 
Auburn Mfg., Inc. 414 
Chicago Protective Apparel 409 
Dalloz Safety (Willson/Bilsom) 421 
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ExCELENE ® WELDING CABLE 
from SUPERIOR ESSEX 

PARE 
ExCELENE ® defies comparision. Our 

600 volt all-weather grade welding cable 
is rated at + 105°C to -50°C, and resists 
cold, heat, abrasion, sunlight, moisture, 
oil, ozone, and solvents. 

Made with ExCELENE ® jacketing 
compound, this standard stock welding 
cable gives you high flexibility without 
sacrificing weather resistance. A 
combination that means better 
performance at any location. 

And when you add enhanced dielectric 
strength to its list of properties, it's no 
wonder we invite you to compare the 
ExCELENE ® #30 AWG 600 volt welding 
cable to others. 

If your all-weather cable isn't 
making the grade, contact your nearest 
SUPERIOR ESSEX representative. See 
for yourself why ExCELENE ® welding 
cable is the #1 selling welding cable in 
the United States. 

~ T ~ S U P E R I O R  
E S S E X  

SUPERIOR ESSEX 
1601 Wall Street 
Fort Wayne, IN 46802 
(219)461-4000 

© Essex Group, Inc. 2000 



More TIG Electrodes Than Anybody Else. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IIIIll ...... 

Fifty-Eight 
Stzes. 

~ ' ~ O  

~ l X  
Formulations. 

One Standard Of 
Excellence. 

~ . . ~ , . . ]  . . . .  I ..... i ,__~i 7~,_ L,, _1 

Yesterday, Today, and Tomorrow. 
SEE US AT AWS SHOW BOOTH 1574 

O r d e r  G e n u i n e  
S Y L V A N I A  T I G s  
b y  C o l o r  C o d e  

TUNGSTEN LANTHANA 
ONE POINT FIVE ~ 

PURETUNG ® 
n n m m  

2% CERIA TUNGSTEN 

ZIRTUNG ® 
n m  

2% THORIATED TUNGSTEN 

10/0 THORIATED TUNGSTEN 

Ciro le  No. 106 on R e a d e r  I n f o - C a r d  

For over thirty years SYLVANIA 
has manufactured and sold 
more  TIG electrodes than any 
other manufacturer. 

During that t ime we~ce 
analyzed every lot for 
consistency, formulation, 
surface finish, and uniform 
particle size. 

So, you can rest assured that 
! the SYLVANIA TIG electrode 

you're using today will pe r fo rm 
exactly the same as the one 
you'll use tomorrow. 

O S W  

~YI .VANIA 



Darco Southern, Inc. 407 
ESAB Welding & Cutting 

Products 807 
Gander Brands Inc. 464 
Guard-Line, Inc. 2009 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
Kinco Int'l Inc. 2228 
Kromer Cap Co., Inc. 1831 
Lincoln Electric Co., The 1439 
N.L.F. Protective Products, Inc. 548 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Newtex Industries, Inc. 2348 
OKI Int'l, Div. of OKI Bering 1773 
Revco Industries, Inc.-Black 

Stallion 324 
Stanco Mfg., Inc. 339 
Steiner Industries 801 
Stork-Herron Testing Laboratories 

Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
Tiliman Co., John 316 
Weldas Co. 648 
Weldmark 2253 
Wilson Industries, Inc. 1736 

PROTECTIVE GLOVES 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
Alphatex Co. 2059 
America Fortune Co. 2003 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Auburn Mfg., Inc. 414 
Chicago Protective Apparel 409 
Darco Southern, Inc. 407 
ESAB Welding & Cutting 

Products 807 
Gander Brands Inc. 464 
Guard-Line, Inc. 2009 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
Kinco Int'l Inc. 2228 
Lincoln Electric Co., The 1439 
N.L.F. Protective Products, Inc. 548 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Newtex Industries, Inc. 2348 
OKI Int'l, Div. of OKI Bering 1773 
Revco Industries, Inc.-Black 

Stallion 324 
Stanco Mfg., Inc. 339 
Steiner Industries 801 
Stork-Herron Testing 

Laboratories Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
Tillman Co., John 316 
Weldas Co. 648 
Weldmark 2253 

PUMPS 

Arc-Zone.com 2245 
Procon Products 320 

PURGING EQUIPMENT 

American 
Engineering & Welding 775 

Arcsmith 1612 

CMS Gilbreth-Dissolvo 356 
Controls Corp. of America 1928 
Intercon Enterprises, Inc. 1070 
M.Braun, Inc. 1946 
Nasco Inc. 2222 
Precision Welding Technologies, 

Inc. 667 
Smith Equipment 1612 
Solar Flux 1867 
Universal Flow Monitors, Inc. 2032 
Vacuum Atmospheres Co. 2424 

QUICK-CHANGE GTAW RESISTANCE WELDING 
C O U P L E R S  CONSUMABLES/ACCESSORIES 

Arc-Zone.corn 2245 Stillwater Technologies, Inc. 836 

RECTIFIERS RESPIRATORS 

S.CO.M.E.S. SRL 344 Moldex Metric Inc. 206 
Survivair 1673 

RESIN FIBER DISCS 
RESPIRATORY PROTECTION 

Abmast Abrasives Corp. 348 
3M Occupational Health & 

Environmental Safety 2242 
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ROBOTIC INDEXING TABLES SCREENS, SHIELDS & Nasco Inc. 2222 
CURTAINS Nederman, Inc. 919 

Fork-Levator Inc. 1872 Newtex Industries, Inc. 2348 
Air Products & Chemicals, Inc.1619 OKI Int'l, Div. of OKI Bering 1773 

ROBOTIC TOOL CHANGING Airgas 1118 Revco Industries, Inc.-Black 
Atlas Welding Accessories, Inc. 734 Stallion 324 

Applied Robotics Inc. 843 Auburn Mfg., Inc. 414 Stanco Mfg., Inc. 339 
Chicago Protective Apparel 409 Steiner Industries 801 

SAFETY EYEWEAR Darco Southern, Inc. 407 Techniweld Alloys & Welding 
Frommelt Machine Guarding Supplies 2173 

Uvex Safety 1673 Products 241 Tillman Co., John 316 
Frommelt Safety Products 924 Weldline Automation, Inc. 817 

SAFETY PRODUCTS Gander Brands Inc. 464 Weldmark 2253 
Hitco Carbon Composites, Inc. 711 Wilson Industries, Inc. 1736 

Larco Sales Group 1174 King Bag & Mfg. Co. 743 WireCrafters Inc. 2314 
N.L.F. Protective Products, Inc. 548 

14 Reasons 
Why your next cutting machine 

should be a MYNUC from Koike Aronson 
When you're ready to make 

that big investment in your next 
full-size cutting machine, take a 
look at Koike Aronson, a global 
leader in thermal cutting. Our 
full-size MYNUC is one of the 
favorites in heavy fabricating 
around the world. Here's why. 

A choice of oxy-fuel or plasma 
beveling heads. Koike is the 

pioneer in infinite rotation for 
continuous beveling - 

a concept that 
speeds production. 
We automatically 
vlasma cut "V 

t~evels for stronger 
welded joints and oxy-fuel cut 
K bevels in one pass. 

0n-board fume extraction. 
, A great way to keep your ~ 

plant and machine clean, F-/',~ 
creating a better working f / / ~  
environment and pro- ! / / /  
longing machine life. _ ~ / J  
Our patented ex- ~..,.~/"~ 
tractor also elim- ~ " ~ j ~  
inates the need ~ 
for expensive downdraft  tables. 

Nearly unlimited gantry width, 
plus infinite length to meet 

any production requirements 

Large twin cross beam design 
maintains rigidity/stability 

with minimum deflection for 

the highest cutting accuracy 
over time. 

Large load carrying capacity 
rack and pinion drive - up to 

50 k g / m  rail. It's 
one of the largest 
racks available 
and provides infi- 
nite adjustment 
in all planes for 
straight and con- 
sistent rail alignment. 

6 14 HeavydutyFanuc 
- -  AC brushless drive 

• Low maintenance link design 

• Operator and controls ride 
with the machine 

* 8-axis Fanuc multiple process 
control controller 

• Koike high speed cutting tips 
• Initial height sensing 
• Crash ring protects against 

tip-ups and other obstructions. 
• Nationwide service 
* Positioning accuracy - 0.5mm 

over 6 meters. 
Put it all together and you 

have an unbeatable package - 
accuracy, reliability, utility, 
minimum maintenance with 
maximum uptime. It's a package 
only available in the MYNUC 
cutting machine, and it's only 
available from Koike Aronson. 

KOIKE ARONSON 
635 West Main Street, Arcade,  NY 14009 
1-800-252-5232,  www.koike.com, Fax 1-716-457-3517 

SHADE LENSES 

Beijing Advanced Metal Materials 
Co., Ltd. 2154 

SOAPSTONE HOLDERS 

Dynaflux, Inc. 823 

SPOOLS & REELS 

P & R Specialty, Inc. 821 

TEMPERATURE MEASURING 
INST. 

Atlas Welding Accessories, Inc. 734 
GBC-America 406 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
La-Co Industries, Inc./ 

Markal Co. 1116 
OKI Int'l, Div. of OKI Bering 1773 
Tempil 1612 
TMC-Thermographic 

Measurements Co., Ltd. 1766 

TIP CLEANERS 

Dynaflux, lnc. 823 

TIP DRILLS 

Dynaflux, Inc. 823 

TOOLS (MANUAL) 

Airgas 1118 
Alphatex Co. 2059 
American Engineering & 

Welding 775 
American Saw & Mfg. Co./ 

Lenox 854 
Anglo American Enterprises 

Corp. 1924 
Arc-Zone.com 2245 
Atlas Welding Accessories, Inc. 734 
Bear Paw Magnetic Tools Inc. 1801 
Bernard, A Div. of OovaTech, 

Ltd. 1428 
Contour, Div. of Jackson 

Products 1407 
Devatech, Ltd. 1428 
Dynabrade, Inc. 716 
Flange Wizard Tools 2252 
GBC-America 406 
Good Hand, Inc. 413 
Handi Disc/Bits 2209 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
James Morton Inc. 1311 
Jancy Engineering Co. 1485 
Lenox/American 

Saw & Mfg. Co. 854 
Mathey Dearman 1535 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Reed Mfg. Co., Inc. 521 
Stork-Herron Testing 

Laboratories Inc. 2125 
Sumner Mfg. Co., Inc. 1211 
Techniweld Alloys & Welding 

Supplies 2173 

Clrole No. 83 on Reader Info-Cerd 
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Walhonde Tools Inc. 2320 
Washington Alloy Co. 861 
Weldsale Co. 901 
Wilton Tool Group 1036 

TOOLS (POWER) 

Trumpf Inc. 1622 
Walter, Inc., J. 524 

TUBING 

Swagelok Co. 582 

Airgas 1118 TUNGSTEN GRINDERS 
Atlas Welding Accessories, Inc. 734 (HAND-HELD) 
Cooper Power Tools 635 
D.L. Ricci Corp. 258 Arc-Zone.corn 2245 
Dynabrade, Inc. 716 
Electrode Dressers, Inc. 443 
Esco Tool 2024 VENTILATION EQMT. 
Flowdrill Inc. 420 
GBC-America 406 Environmental Air Solutions 509 
H & B Distributors 1130 
Handi Disc/Bits 2209 WATER COOLING EQUIPMENT 
Heck Industries 425 
Hougen Mfg., Inc. 1041 Airgas 1118 
Jancy Engineering Co. 1485 Alphatex Co. 2059 
Machine Tech Inc. 903 Arcsmith 1612 
Metabo Corp. 713 Arc-Zone.corn 2245 
Milwaukee Electric Tool 1016 Atlas Welding Accessories, Inc. 734 
Nasco Inc. 2222 Cebora S.p.A. 941 
Nitto Kohki 1148 DALEX-WERKE Niepenberg 
OKI Int'l, Div. of OKI Bering 1773 GmbH & Co.KG 832 
Peddinghaus Corp. Tool Div. 2139 ESAB Welding & Cutting 
Pferd, Inc. 1271 Products 807 
Protem USNCSI Tools, Inc. 1213 Harris Welco Div. of J.W. 
Stork-Herron Testing Harris Co. 1332 

Laboratories Inc. 2125 K & K Welding Products, Inc. 1432 
Techniweld Alloys & Welding Koolant Koolers, Inc. 1436 

Supplies 2173 Lincoln Electric Co., The 1439 
Top Cat Air Tools 719 MK Products, Inc. 1452 
Tri Tool Inc. 1128 Nasco Inc. 2222 

OKI Int'l, Div. of OKI Bering 1773 

Procon Products 320 Airgas 1118 
Proteus Industries Inc. 2067 Arcsmith 1612 
Simaco Elettmmeccanica SRL 345 Atlas Welding Accessories, Inc. 734 
Taylor-Winfield Corp. 1848 Beijing Metals & Minerals 
Techniweld Alloys & Welding Import & Export Corp. 2362 

Supplies 2173 Belchfire Corp. 2214 
Thermadyne Holdings 1416 BMS, Inc. 601 
Tweco/Arcair A Thermadyne BTU Contracts, Inc. 954 

Co. 1416 Ceodeux, Inc. 658 
Unitrol Electronics, Inc. 341 China National Wujin Mahang 
WNI 1612 Welding & Cutting Plant 647 

Controls Corp. of America 1928 
WATER PUMPS Flame Technologies, Inc. 2052 

Gas Technology Energy 
Simaco Elettromeccanica SRL 345 Concepts, LLC 225 

Generico 674 
WELD PREP MACHINES Genweld 674 

Goss Inc. 1716 
Gullco Int'l, Inc. 1135 Harris Welco Div. of J.W. 

Harris Co. 1332 
WELDING & CUTTING High Purity Gas Co. 601 
CONSUMABLES Iwatani Int'l Corp. of America 1685 

Kayo Products Co., Ltd. 1964 
Lincoln Electric Co., The 1439 

Arc-Zone.corn 2245 NTT 1612 
Bernard, A Div. of DovaTech, OKI Int'l, Div. of OKI Bering 1773 

Ltd. 1428 Praxair, Inc. 1245 
Dovatech, Ltd. 1428 Robinson Technical Products 
Plazcraft, A Div. of DovaTech, Midwest 434 

Ltd. 1428 Smith Equipment 1612 
Weldcraft, A Div. of DovaTech, Techniweld Alloys & Welding 

Ltd. 1428 Supplies 2173 
Uniweld Products, Inc. 1024 

WELDING ACCESS-HEATING Victor Equipment Co., A 
TORCHES Thermadyne Co. 1416 

Air Products & Chemicals, Inc. 1619 
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. .MITSUBISHI 
HARDFACING 

ALLOYS 
Rod Electrode Powde= 

No. 1 

No. 6 

No. 12 

No. 21 

t 

t 

t 

t 

t 

t t 
ii 

t t 

t t 
Extrusion Quality Available 

.,t~MITSUBISHI MATERIALS U.S.A. CORR 

17401 Eastman Street, Irvine, CA 92614 
(800) 423-2638 ° FAX (949) 862-5180 

Houston Office: (800) 359-6361 e Chicago Office: (800) 486-2341 

Circle No. 98 on Reader Info-Card 

SEE US AT AWS SHOW BOOTH 411 

HELLER/DAVI & HELLER/MG 4-ROLL 
. . . . .  BENDING MACHINES 

; 1.1 x Upper Roll Diameter 
Z.uto Paralleling System 
I Sheet to 8" Plate Capacity 

See Us at 
AWS 

Booth #1252 

FIRST IN SERVICE AND FIRST IN SALES FOR DAVIt 

J Heller Bending Machines provide standard features that are ] 
only optional or unavailable on competitive models. I 

Experts In Metal Fabricating Equipment 
E. G. HELLER'S SON, INC. 
18330 0xnard Street, Tarzana, CA 91356-1502 USA 

Tel: 800-233-0929 • California Tel: 800-233-0909 
Tel: 818-881-0900 • Fax: 818-344-8898 

E-mail: sales@hellerson.com ° Website: www.hellerson.com 

Circle No. 49 on Reader Info-Cerd 

WELDING CABLE Trystar Cables (Bridgewater 
Tech., Inc.) 545 

Air Products & Chemicals, Inc. 1619 Tweco/Arcair, A Thermadyne 
Airgas 1118 Co. 1416 
Alphatex Co. 2059 Washington Alloy Co. 861 
Arc-Zone.com 2245 WNI 1612 
Atlas Welding Accessories, inc. 734 
Beijing Metals & Minerals WELDING CLAMPS 

Import & Export Corp. 2362 
Bernard, A Div. of DovaTech, Pip CO 336 

Ltd. 1428 
British Federal-North America 273 WELDING HELMETS 
Dovatech, Ltd. 1428 
Electron Beam Technologies, 3M Occupational Health & 

Inc. 1 1 2 2  Environmental Safety 2242 
Elocab Tailor-Made Cables 216 Air Products & Chemicals, Inc. 1619 
Essex 321 Airgas 1118 
Harris Welco Div. of J.W. Alphatex Co. 2059 

Harris Co. 1332 America Fortune Co. 2003 
Inweld Corp. 1841 ArcOne 846 
K & K Welding Products, Inc. 1432 Atlas Welding Accessories, Inc. 734 
Lincoln Electric Co., The 1439 Beijing Advanced Metal 
Nasco Inc. 2222 Materials Co., Ltd. 2154 
Natweld-Hi Alloy Corp. 1841 Beijing Metals & Minerals 
OKI Int'l, Div. of OKI Bering 1773 Import & Export Corp. 2362 
Praxair, Inc. 1245 Chicago Protective Apparel 409 
Resistance Welding Products China National Wujin Mahang 

Ltd. 342 Welding & Cutting Plant 647 
Robinson Technical Products ESAB Welding & Cutting 

Midwest 434 Products 807 
Stork-Herren Testing Frommelt Machine Guarding 

Laboratories Inc. 2125 Products 241 
Techniweld Alloys & Welding Generico 674 

Supplies 2173 Genweld 674 
Thermadyne Holdings 1416 Harris Welco Div. of J.W. 

Harris Co. 1332 
Hoodlum Welding Gear 2318 
Hornell Speedglas, Inc. 447 
I nweld Corp. 1841 
Jackson Products, Inc. 1407 
Kayo Products Co., Ltd. 1964 
Kedman Co.- Huntsman 

Prod uct Div. 1407 
Kemper USA, Inc. 2439 
Kromer Cap Co., Inc. 1831 
Lincoln Electric Co., The 1439 
Morsafe 1407 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Nederman, Inc. 919 
OKI Int'l, Div. of OKI Bering 1773 
OPTREL AG 1673 
Otos Optical Co., Ltd. 531 
Praxair, Inc. 1245 
Pro Design Welding Hoods 137 
Robinson Technical Products 

Midwest 434 
Sellstrom Mfg. Co. 1223 
Sentinel, LLC 2128 
Stork-Herren Testing 

Laboratories Inc. 2125 
Tecbniweld Alloys & Welding 

Supplies 2173 
Uvex Safety 1673 
Washington Alloy Co. 861 

WIRE BRUSHES 

Air Products & Chemicals, Inc.1619 
Alphatex Co. 2059 

Anderson Products 728 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
BMS, Inc. 601 
Flexovit USA, Inc. 761 
Generico 674 
Genweld 674 
Harris Welco Div. of J.W. 

Harris Co. 1332 
High Purity Gas Co. 601 
I nweld Corp. 1841 
Jaz USA, Inc. 755 
Lincoln Electric Co., The 1439 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Osborn Int'l 2039 
Pearl Abrasive Co. 610 
Herd, Inc. 1271 
Robinson Technical Products 

Midwest 434 
Stork-Herren Testing 

Laboratories Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
United Abrasives Inc. 1232 
Walter, Inc., J. 524 
Weiler Corp. 501 

WIRE FEED SYSTEMS 

Electron Beam Technologies, 
Inc. 1122 
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WIRE FEEDERS 

Cooptim Ltd. 866 

WIRE WHEELS 

Abreast Abrasives Corp. 348 
WELDING ACCESSORIES 

Arc-Zone.corn 2245 

CUTTING 
EQUIPMENT 

BAND SAWS 

DAKE 152 
Haberle/Ken Bergman & 

Associates 261 

CARBON ARC GOUGING 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Atlas Welding Accessories, Inc. 734 
Beijing Advanced Metal 

Materials Co., Ltd. 2154 
Bug-O Systems Equipment 1139 
C.H. Symington & Co., Inc. 549 
China National Wujin Mahang 

Welding & Cutting Plant 647 
Chosun Steel Wire Co. 964 
DALEX-WERKE Niepenberg 

GmbH & Co.KG 832 
ESAB Welding & Cutting 

Products 807 
Inweld Corp. 1841 
Machine Tools.com 1361 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
PCI Energy Services 874 
Praxair, Inc. 1245 
Profax 1235 
Robinson Technical Products 

Midwest 434 
Thermadyne Holdings 1416 
Tweco/Arcair, A Thermadyne 

Co. 1416 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Whitestone Corp. 2131 

CARBON GOUGING RODS 

Beijing Advanced Metal 
Materials Co., Ltd. 2154 

COLD SAWS 

DAKE 152 
Haberle/Ken Bergman & 

Associates 261 

CUSTOM DESIGN 
LASER CUTTING 

Robotic Accessories Div., Process 
Equipment Co. 1941 

CUSTOMIZED SYSTEMS 

MIM Industries, Inc., A 
Brother Co. 1822 

CU'R'ING EQUIPMENT- 
HEATING TORCHES 

Air Products & Chemicals, Inc.1619 
Arcsmith 1612 
Atlas Welding Accessories, Inc. 734 
Belchfire Corp. 2214 
BMS, Inc. 601 
Controls Corp. of America 1928 
ESAB Welding & Cutting 

Products 807 
Flame Technologies, Inc. 2052 

Flange Wizard Tools 2252 
Generico 674 
Genweld 674 
Goss Inc. 1716 
High Purity Gas Co. 601 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Smith Equipment 1612 
Techniweld Alloys & Welding 

Supplies 2173 
Uniweld Products, Inc. 1024 
Whitestone Corp. 2131 

CUTrlNG ROBOTS 

ABB Flexible Automation, Welding 
Systems Div. 2012 

Bug-O Systems Equipment 1139 
FANUC Robotics North America, 

Inc. 1639 
Hypertherm, Inc. 1652 
Machine Tools.corn 1361 
Motoman Inc. 1858 
PCI Energy Services 874 
Reis Robotics/ESAB 1207 
Weld Systems Int'l Inc. 1835 

CUTTING TABLES 

Airgas 1118 

he  PLC-controlled BG series of high-speed 
nders gives you high stock and gate removal 
xacting tolerances. Your selection includes: i 

tical rise and fall i 
zontal reciprocating beds 
e spindle 
spindle 
ct wheels 2",  4",  8" & 10" ~ t  

J know it's 
ers ~, "~ 

gr inding.  

g 

d m 

~ii!iiiiii!!i!iiiii!ii%iiiiii!i~i!!~ 

You also win 
with GENUINE 

Timesavers ® 
PARTS/ 

 Timesavers 
1.800.537.3611 

Timesavers, Inc. * 5270 Hanson Court • Minneapolis, MN 55429-3161 
612.537.3611 • Fax: 612.537.9247 • www.timesaversinc.com 

Circle No, 135 on Reader Info-Card 
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Anderson Inc. 634 
Atlas Welding Accessories, Inc. 734 
Bug-O Systems Equipment 1139 
C & G Systems, A Thermadyne 

Co. 1416 
CML USA, Inc. 2072 
Flame Technologies, Inc. 2052 
Gait Technical Services 819 
Hypertherm, Inc. 1652 
Koike Aronson Inc. 1219 
Lantek Systems, Inc. 508 
Machine Tools.corn 1361 
MG Systems-Messer 459 
Permadur Industries, Inc. 819 
Praxair, Inc. 1245 
Sigmatek Corp. 1172 
Thermadyne Holdings 1416 
United ProArc Corp. 1671 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weldsale Co. 901 

CUTTING TIPS & 
ELECTRODES 

Arc-Zone.corn 2245 

CUTTING TIPS & FIXTURES 

Air Products & Chemicals, Inc. 1619 
Alphatex Co. 2059 
American Torch Tip Co. 439 
Arcsmith 1612 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen LL.C. 868 
Bernard, A Div. of DovaTech, 

Ltd. 1428 
BMS, Inc. 601 
C.H. Symington & Co., Inc. 549 
Ceodeux, Inc. 658 
China National Wujin Mahang 

Welding & Cutting Plant 647 
Controls Corp. of America 1928 
Dovatech, Ltd. 1428 
ESAB Welding & Cutting 

Products 807 
Flame Technologies, Inc. 2052 
Gas Technology Energy 

Concepts, LLC 225 
Generico 674 
Genweld 674 
Goss Inc. 1716 
High Purity Gas Co. 601 
Hypertherm, Inc. 1652 
Inweld Corp. 1841 
Machine Tools.corn 1361 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
NTT 1612 
OKI Int'l, Div. of OKI Bering 1773 
Plazcraft, A Div. of DovaTech, 

Ltd. 1428 
Praxair, Inc. 1245 
Smith Equipment 1612 
Tatras, Inc. (d.b.a. Thermacut) 960 
Thermadyne Holdings 1416 
United ProArc Corp. 1671 
Uniweld Products, Inc. 1024 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weldcraft, A Div. of DovaTech, 

Ltd. 1428 

DUST COLLECTION 

TDC Filter Mfg., Inc. 2143 

EXOTHERMIC CUTTING 
EQUIPMENT 

Anderson Inc. 634 
Broco, Inc. 624 
C.H. Symington & Co., Inc. 549 
Controls Corp. of America 1928 
Oxylance Corp. 1911 
Sigmatek Corp. 1172 
Thermadyne Holdings 1416 
Tweco/Arcair, A 

Thermadyne Co. 1416 

FIELD MACHINING 

Tri Tool Inc. 1128 

HAFNIUM WIRE/ELECTRODES 

Beijing Metals & Minerals 
Import & Export Corp. 2362 

HOLE SAWS 

Anderson Products 728 

IMPORTER 

Atlas-Raisen L.L.C. 868 

LASER BEAM CUTTING 

American Torch Tip Co. 439 
Controls Corp. of America 1928 
Convergent Energy 2152 
FANUC Robotics North 

America, Inc. 1639 
GSI Lumonics 306 
HACO-Atlantic, Inc. 839 
Koike Aronson Inc. 1219 
LAI Companies 1728 
Lantek Systems, Inc. 508 
Lasag Industrial-Lasers 401 
Laser Machining, Inc. 1628 
Laser Mechanisms, Inc. 1865 
Machine Tools.corn 1361 
Metal Processing 

Systems, Inc. 1630 
MVE, Inc. 1816 
Praxair, Inc. 1245 
Reis Robotics/ESAB 1207 
Rofin-Sinar Inc. 1635 
Sigmatek Corp. 1172 
Tatras, Inc. (d.b.a. Thermacut) 960 
Taylor-Wharton Gas Equipment 

Div. 110 
Trumpf Inc. 1622 
Trumpf Inc. - Laser Technology 

Center 1622 
W. A. Whitney Co. 2233 

NATURAL GAS 

Gas Technology Energy 
Concepts, LLC 225 

ORBITAL SAWS 

Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 

OTHER CUTTING EQUIPMENT 

Anderson Products 728 

Applied Robotics Inc. 843 
Arc-Zone.corn 2245 
Atlas-Raisen L.L.C. 868 
Contour, Div. of Jackson 

Products 1407 
FormdrilI-Div. of Foremost 

Machinery 1866 
Hougen Mfg., Inc. 1041 
Laser Mechanisms, Inc. 1865 
MIM Industries, Inc., A 

Brother Co. 1822 
Permadur Industries, Inc. 819 
Plazcraft, A Div. of DovaTech, 

Ltd. 1428 
Project Tool & Die, Inc. 616 
Sigmatek Corp. 1172 
TDC Filter Mfg., Inc. 2143 
Tri Tool Inc. 1128 
Universal Drilling & Cutting 

Equipment, Ltd. 322 
Wachs Co., E.H. 1039 
Weldcraft, A Div. of DovaTech, 

Ltd. 1428 

OXY PORTABLE 

Ready Welder Corp. 2354 

OXYFUEL GAS (AUTOMATIC) 

Air Products & Chemicals, Inc. 1619 
American Torch Tip Co. 439 
BTU Contracts, Inc. 954 
Bug-O Systems Equipment 1139 
Burny/Cleveland Motion 

Controls Inc. 1142 
Controls Corp. of America 1928 
Flame Technologies, Inc. 2052 
High Purity Gas Co. 601 
Koike Aronson Inc. 1219 
Praxair, Inc. 1245 
Sigmatek Corp. 1172 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
United ProArc Corp. 1671 
Uniweld Products, Inc. 1024 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Weld Systems Int'l Inc. 1835 

OXYFUEL GAS (MANUAL) 

Air Products & Chemicals, Inc.1619 
American Torch Tip Co. 439 
Arcsmith 1612 
Atlas Welding Accessories, Inc. 734 
BMS, Inc. 601 
BTU Contracts, Inc. 954 
Burny/Cleveland Motion 

Controls Inc. 1142 
Controls Corp. of America 1928 
ESAB Welding & Cutting 

Products 807 
Flame Technologies, Inc. 2052 
Gas Technology Energy 

Concepts, LLC 225 
Goss Inc. 1716 
High Purity Gas Co. 601 
IBEDA Superflash Gas Safety 

Equipment 2174 
Lincoln Electric Co., The 1439 
NTT 1612 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Smith Equipment 1612 

Stork-Herron Testing 
Laboratories Inc. 2125 

Tatras, Inc. (d.b.a. Thermacut) 960 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
United ProArc Corp. 1671 
Uniweld Products, Inc. 1024 
Victor Equipment Co. A 

Thermadyne Co. 1416 
Weldmark 2253 

PAC CIRCLE CUTTING KITS 

Arc-Zone.corn 2245 

PAC TORCHES & CABLES 

Arc-Zone.corn 2245 

PIPE CUTTING & BEVELING 

Advanced Fabricating 
Machinery 748 

Air Products & Chemicals, Inc. 1619 
American Torch Tip Co. 439 
Anderson Products 728 
Atlas Welding Accessories, Inc. 734 
Bug-O Systems Equipment 1139 
CML USA, Inc. 2072 
Convergent Energy 2152 
Cypress Welding Equipment 

Inc. 1141 
D.L. Ricci Corp. 258 
Doringer Cold Saws 229 
Esco Tool 2024 
FANUC Robotics North America, 

Inc. 1639 
GBC-America 406 
Georg Fischer Pipe Tools 1145 
H & M Pipe Beveling Machine 

Co., Inc. 1161 
H & S Tool, Inc. 258 
Hougen Mfg., Inc. 1041 
Jancy Engineering Co. 1485 
Kistler Machines Co. 557 
Koike Aronson Inc. 1219 
Lantek Systems, Inc. 508 
Machine Tech Inc. 903 
Machine Tools.corn 1361 
Mactech/Stresstech 2024 
Mathey Dearman 1535 
OKI Int'l, Div. of OKI Bering 1773 
PCI Energy Services 874 
Pearl Abrasive Co. 610 
Peddinghaus Corp. Tool Div. 2139 
Protein USA/CSITools, Inc. 1213 
Reed Mfg. Co., Inc. 521 
Sigmatek Corp. 1172 
Techniweld Alloys & Welding 

Supplies 2173 
Tri Tool Inc. 1128 
Trumpf Inc. 1622 
Uni-Hydro, Inc. 475 
United ProArc Corp. 1671 
Vernon Tool Co. 670 
Wachs Co., E.H. 1039 
Weld Systems Int'l Inc. 1835 
Wetdline Automation, Inc. 817 
World Machinery & Saws 

System Co. 2110 

PLASMA ARC CUTTING 

ABB Flexible Automation Welding 
Systems Div. 2012 
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LASAG I n d u s t r i a l - -  Lasers  . . . .  

A manufacturer of precision, . . . . . . .  
highly reliable and user friendly , ~ °' 

pulsed Nd:YAG lasers and beam ...... , 
delivery (conventional and fiber *~, 
optic) has sold numerous solutions 
for protoNping and production for 

precision cutting applications. 

Nd:YAI3 lasers are universal tools, 
their main applications are welding, 
cutting, drilling and marking of 
various materials and shapes. 

LASAG has earned a reputation as 
a world leader in the laser industry 
due to our application knowledge, 
the quality of our products and the 
support and service. 

For more information, or to discuss 
your application and requirements 
in detail please give us a call. 
We look forward to becoming 
your laser partner. 

LASAG 
I N D U S T R I A L - L A S E R S  

g 

LASAG Industrial Lasers 
601 Campus Drive, Suite B5 
Arlington Heights, IL 60004 
U.S.A. 
Tel. (847) 593-3021 
Fax (847) 593-5062 
e-mail: lasers@lasag.com 

, - j  

LASAG AG 
Mittlere Stasse 52 
CH-3600  Thun 
Switzerland 
Tel. + 4 1 - 3 3 - 2 2 7  45 45 
Fax + 4 1 - 3 3 - 2 2 7  45 73 
e-mail: lasers@lasag.ch 

• • • 0 
A COMPANY OF THE 8 W A T C H  Q R O U P  

SEE US AT AWS S H O W  BOOTH 401 

web site: www.lasag.com ISO 9001 certified since 1990 
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Kennametal macrocrystalline tungsten carbide 
hardfacing rods can'be custom-made for virtually 
any wearf'acing (to extend a tool s service life) 
or cutterfacing (to provide an abrading :..= 
surface on a tool) application. ~ 

Our products, which can 
be applied by oxyfuel, 
shielded metal arc, or gas 
tungsten arc welding 
methods, have superior physical ~ . ~  P and chemical carbide P uniformity, a high carbon l ~ ' i ~  ~ 
content, and uniform ~ 
granule distribution. As a 
result, they re extremely 
wear and abrasion resistant...significantly reducing 
your part-replacement downtime, labor, and costs, 
in even the most demanding operating conditions. 

To learn more about our hardware for your 
high-wear areas, contact: 
KENNAMETAL INC., I 
MINING AND CONSTRUCTION DIVISION, 
P.O. Box 231 ,  LATROBE, PA 15650.  
PHONE 800/533" 1965. FAX 724-539"5079. 

KENNAMETAC 

www.kennametal.com 

Kennametal and stylized K are 
trademarks of Kennametal Inc., 
and are used as such herein. 
©1999 by Kennametal Inc. 
All rights reserved. 

AM99-1 
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• • 
M o r g a n  A d v a n c e d  C e r a m i c s  , • , •  
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A4,~TROC 
Your Source for Cost Effective Ceramic 
Solutions for TIG/MIG Welding and 
Plasma Cutting Applications 

• Orbi ta l  Weld ing  

• M I G  Weld ing  

• T I G  Weld ing  

• P l a s m a  Cut t ing  

• Res i s t ance  Weld ing  

• W e l d - B a c k i n g  

• and m a n y  more  

With 12 plants around the world, each dedicated to 
solving customers problems, Morgan Advanced 
Ceramics will welcome you at their booth 2409 to 
discuss your requirements. 

US National Customer Service 
Call: 1-800 433 0638 

Fax: 724 537 4910 
M~a 

Advanced Ceramics 

SEE US AT AWS SHOW BOOTH 2409 

Circle No, 99 on Reader Info-Card 
Circle No. 150 on Reader Info-Card 

Advanced Kiffer Systems, Inc. 1 2 7 4  Motoman Inc. 1858 
Air Products & Chemicals, Inc.1619 Nl-r 1612 
Airgas 1118 OKI Int'l, Div. of OKI Bering 1773 
American Torch Tip Co. 439 PCI Energy Services 874 
Anderson Inc. 634 Plazcraft, A Div. of DovaTech, 
Arcsmith 1612 Ltd. 1428 
Arc-Zone.corn 2245 Praxair, Inc. 1245 
Atlas-Raisen L.L.C. 868 Profax 1235 
Bug-O Systems Equipment 1139 Reis Robotics/ESAB 1207 
Burny/Cleveland Motion Sigmatek Corp. 1172 

Controls Inc. 1142 Smith Equipment 1612 
Cebora S.p.A. 941 Tatras, Inc. (d.b.a. Thermacut) 960 
China National Wujin Mahang Techniweld Alloys & Welding 

Welding & Cutting Plant 647 Supplies 2173 
DALEX-WERKE Niepenberg Thermadyne Holdings 1416 

GmbH & Co.KG 832 Thermal Dynamics Corp,. A 
Dovatech, Ltd. 1 4 2 8  Thermadyne Co. 1416 
ESAB Welding & Cutting Trafimet USA, Inc. 405 

Products 807 United ProArc Corp. 1671 
FANUC Robotics North W.A. Whitney Co. 2233 

America, Inc. 1639 Weldline Automation, Inc. 817 
Flange Wizard Tools 2252 Yeeda Int'l Co. 662 
Heck Industries 425 
Hobart Welding Equipment 1 6 0 6  PORTABLE PIPE LATHES 
Hypertherm, Inc. 1652 
Innerlogic Inc. 1585 Wacbs Co., E.H. 1039 
intelligent Monitoring 

Systems, LLC 1970 POWER SUPPLIES 
ITA, Inc. 871 
Koike Aronson Inc. 1219 Air Products & Chemicals, Inc. 1619 
Lantek Systems, Inc. 508 Airgas 1118 
Lincoln Electric Co., The 1439 Atlas Welding Accessories, Inc. 734 
Mathey Dearman 1535 ESAB Welding & Cutting 
MG Systems-Messer 459 Products 807 
Miller Electric Mfg. Co. 1606 Hypertherm, Inc. 1652 
Morgan Advanced Ceramics 2409 

Intelligent Monitoring Systems, 
LLC 1970 

Lincoln Electric Co., The 1439 
Praxair, Inc. 1245 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Thermal Dynamics Corp., A 

Thermadyne Co. 1416 
United ProArc Corp. 1671 
Wachs Co., E.H. 1039 

SAWS (ABRASIVE) 

Airgas 1118 
American Saw & Mfg. Co./ 

Lenox 854 
Atlas Welding Accessories, Inc. 734 
CGW Abrasive Mfg. USA 2336 
CML USA, Inc. 2072 
Doringer Cold Saws 229 
Esco Tool 2024 
H & S Tool, Inc. 258 
Jepson Power Tools 101 
Lenox/American 

Saw & Mfg. Co. 854 
Nasco Inc. 2222 
Norton Co. 1047 
PCI Energy Services 874 
Stork-Herron Testing Laboratories 

Inc. 2125 
Top Cat Air Tools 719 
Tri Tool Inc. 1128 
Uni-Hydro, Inc. 475 
Vernon Tool Co. 670 

SAWS (MECHANICAL) 

Airgas 1118 
Armstrong-Blum Mfg. Co. 974 
Atlas Welding Accessories, Inc. 734 
CML USA, Inc. 2072 
Cooper Power Tools 635 
D.L. Ricci Corp. 258 
DAKE 152 
Doringer Cold Saws 229 
Elderfield & Hall, Inc. 303 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
GBC-America 406 
Georg Fischer Pipe Tools 1145 
Haberle/Ken Bergman & 

Associates 261 
HE&M Saw 1966 
Hougen Mfg., Inc. 1041 
Jancy Engineering Co. 1485 
Jepson Power Tools 101 
Metal Mizer 461 
Pat Mooney, Inc, 766 
PCI Energy Services 874 
Peddinghaus Corp. Tool Div. 2139 
Scotchman Industries 639 
Stork-Herron Testing 

Laboratories Inc. 2125 
Tri Tool Inc. 1128 
Wachs Co., E.H. 1039 
World Machinery & Saws 

System Co. 2110 
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Now buy the BEST! I 
A R C - M E T  ® 9 3 0  

~ssed sensitivity for Carbon, Sulphur and Phosphorus 

ecise measurement using a portable system 

lysis in changing and harsh environments 

TORCH COLLISION 
PROTECTION 

Applied Robotics Inc. 843 

TUBE CUTTING W! 
TOOLING 

Project Tool & Die, Inc. 616 

TUBE FACING TOOL 

Swagelok Co. 582 

WATER JET CUTI'ING 

ABB Flexible Automation, Welding 
Systems Div. 2012 

Bug-O Systems Equipment 1139 
Burny/Cleveland Motion 

Controls Inc. 1142 
FANUC Robotics North 

America, Inc. 1639 
Gait Technical Services 819 
LAI Companies 1728 
Lantek Systems, Inc. 508 
PCI Energy Services 874 
Sigmatek Corp. 1172 

WATER TABLES 

Anderson Inc. 634 
Gait Technical Services 819 
Koike Aronson Inc. 1219 
Sigmatek Corp. 1172 

torex ",, 

SEE US AT AWS SHOW BOOTH 432 
Circle No. 159 on Reader Info-Ccrd 

United ProArc Corp. 1671 
Weldsale Co. 901 

JOINING 
MATERIALS 

ALUMINUM 

Air Products & Chemicals, Inc.1619 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 

Midwest 434 
Selectrode Industries, Inc. 722 
Stork-Herron Testing 

Laboratories Inc. 2125 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, Inc. 520 

ALUMINUM EXOTHERMIC 
Atlas-Raisen L.L.C. 868 WELDING 
Aufhauser Corp. 2229 
Bohler Thyssen Welding Erico Inc. 1943 

USA Inc. 2006 
C.H. Symington & Co., Inc. 549 BRAZING ALLOYS (BASE 
Chosun Steel Wire Co. 964 METAL) 
ESAB Welding & Cutting 

Products 807 AACCO 2068 
Gedik Welding Inc. 201 Air Products & Chemicals, Inc. 1619 
Gulf Wire Corp. 729 Airgas 1118 
Harris Welco Div. of J.W. Alphatex Co. 2059 

Harris Co. 1332 Atlas Welding Accessories, Inc. 734 
Inweld Corp. 1841 Aufhauser Corp. 2229 
Lincoln Electric Co., The 1439 Bohler Thyssen Welding 
Lockheed Martin Michoud USA Inc. 2006 

Space Systems 2329 Engelhard Corp. 2231 
MG Welding Products 1954 ESAB Welding & Cutting 
Nasco Inc. 2222 Products 807 
Natweld-Hi Alloy Corp. 1841 Forges De Saint-Hippolyte S.A. 
Oerlikon Welding LTD 2222 (Selectarc) 252 
0KI Int'l, Div. of OKI Bering 1773 Fusion Inc. 958 
Praxair, Inc. 1245 Gasflux Co. 2224 
Robinson Technical Products Gedik Welding Inc. 201 

Call today 609-406-9000 or 800-229-9209 
w w w . m e t o r e x . c o m  

Harris Welco Div. of J.W. 
Harris Co. 1332 

Inweld Corp. 1841 
MG Welding Products 1954 
Morgan Advanced Ceramics 2409 
Nasco Inc. 2222 
Natweld-Ri Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Pietro Galliani S.p.A. 2331 
Polymet Corp. 1870 
Prince & Izant Co. 2248 
Robinson Technical Products 

Midwest 434 
SALD-FLUX srl 2423 
Selectrode Industries, Inc. 722 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Victor Equipment Co., A 

Thermadyne Co. 1416 
Washington Alloy Co. 861 
Weldrite Welding Products, Inc. 520 

BRAZING ALLOYS (FOIL) 

AACCO 2068 
Airgas 1118 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Inweld Corp. 1841 
Morgan Advanced Ceramics 2409 
Natweld-Hi Alloy Corp. 1841 
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OKI Int'l, Div. of OKI Bering 1 7 7 3  Weldrite Welding 
Pietro Galliani S.p.A. 2331 Products, Inc. 520 
Praxair, Inc. 1245 Williams Advanced Materials 2416 
Prince & Izant Co. 2248 Winter Inc. & Co., F.W. 352 
Techniweld Alloys & Welding 

Supplies 2173 BRAZING ALLOYS 
Washington Alloy Co. 861 (PRECIOUS METAL) 
Weldrite Welding Products, Inc. 520 
Williams Advanced Materials 2416 AACCO 2068 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Engelhard Corp. 2231 
ESAB Welding & Cutting 

Products 807 
Forges De Saint-Hippolyte S.A. 

BRAZING ALLOYS (POWDER) 

AACCO 2068 
Airgas 1118 
Anval, Inc. 1768 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Engelhard Corp. 2231 (Selectarc) 252 
ESAB Welding & Cutting Fusion Inc. 958 

Products 807 Harris Welco Div. of J.W. 
Forges De Saint-Hippolyte S.A. Harris Co. 1332 

(Selectarc) 252 Inweld Corp. 1841 
Inweld Corp. 1841 Morgan Advanced Ceramics 2409 
Morgan Advanced Ceramics 2409 Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 Natweld-Hi Alloy Corp. 1841 
Pietro Galliani S.p.A. 2331 OKI Int'l, Div. of OKI Bering 1773 
Praxair Surface Technologies, Pietro Galliani S.p.A. 2331 

Inc. 1245 Praxair Surface Technologies, 
Praxai r, Inc. 1245 Inc. 1245 
Prince & Izant Co. 2248 Praxair, Inc. 1245 
Techniweld Alloys & Welding Prince & Izant Co. 2248 

Supplies 2173 SALD-FLUX srl 2423 
Uniweld Products, Inc. 1024 Selectrode Industries, Inc. 722 

Techniweld Alloys & Welding 
Supplies 2173 

Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weldrite Welding Products, Inc. 520 
Williams Advanced Materials 2416 

BRAZING SYSTEMS 

Engelhard Corp. 2231 

CONSUMABLE WELDING 
INSERTS 

Airgas 1118 
American Engineering & 

Welding 775 
Atlas-Raisen L.L.C. 868 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Imperial Weld Ring Corp. 541 
Nasco Inc. 2222 
Praxair, Inc. 1245 
SALD-FLUX srl 2423 
Stellite Coatings 764 
Weldrite Welding Products, 

Inc. 520 

FAILURE ANALYSIS 

Stork-Herron Testing 
Laboratories Inc. 2125 

HARDFACING/ 
SURFACING (STRIP CLADDING) 

Airgas 1118 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Avesta Welding Products, Inc. 1057 
Bohler Thyssen Welding 

USA Inc. 2006 
Devasco Int'l, Inc. 458 
ESA8 Welding & Cutting 

Products 807 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
Polymet Corp. 1870 
Sandvik Steel Co. 1824 
STEIN-USA 361 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Weldrite Welding Products, Inc. 520 

HARDFACING/ 
SURFACING (WIRE) 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Atlas-Raisen L.L.C. 868 
Bohler Thyssen Welding 

USA Inc. 2006 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Inweld Corp. 1841 
Lincoln Electric Co., The 1439 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Natweld-Hi Alloy Corp. 1841 
Polymet Corp. 1870 
Praxair Surface Technologies, 

Inc. 1245 
Praxair, Inc. 1245 
Rankin Industries, Inc. 1355 
Selectrode Industries, Inc. 722 
STEIN-USA 361 
Stellite Coatings 764 
Stoody, A Thermadyne Co. 1416 
Thermadyne Holdings 1416 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weartech Int'l, Inc. 643 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 

HARDFACING/SURFACING 
[POWDER ALLOY] 

Airgas 1118 
Anval, Inc. 1768 
Aufhauser Corp. 2229 
Beijing Advanced Metal 

Materials Co., Ltd. 2154 
Bohler Thyssen Welding 

USA Inc. 2006 
Cor-Met, Inc. 1054 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 
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Harris Co. 1332 
Inweld Corp. 1841 
LAI Companies 1728 
Mitsubishi Materials U.S.A. 

Corp. 411 
Natweld-Hi Alloy Corp. 1841 
Praxair Surface Technologies, 

Inc. 1245 
Rankin Industries, Inc. 1355 
Selectrode Industries, Inc. 722 
Stellite Coatings 764 
Stoody, A Thermadyne Co. 1416 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Trumpf Inc. - Laser Technology 

Center 1622 
Uniweld Products, Inc. 1024 
Weartech Int'l, Inc. 643 
Weldrite Welding Products, Inc. 520 
Winter Inc. & Co., F.W. 352 

METAL & ALLOY POWDER 

Winter Inc. & Co., F.W. 352 

OTHER JOINING 
MATERIALS 

Anval, Inc. 1768 
Bohler Thyssen Welding 

USA Inc. 2006 
Erico Inc. 1943 
OBO Bettermann 1052 
Titanium Wire Corp. 660 
TUV America 2313 
Uniweld Products, Inc. 1024 
Weldrite Welding Products, 

Inc. 520 
Winter Inc. & Co., F.W. 352 

POWDERS FOR ELECTRODE 
COATINGS 

Beijing Advanced Metal 
Materials Co., Ltd. 2154 

QUALIFICATION/JOINING 
MATERIALS 

TUV America 2313 

SOLDERING ALLOYS 

AACCO 2068 
Air Products & Chemicals, Inc. 1619 
Airgas 1118 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Engelhard Corp. 2231 
ESAB Welding & Cutting 

Products 807 
Fusion Inc. 958 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Inweld Corp. 1841 
MG Welding Products 1954 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Prince & Izant Co. 2248 
SALD-FLUX srl 2423 
Selectrode Industries, Inc. 722 
STEIN-USA 361 

Techniweld Alloys & Welding 
Supplies 2173 

Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weldrite Welding Products, Inc. 520 
Williams Advanced Materials 2416 

THERMAL SPRAY 
POWDER 

Anval, Inc. 1768 

THERMAL SPRAY WIRES 

Airgas 1118 
Ampco Metal Inc. 1828 
Anval, Inc. 1768 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Natweld-Hi Alloy Corp. 1841 
Polymet Corp. 1870 
Praxair Surface Technologies, 

Inc. 1245 
Praxair, Inc. 1245 
Rankin Industries, Inc. 1355 
Schwarzkopf Technologies 

Corp. 1903 
STEIN-USA 361 
Techniweld Alloys & Welding 

Supplies 2173 
Weldrite Welding Products, Inc. 520 
Wisconsin WireWorks Inc. 2109 

UNDERWATER JOINING 
MATERIALS 

Oxylance Corp. 1911 

WELD STUDS 

OBO Bettermann 1052 

WELD WIRE TITANIUM 

Titanium Wire Corp. 660 

WELDING WIRE (ALUMINUM) 

Air Products & Chemicals, Inc.1619 
Airgas 1118 
Alcotec Wire Corp. 916 
American Filler Metals Co. 970 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
Beijing Metals & Minerals Import 

& Export Corp. 2362 
Bohler Thyssen Welding 

USA Inc. 2006 
C.H. Symington & Co., Inc. 549 
ESAB Welding & Cutting 

Products 807 
FEMI S.R.L. 1854 
Gulf Wire Corp. 729 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Intelligent Monitoring 

Systems, LLC 1970 
Inweld Corp. 1841 
Lincoln Electric Co., The 1439 

MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Prince & Izant Co. 2248 
Robinson Technical Products 

Midwest 434 
Stork-Herron Testing 

Laboratories Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, 

Inc. 520 

WELDING WIRE 
(MILD STEEL) 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
American Filler Metals Co. 970 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
C.H. Symington & Co., Inc. 549 
Corex 1805 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Eurosider SAS 2144 
FEMI S.R.L. 1854 
Gedik Welding Inc. 201 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Intelligent Monitoring 

Systems, LLC 1970 
Inweld Corp. 1841 
Iwatani Int'l Corp. of America 1685 
Koballoy Co. 601 
Koike Aronson Inc. 1219 
Lincoln Electric Co., The 1439 
McKay Welding Products 1805 
MG Welding Products 1954 
Nasco Inc. 2222 
National -Standard Co. 1460 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
S.I.A.T. SPA Societa Italiana 

Acciai Trafilati 1072 
STEIN-USA 361 
Techalloy Co., Inc. 2016 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 

Thermal Arc, A 
Thermadyne Co. 1416 

Trimark 1805 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, Inc. 520 

WELDING WIRE 
(NICKEL/HIGH NICKEL) 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
American Engineering & 

Welding 775 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Avesta Welding Products, Inc. 1057 
Bohler Thyssen Welding 

USA Inc. 2006 
C.H. Symington & Co., Inc. 549 
Cor-Met, Inc. 1054 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Into Alloys Int., IAI Welding Prod- 

ucts, A Special Metals Co. 723 
Intelligent Monitoring Systems, 

LLC 1970 
Inweld Corp. 1841 
Lincoln Electric Co., The 1439 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
National-Standard Co. 1460 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Polymet Corp. 1870 
Praxair, Inc. 1245 
Sandvik Steel Co. 1824 
STEIN-USA 361 
Stellite Coatings 764 
Techalloy Co., Inc. 2016 
Techniweld Alloys & Welding 

Supplies 2173 
Thermal Arc, A 

Thermadyne Co. 1416 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 
Williams Advanced Materials 2416 

WELDING WIRE 
(STAINLESS STEEL) 

Air Products & Chemicals, Inc. 1619 
Airgas 1118 
American Engineering & 

Welding 775 
American Filler Metals Co. 970 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
Avesta Welding Products, Inc. 1057 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
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Quality Manual Welding Accessories 
ELECTRODE HOLDERS , CABLE CONNECTORS 

"COPPER & STEEL GROUND CLAMPS 
CHIPPING HAMMERS , TANK WRENCHES 

HAMMER & SOLDER ON LUGS & SPLICERS 

"Visit us  at Booth  1841  during the  AWS EXPO, April 2 6 - 2 8 ,  2 0 0 0 "  

D i l q C ~ A T I ( ~  AT  W O R K  
WORLD WIDE SALES TO I)ffl~I~Ir/101~ 
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Cir©le No. 1 3 4  on R e a d e r  Info-Card 

C.H. Symington & Co., Inc. 549 Thermadyne Holdings 1416 Oerlikon Welding Ltd. 2222 Arctech Welding Electrodes 
Cor-Met, Inc. 1054 TUV America 2313 OKI Int'l, Div. of OKI Bering 1773 & Wires Ind. Inc. 2210 
Devasco Int'l, Inc. 458 Unibraze Corp. 1965 Robinson Technical Products Atlas Welding Accessories, Inc. 734 
ESAB Welding & Cutting Uniweld Products, Inc. 1024 Midwest 434 Aufhauser Corp. 2229 

Products 807 Washington Alloy Co. 861 STEIN-USA 361 Bohler Thyssen Welding 
Eurosider SAS 2144 Weld Mold Co. 2436 Techalloy Co., Inc. 2016 USA Inc. 2006 
FEMI S.R.L. 1854 Weldmark 2253 Techniweld Alloys & Welding C.H. Symington & Co., Inc. 549 
Gulf Wire Corp. 729 Weldrite Welding Products, Inc. 520 Supplies 2173 Cor-Met, Inc. 1054 
Harris Welco Div. of J.W. Thermadyne Holdings 1416 ESAB Welding & Cutting 

Harris Co. 1332 WELDING WIRE Thermal Arc A Thermadyne Co.1416 Products 807 
Intelligent Monitoring (COPPER ALLOYS) Unibraze Corp. 1965 Forges De Saint-Hippolyte S.A. 

Systems, LLC 1970 Uniweld Products, Inc. 1024 (Selectarc) 252 
Inweld Corp. 1841 Airgas 1118 Washington Alloy Co. 861 Gedik Welding Inc. 201 
Koballoy Co. 601 American Filler Metals Co. 970 Weld Mold Co. 2436 Harris Welco Div. of J.W. 
Koike Aronson Inc. 1219 Ampco Metal Inc. 1828 Weldrite Welding Products, Inc. 520 Harris Co. 1332 
Lincoln Electric Co., The 1439 Atlas Welding Accessories, Inc. 734 Wisconsin Wire Works Inc. 2109 Hobart Brothers Co. 1805 
McKay Welding Products 1805 Atlas-Raisen L.L.C. 868 Hyundai Welding Products, Inc. 882 
MG Welding Products 1954 Aufhauser Corp. 2229 ELECTRODES/ Inweld Corp. 1841 

Lincoln Electric Co., The 1439 Midalloy, Inc. (Formerly Midwest 8eijing Metals & Minerals FILLER METALS MG Welding Products 1954 
Alloys & Technology) 1829 Import & Export Corp. 2362 

Nasco Inc. 2222 Bohler Thyssen Welding Midalloy, Inc. (Formerly Midwest 
National Standard Co. 1460 USA Inc. 2006 ALUMINUM EXOTHERMIC Alloys & Technology) 1829 
Natweld-Hi Alloy Corp. 1841 C.H. Symington & Co., Inc. 549 WELDING Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding LTD 2222 Devasco Int'l, Inc. 458 Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 ESAB Welding & Cutting Erico Inc. 1943 Polymet Corp. 1870 
Polymet Corp. 1870 Products 807 Praxair, Inc. 1245 
Praxair, Inc. 1245 Eurosider SAS 2144 ALUMINUM/MAGNESIUM Robinson Technical Products 
Robinson Technical Products Harris Welco Div. of J.W. WIRE Midwest 434 

Midwest 434 Harris Co. 1332 Selectrode Industries, Inc. 722 
Sandvik Steel Co. 1824 Intelligent Monitoring Beijing Metals & Minerals Unibraze Corp. 1965 
STEIN-USA 361 Systems, LLC 1970 Import & Export Corp. 2362 Uniweld Products, Inc. 1024 
Stoody A Thermadyne Co. 1416 Inweld Corp. 1841 Washington Alloy Co. 861 
Techalloy Co., Inc. 2016 Iwatani Int'l Corp. of America 1685 CAST IRON Weld Mold Co. 2436 
Techniweld Alloys & Welding Nasco Inc. 2222 Weldmark 2253 

Supplies 2173 Natweld-Hi Alloy Corp. 1841 American Filler Metals Co. 970 Weldrite Welding Products, Inc. 520 

W E L D I N G  J O U R N A L  I 129  



COBALT 

Cor-Met, Inc. 1054 

COPPER/COPPER ALLOYS 

American Filler Metals Co. 970 
Ampco Metal Inc. 1828 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Beijing Metals & Minerals Import 

& Export Corp. 2362 
Bohler Thyssen Welding 

USA Inc. 2006 
Centerline (Windsor) Ltd. 936 
Devasco Int'l, Inc. 458 
Engelhard Corp. 2231 
ESAB Welding & Cutting 

Products 807 
Forges De Saint-Hippolyte S.A. 

(Selectarc) 252 
Gedik Welding Inc. 201 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hyundai Welding Products, Inc. 882 
I nweld Corp. 1841 
MG Welding Products 1954 
Morgan Advanced Ceramics 2409 
Natweld-Hi Alloy Corp. 1841 
Nippert Co., The 1255 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Pietro Galliani S.p.A. 2331 
Praxair, Inc. 1245 
Resistance Welding Products 

Ltd. 342 
Robinson Technical Products 

Midwest 434 
Selectrode Industries, Inc. 722 
STEIN-USA 361 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 
Wisconsin Wire Works Inc. 2109 

CORED WIRE 

Cor-Met, Inc. 1054 

ELECTRODES/FILLER METALS 
/HARDFACING/SURFACING 

Air Products & Chemicals, Inc. 1619 
American Filler Metals Co. 970 
Anval, Inc. 1768 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Cor-Met, Inc. 1054 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Forges De Saint-Hippolyte S.A. 

(Selectarc) 252 
Gedik Welding Inc. 201 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hyundai Welding Products, Inc. 882 
Inweld Corp. 1841 

Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Mitsubishi Materials U.S.A. 

Corp. 411 
Natweld-Hi Alloy Corp. 1841 
Polymet Corp. 1870 
Rankin Industries, Inc. 1355 
Robinson Technical Products 

Midwest 434 
Selectrode Industries, Inc. 722 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Techniweld Alloys & Welding 

Supplies 2173 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weartech Int'l, Inc. 643 
Weld Mold Co. 2436 
Weldrite Welding Products, 

Inc. 520 

FLUX CORED WIRE (STEEL) 

Air Products & Chemicals, Inc.1619 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
Chosun Steel Wire Co. 964 
Corex 1805 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Eurosider SAS 2144 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Hyundai Welding Products, 

Inc. 882 
Inweld Corp. 1841 
Koballoy Co. 601 
Kobelco Welding of 

America Inc. 605 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
National -Standard Co. 1460 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Stork-Herron Testing 

Laboratories Inc. 2125 
Thermadyne Holdings 1416 
Thermal Arc, A 

Thermadyne Co. 1416 
Trimark 1805 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 

Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, Inc. 520 

FLUX CORED WIRE (LOW 
ALLOY STEEL) 

Air Products & Chemicals, Inc. 1619 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
Beijing Advanced Metal Materials 

Co., Ltd. 2154 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
Corex 1805 
Devasco Int'l, Inc. 458 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hyundai Welding Products, Inc. 882 
Koballoy Co. 601 
Kobelco Welding of 

America Inc. 605 
Lincoln Electric Co., The 1439 
Machine Tools.com 1361 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
National -Standard Co. 1460 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Stork-Herron Testing Laboratories 

Inc. 2125 
Thermadyne Holdings 1416 
Trimark 1805 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 

FLUX CORED WIRE 
(NICKEL/HIGH NICKEL ALLOY) 

Air Products & Chemicals, Inc. 1619 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
Avesta Welding Products, Inc. 1057 
Bohler Thyssen Welding 

USA Inc. 2006 
Cor-Met, Inc. 1054 
ESAB Welding & Cutting 

Products 807 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hyundai Welding Products, Inc. 882 
Inco Alloys Int., IAI Welding Prod- 

ucts, ASpecial MetalsCo. 723 
Inweld Corp. 1841 
Lincoln Electric Co., The 1439 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Polymet Corp. 1870 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 

FLUX CORED WIRE 
(STAINLESS STEEL) 

Air Products & Chemicals, Inc. 1619 
American Filler Metals Co. 970 
Atlas Welding Accessories, Inc. 734 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 
Avesta Welding Products, Inc. 1057 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
Chosun Steel Wire Co. 964 
Cor-Met, Inc. 1054 
ESAB Welding & Cutting 

Products 807 
Gulf Wire Corp. 729 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Hyundai Welding Products, Inc. 882 
Inweld Corp. 1841 
Koballoy Co. 601 
Kobelco Welding of America 

Inc. 605 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
National -Standard Co. 1460 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Polymet Corp. 1870 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
Sandvik Steel Co. 1824 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 

FLUX (GAS WELDING/ 
BRAZING) 

AACCO 2068 
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Mechanizing Your Welding And Cutting 
Applications Can Save You Money! 
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MODULAR WELDING TRAVEL CARRIAGE Runs on three different rail 
systems. Mix and match components. 

CW-5 Circle Welder SE-2 

PROGRAMMABLE GANTRY 
Shape cutting. 

..~ - ~ l J  

UNI-BUG II Off track welding 
and cutting• 

~ 0 Je • / 

I 
i \ -  

. . . . . . . . . . . .  { 

Visit Us At Booths 1139 & 1141 During The April 2000 AWS Show 
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setting the pace 
all a r o u n d  t h e  w o r l d  



Now with The rmax  ® MeltSt ix  TM 

you have a choice of 91 
accurate temperature  indicators 

in both Fahrenhei t  and Cels ius ratings. 

• A C C U R A T E  • E C O N O M I C A L  

c L E A D  F R E E  • E A S Y  T O  U S E  

MeltSt ix  TM offers the weld ing industry the 
best a l ternat ive for measur ing 

p r e h e a t ,  i n t e r p a s s  and p o s t w e l d  
heat t reatment  temperatures.  

Visit Us at AWS Booth 1766 

4 Thermographic Measurements Co. 
Contact: Adrian Jeanguenin 

1 1 ~ C  P.O. Box 4398 • San Leandro, CA 94579-0398 
Tel: 510-347-4500 • Fax: 510-347-4503 

{ ~ 1 ~  e-mail:tmcusa@t-m-c.com 
Internet:http://www.t-m-c.com 

Circle No. t37 on Reader Info-Card 

Airgas 1118 ESAB Welding & Cutting 
American Products 807 

Engineering & Welding 775 Fusion Inc. 958 
Atlas Welding Accessories, Inc. 734 Harris Welco Div. of J.W. 
Aufhauser Corp. 2229 Harris Co. 1332 
Avesta Welding Products, Inc. 1057 Hyundai Welding Products, Inc. 882 
Bohler Thyssen Welding Inweld Corp. 1841 

USA Inc. 2006 La-Co Industries, Inc./ 
Controls Corp. of America 1928 Markal Co. 1116 
ESAB Welding & Cutting MG Welding Products 1954 

Products 807 Nasco Inc. 2222 
Fusion Inc. 958 Natweld-Hi Alloy Corp. 1841 
Gasflux Co. 2224 OKI Int'l, Div. of OKI Bering 1773 
Harris Welco Div. of J.W. Robinson Technical Products 

Harris Co. 1332 Midwest 434 
Hyundai Welding Products, Inc. 882 SALD-FLUX srl 2423 
Inweld Corp. 1841 Superior Flux & Mfg. Co. 1910 
La-Co Industries, Inc./ Uniweld Products, Inc. 1024 

Markal Co. 1116 
Liburdi Bimetrics 1157 FLUX (SUBMERGED ARC) 
M.Braun, Inc. 1946 
MG Welding Products 1954 Airgas 1118 
Nasco Inc. 2222 Allied Flux Reclaiming Ltd./ 
Natweld-Hi Alloy Corp. 1841 Harbert's Products Inc. 1471 
OKI Int'l, Div. of OKI Bering 1773  Arctech Welding Electrodes & 
SALD-FLUX srl 2423 Wires Ind. Inc. 2210 
Selectrode Industries, Inc. 722 Avesta Welding Products, Inc. 1057 
Solar Flux 1867 Beijing Advanced Metal 
Uniweld Products, Inc. 1024 Materials Co., Ltd. 2154 

Bohler Thyssen Welding 
FLUX (SOLDERING) USA Inc. 2006 

Chosun Steel Wire Co. 964 
AACCO 2068 Devasco Int'l, Inc. 458 
Airgas 1118 ESAB Welding & Cutting 
Atlas Welding Accessories, Inc. 734 Products 807 
Bohler Thyssen Welding Hyundai Welding Products, Inc. 882 

USA Inc. 2006 Lincoln Electric Co., The 1439 

Bug-O Systems has been showing manufacturers 
how to automate their welding applications for more 
than 50 years. We would be happy to discuss any 
applications you have in mind. 

If you have any questions or applications you'd like 
to discuss, call 1-800-245-3186 ext. 55. 

0 
Bug-O Systems 

3001 West Carson Street Pittsburgh, PA USA15204-1899 
Phone: 1-412-331-1776 Fax: 1-412-331-0383 

http://www.bugo.com o< C E 
J 

Circle No, 22 on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 1139 

MG Welding Products 1954 Intercon Enterprises, Inc. 1070 
Midalloy, Inc. (Formerly Midwest Inweld Corp. 1841 

Alloys & Technology) 1829 Lincoln Electric Co., The 1439 
Natweld-Hi Alloy Corp. 1841 Machine Tools.corn 1361 
Oerlikon Welding Ltd. 2222 MG Welding Products 1954 
OKI Int'l, Div. of OKI Bering 1773  Midalloy, Inc. (Formerly Midwest 
S.I.A.T. SPA Societa Italiana Alloys & Technology) 1829 

Acciai Trafilati 1072 Nasco Inc. 2222 
Sandvik Steel Co. 1824 Natweld-Hi Alloy Corp. 1841 
STEIN-USA 361 Oerlikon Welding Ltd. 2222 

OKI Int'l, Div. of OKI Bering 1773 
GTAW Osram Sylvania 1574 

PAC*MIG, Inc. 2060 
American Engineering & PCI Energy Services 874 

Welding 775 Polymet Corp. 1870 
American Filler Metals Co. 970 Praxair, Inc. 1245 
American Weldquip, Inc. 1258 Profax 1235 
Arc Machines, Inc. 416 Sandvik Steel Co. 1824 
Arcsmith 1612 Schwarzkopf Technologies 
Arctech Welding Electrodes & Corp. 1903 

Wires Ind. Inc. 2210 Stork-Herron Testing Laboratories 
Arc-Zone.corn 2245 Inc. 2125 
Atlas Welding Accessories, Inc. 734 Swagelok Co. 582 
Aufhauser Corp. 2229 Tatras, Inc. (d.b.a. Thermacut) 960 
Beijing Advanced Metal Techniweld Alloys & Welding 

Materials Co., Ltd. 2154 Supplies 2173 
Bohler Thyssen Welding Thermadyne Holdings 1416 

USA Inc. 2006 TUV America 2313 
C-K Worldwide Inc. 1616 Unibraze Corp. 1965 
CNl-Ceramic Nozzles, Inc. 1925 Uniweld Products, Inc. 1024 
Cor-Met, Inc. 1054 Washington Alloy Co. 861 
DAIHEN, Inc. 2201 Weartech Int'l, Inc. 643 
ESAB Welding & Cutting Weld Mold Co. 2436 

Products 807 Weldmark 2253 
Harris Welco Div. of J.W. Weldrite Welding Products, Inc. 520 

Harris Co. 1332 Wisconsin Wire Works Inc. 2109 
Hyundai Welding Products, Inc. 882 WNI 1612 
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DEVELOP SOME OF INDUSTRY'S MOST 

i 

EFFECTIVE LASER WELDING SYSTEMS. 
For fast response to your specific needs, send an e-mail directly to: 
dplourde@lasermachining.com 0r Ikotval@lasermachining.com 

800-77-LASER Somerset, WI 

SEE US AT AWS SHOW BOOTH 1628 ¢ir©le No. 86 on Reader Info-Card 

Yeeda Int'l Co. 662 Rankin Industries, Inc. 1355 
Robinson Technical Products 

IMPORTER Midwest 434 
STEIN-USA 361 

Atlas-Raisen L.L.C. 868 Techniweld Alloys & Welding 
Supplies 2173 

LOW- ALLOY, HIGH- Thermadyne Holdings 1416 
STRENGTH STEEL Trimark 1805 
Cor-Met, Inc. 1054 Unibraze Corp. 1965 

Uniweld Products, Inc. 1024 
METAL CORED WIRES Washington Alloy Co. 861 

Weartech Int'l, Inc. 643 
Air Products & Chemicals, Inc. 1619 Weld Mold Co. 2436 
Atlas Welding Accessories, Inc. 734 Weldrite Welding Products, Inc. 520 
Atlas-Raisen L.L.C. 868 
Aufhauser Corp. 2229 MILD STEEL WIRE 
BMS, Inc. 601 
Bohler Thyssen Welding Chosun Steel Wire Co. 964 

USA Inc. 2006 
Corex 1805 NICKEL 
Cor-Met, Inc. 1054 
Devasco Int'l, Inc. 458 Air Products & Chemicals, Inc.1619 
ESAB Welding & Cutting American Filler Metals Co. 970 

Products 807 Arctech Welding Electrodes & 
Harris Welco Div. of J.W. Wires Ind. Inc. 2210 

Harris Co. 1332 Aufhauser Corp. 2229 
Hobart Brothers Co. 1805 Avesta Welding Products, Inc. 1057 
Hyundai Welding Products, Inc. 882 Beijing Metals & Minerals Import 
Inweld Corp. 1841 & Export Corp. 2362 
Koballoy Co. 601 Bohler Thyssen Welding 
Lincoln Electric Co., The 1439 USA Inc. 2006 
Machine Tools.com 1361 Chosun Steel Wire Co. 964 
McKay Welding Products 1805 Cor-Met, Inc. 1054 
National Standard Co. 1460 ESAB Welding & Cutting 
Natweld-Hi Alloy Corp. 1841 Products 807 
Polymet Corp. 1870 Forges De Saint-Hippolyte S.A. 
Praxair, Inc. 1245 (Selectarc) 252 

Gedik Welding Inc. 201 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Inco Alloys Int., IAI Welding Prod- 

ucts, A Special Metals Co. 723 
Inweld Corp. 1841 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
Polymet Corp. 1870 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
Sandvik Steel Co. 1824 
Selectrode Industries, Inc. 722 
Techniweld Alloys & Welding 

Supplies 2173 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weartech Int'l, Inc. 643 
Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, Inc. 520 

OTHER FILLER METALS/ 
ELECTRODES 

Atlas-Raisen L.L.C. 868 
Beijing Metals & Minerals 

Import & Export Corp. 2362 
Bohler Thyssen Welding 

USA Inc. 2006 
Erico Inc. 1943 
Intercon Enterprises, Inc. 1070 
Titanium Wire Corp. 660 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Weldrite Welding Products, Inc. 520 

QUALIFICATION OF FILLER 
METALS 

Beijing Metals & Minerals 
Import & Export Corp. 2362 

TUV America 2313 

SOLID WIRE 

Cor-Met, Inc. 1054 

STAINLESS STEEL 

Air Products & Chemicals, Inc.1619 
American Engineering & 

Welding 775 
American Filler Metals Co. 970 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Avesta Welding Products, Inc. 1057 
BMS, Inc. 601 
Bohler Thyssen Welding 

USA Inc. 2006 
C.H. Symington & Co., Inc. 549 
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Resistance Welding Products 
Serving customers for over 40 years/ 

Products and Services Include: 
• Consumables: Gun Arms, Shanks, Tips, 

Seam Wheels, Location Pins 
• Specialized Resistance Welding Guns 

• ~ v ' t ~ n e h s a  ('~l in  R~,hl  zilH p m n r ~ m  

Circle No. 163 on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 836 

Cypress CB-1P Plasma Circle Burner 

Cypress  Weld ing has been sav ing manufac turers  
t ime and money  by making equ ipment  that burns 
accurate holes for more than 25 years.  

• • CYPRESS WELDING EQUIPMENT, INC. 
P.O. BOX 690168 • HOUSTON, TEXAS 77269 
PHONE: 1-281-469-0746 • FAX: 1-281-469-9354 
www.cyypressweld.com C E 

Circle No. 23 on Reader Info-Card 

SEE US AT AWS SHOW BOOTH 1141 

Chosun Steel Wire Co. 964 
Cor-Met, Inc. 1054 
ESAB Welding & Cutting 

Products 807 
FEMI S.R.L. 1854 
Forges De Saint-Hippolyte S.A. 

(Selectarc) 252 
Gedik Welding Inc. 201 
Gulf Wire Corp. 729 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hobart Brothers Co. 1805 
Hyundai Welding Products, Inc. 882 
Inweld Corp. 1841 
Koballoy Co. 601 
Lincoln Electric Co., The 1439 
Machine Tools.com 1361 
McKay Welding Products 1805 
MG Welding Products 1954 
Midalloy, Inc. (Formerly Midwest 

Alloys & Technology) 1829 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 
OKI Int'l, Div. of OKI Bering 1773 
Polymet Corp. 1870 
Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
Sandvik Steel Co. 1824 
Selectrode Industries, Inc. 722 
Stoody, A Thermadyne Co. 1416 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 

TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldmark 2253 
Weldrite Welding Products, Inc. 520 

STEEL 

American Filler Metals Co. 970 
Arctech Welding Electrodes & 

Wires Ind. Inc. 2210 
Atlas Welding Accessories, Inc. 734 
Aufhauser Corp. 2229 
Bohler Thyssen Welding 

USA Inc. 2006 
Cor-Met, Inc. 1054 
ESAB Welding & Cutting 

Products 807 
FEMI S.R.L. 1854 
Forges De Saint-Hippolyte S.A. 

(Selectarc) 252 
Gedik Welding Inc. 201 
Harris Welco Div. of J.W. 

Harris Co. 1332 
Hyundai Welding Products, Inc. 882 
Inweld Corp. 1841 
Koballoy Co. 601 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
MG Welding Products 1954 
Nasco Inc. 2222 
Natweld-Hi Alloy Corp. 1841 
Oerlikon Welding Ltd. 2222 

Praxair, Inc. 1245 
Robinson Technical Products 

Midwest 434 
Selectrode Industries, Inc. 722 
STEIN-USA 361 
Stoody, A Thermadyne Co. 1416 
Stork-Herron Testing 

Laboratories Inc. 2125 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
TUV America 2313 
Unibraze Corp. 1965 
Uniweld Products, Inc. 1024 
Washington Alloy Co. 861 
Weld Mold Co. 2436 
Weldrite Welding Products, Inc. 520 

TITANIUM 

Titanium Wire Corp. 660 
Unibraze Corp. 1965 

TOOL STEEL 

Cor-Met, Inc. 1054 

TUNGSTEN ELECTRODES 

Arc-Zone.com 2245 
Beijing Advanced Metal 

Materials Co., Ltd. 2154 

TUNGSTEN/CARBON 
ELECTRODES 

Beijing Metals & Minerals Import 
& Export Corp. 2362 

UNDERWATER 

Bohler Thyssen Welding 
USA Inc. 2006 

Devasco Int'l, Inc. 458 
Natweld-Hi Alloy Corp. 1841 
OKI Int'l, Div. of OKI Bering 1773 
Oxylance Corp. 1911 
PCl Energy Services 874 
Sandvik Steel Co. 1824 
Techniweld Alloys & Welding 

Supplies 2173 
Thermadyne Holdings 1416 
Tweco/Arcair, A Thermadyne 

Co. 1416 
Unibraze Corp. 1965 
Washington Alloy Co. 861 
Weldrite Welding Products, Inc. 520 

TESTING 
E Q U I P M E N T  

CUSTOMIZED 

MIM Industries, Inc., A 
Brother Co. 1822 
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4'  P ro tec ts  You r  Workers 

Eliminates: 
Dust 

Fumes 
Smoke 

Contaminates 

/ 1200-4000 CFM 

, /  Economical 

, /  Stock & Custom 

/ 8 Standard Models 

The Clean Air  Work  Stat ions have  a 500 - lO001b capac i ty  and reduce  heat  loss by fi l tering 
air back into the room. Fil ters are inc luded with each Stat ion. 

DualDraw, LLC Ca//or visit our web site for more information. ~ / 1  
5495 E. 69th Ave. 
Commerce City, CO 80022 I ) l U r A L I i ) I I ~ W  ® 
800.977.2125 

(303) 287-2125 W W W  r ~  i i ::::l I r ~  r::::llW r t~  m 
Fax: (3o3)28 .010, . . . . . . . . . . . _ . . . . . . . . . . . . . . . .  

C i r c l e  No. 46  o n  R e a d e r  I n f o - C a r d  

DESTRUCTIVE TESTING Process Equipment Co. 1941 TN Technologies 631 
EQUIPMENT TN Technologies 631 Weldship Corp. 428 

Weldship Corp. 428 
Robotic Accessories Div, OTHER TESTING 

Process Equipment Co. 1941 NDE EQUIPMENT EQUIPMENT 
Techniweld Alloys & Welding 

Supplies 2173 American Engineering & AccuData, Inc. 2032 
Welding 775 Equotip Associates 141 

GAS ANALYZERS Atlas Welding Accessories, Inc. 734 MIM Industries, Inc., A 
British Federal-North America 273 Brother Co. 1822 

COW-MAC Instrument Co. 859 Controls Corp. of America 1928 Navy Joining Center (NJC) 1456 
Dynaflux, Inc. 823 Stork-Herron Testing 

HARDNESS TESTING Equotip Associates 141 Laboratories Inc. 2125 
ESAB Welding & Cutting TN Technologies 631 

Equotip Associates 141 Products 807 
Exel Design Co. 408 REMOTE VISUAL INSPECTION 

HYDROSTATIC Expansion Seal Technologies 249 EQUIPMENT 
FIBA Technologies, Inc. 542 

Expansion Seal Technologies 249 Impact Engineering, Inc. 1955 Olympus America Inc. 710 
Intercon Enterprises, Inc. 1070 
IRT-Scanmaster Systems, Inc. 828 

METALS TESTING 
LABORATORY 

Stork-Herron Testing 
Laboratories Inc. 2125 

NDE SERVICES 

Conam Inspection Inc. 528 
EWI (Edison Welding Institute) 1456 
FIBA Technologies, Inc. 542 
IRT-Scanmaster Systems, Inc. 828 
NonDestructive Testing Group 431 
Robotic Accessories Div., 

WELD MONITORS Kistler Instrument Corp. 2066 
Krautkramer Branson 2001 AccuData, Inc. 2032 
Magnaflux 2102 
Metorex Inc. 432 
Nasco Inc. 2222 R E L A T E D  
Niton Corp. 534 P R O D U C T S  & 
Olympus America Inc. 710 
Panametrics, Inc. 328 S E R V I C E S  
Robotic Accessories Div., 

Process Equipment Co. 1941 ALLOY ANALYZER 
Sherwin, Inc. 533 
Spectronics Corp. 429 TN Technologies 631 
Staveley NDT/Conam 

Inspection 528 
StressTel 221 

AIR FILTRATION 
PRODUCTS 

TDC Filter Mfg., Inc. 2143 

AIR & LIQUID COOLED 
DIESEL ENGINES 

Briggs and Stratton Corp. 758 

AIR&LIQUID COOLED GAS 
ENGINES 

Briggs and Stratton Corp. 758 

ALIGNMENT TOOLS 

Walhonde Tools Inc. 2320 

ALLOY IDENTIFICATION 

Metorex Inc. 432 

ALUMINUM EXOTHERMIC 
WELDING 

Erico Inc. 1943 

BULK WIRE PACKAGING 

Cards Reels, Inc. 2246 
Spanco, Inc. 222 

CAD/CAM 

Burny/Cleveland Motion 
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I I 
I ~ "  VFROMTHIS!  TO THIS! 

WITHOUT GOUGING, GRINDING, 
REWELDING OR REWORK/ 

Whether it's sheet metal or heavy metal fabrication, 
whether you're welding ships, pipelines, pressure 
vessels, tanks, or structural steel, we can help you 
"WELD MORE EFFICIENTLY." 

CERBACO non-metallic weld backings let you achieve 
X-RAY QUALITY ROOT WELDS in one pass using 
most welding processes on virtually any joint prep. Our 
backings do not become part of the finished weld and 
therefore allow full penetration from one side and a 
uniform backbead of finished quality. 

T O  M A K E  S U R E  E V E R Y  D R O P  O F  
W E L D  M E T A L  D E P O S I T E D  S T A Y S  
D E P O S I T E D ,  C O N T A C T  U S  AT:  

Circle No. 29 on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 2122 

Controls Inc. 1142 Dataweld, Inc. 1155 
Deneb Robotics, Inc. 816 Deneb Robotics, Inc. 816 
Koike Aronson Inc. 1219 Impact Engineering, Inc. 1955 
Lantek Systems, Inc. 508 Intelligent Monitoring Systems, 
Machine Tools.corn 1361 LLC 1970 
Sigmatek Corp. 1172 Jetline Engineering, Inc. 1402 
Tecnomatix Technologies, Inc. 2412 Lincoln Electric Co., The 1439 
TWl 2061 Machine Tools.corn 1361 

Robotic Accessories Div., 
CLEANING EQUIPMENT Process Equipment Co. 1941 

Servo-Robot Inc. 2064 
Factory Cat 682 Sigmatek Corp. 1172 

Tecnomatix Technologies, Inc. 2412 
COLLEGE/ Trendex Information Systems 
EDUCATIONAL Inc. 562 

TWl 2061 
Ferris State University 2085 Uni-Hydro, Inc. 475 

United ProArc Corp. 1671 

COMPUTER SOFTWARE 
PRESSURE VESSEL DESIGN CONSULTING 

Codeware 746 AMET Inc. 952 
British Federal-North America 273 

COMPUTER SOFTWARE Devasco Int'l, Inc. 458 
Engelhard Corp. 2231 
Essen Trade Shows c/o GACC 857 

ABB Flexible Automation EWl (Edison Welding Institute)1456 
Welding Systems Div. 2012 FIBA Technologies, Inc. 542 

British Federal-North America 273 Koballoy Co. 601 
Burny/Cleveland Motion Lincoln Electric Co., The 1439 

Controls Inc. 1142 Machine Tools.corn 1361 
Computer Engineering, Inc. 2324 Naval Surface Warfare 
Computers Unltd. 2044 Center (NSWC) 1456 
Controls Corp. of America 1928 
C-Spec 2061 Navy Joining Center (NJC) 1456 

NonDestructive Testing Group 431 
CTR, Inc. 116 OGI/PSU 1988 

f Powerful Solutions For Welding And Cutting Automation ~1 

Precision Welding 
Automation 

Bug-O Systems has been showing manufacturers 
how to automate their welding applications for more 
than 50 years. We would be happy to discuss any 
applications you have in mind. 

If you have any questions or applications you'd like 
to discuss, call 1-8OO-245-3186 ext. 55. 

Bug-O Systems 
3OO1 West Carson Street Pittsburgh, PA USA15204-1899 

Phone: t-412-331-1776 Fax: 1-412-331-O383 
%, http://www.bugo.corn <>< C (  

II I ~  I 

Circle No, 24 on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 1139 

Pandjiris, Inc. 1813 
PCl Energy Services 874 
Praxair, Inc. 1245 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Sigmatek Corp. 1172 
Stork-Herron Testing 

Laboratoties Inc. 2125 
TUV America 2313 
TWl 2061 
Uni-Hydro, Inc. 475 
Weldline Automation, Inc. 817 
Weld-Motion Inc. 118 

CORPORATE UNIFORMS 

Triple Crown Products, Inc. 1931 

CUSTOM DESIGN LASER 
WELD SYSTEMS 

Robotic Accessories Div., Process 
Equipment Co. 1941 
CUSTOMIZED AUTOMATION 

MIM Industries, Inc., A 
Brother Co. 1822 

EDUCATION 

Belleville Area College 2088 
Colorado School of Mines 1986 
Ferris State University 2085 
Hobart Institute of Welding 

Technology 1810 

Ohio State University, The - 
Welding Engineering 2089 

Utah State University (Welding 
Engineering Technology) 1984 

ELECTRICAL PANELS 

Acme Cryogenics, Inc. 2430 

ELECTRONIC ENGINE 
MANAGEMENT SYSTEM 

Wis-Con Total Power 873 

ENGINES, GAS & DIESEL 

Briggs and Stratton Corp. 758 
Deutz Corp. 2028 
Kohler Engines 852 
Onan Corp. 301 
Wis-Con Total Power 873 

FIELD SERVICES 

Tri Tool Inc. 1128 

FILLER METAL 
QUALIFICATIONS 

TUV America 2313 

FLOW INSTRUMENTS 

Universal Flow Monitors, Inc. 2032 
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FURNACES 

Frommelt Machine Guarding 
Products 241 

GBC-America 406 
Machine Tools.com 1361 
Phoenix Int'l, Inc. 736 
Punch Press-The Metalworkers 

Market Place 556 
Schwarzkopf Technologies 

Corp. 1903 
Stork-Herron Testing 

Laboratories Inc. 2125 

GAUGING STOP SYSTEMS 

Advanced Measuring Systems 1803 

GMAW-GTAW REPAIR 
SERVICE 

Arc-Zone.corn 2245 
GMAW WIRE DEREELERS 

Accra-Wire Controls, Inc. 2032 

HAND TOOLS & POWER TOOL 
ACCESSORIES 

American Tool Companies, Inc. 305 

HARDBOARD REELS 

Cards Reels, Inc. 2246 

HEAT TREATING/STRESS 
RELIEVING 

Belchfire Corp. 2214 
Bonal Technologies, Inc. 622 
GBC-America 406 
LAI Companies 1728 
Laser Machining, Inc. 1628 
Machine Tools.corn 1361 
Mactech/Stresstech 2024 
Mannings USA, Inc. 2236 
Newtex Industries, Inc. 2348 
Phoenix Int'l, Inc. 736 
Pillar/Cycle-Dyne 731 
Praxair, Inc. 1245 
Radyne Corp. 1074 
Stork-Herron Testing 

Laboratories Inc. 2125 
TOCCO, Inc. 2004 
Wheelabrator - BCP 1217 

HVAC 

Port-A-Cool/Div. of Gen. 
Shelters 2104 

INDUCTION BRAZING 
EQUIPMENT 

Radyne Corp. 1074 

INDUSTRY RELATED 
PUBLICATION 

Industrial Machine Trader 207 

ISO 9000 CERTIFICATION 

AOQC Moody Int'l, Inc. 202 

LADDERS & SCAFFOLDING 

Nasco Inc. 2222 
Pandjiris, Inc. 1813 
Wing Enterprises, Inc. 637 

LASER JOB SHOP 

Laser Machining, Inc. 1628 
Praxair Surface 

Technologies, Inc. 1245 

METAL & ALLOY POWDER 

Winter Inc. & Co., F.W. 352 

METAL ARTWORK 

Lyall's Labors Ltd. 2090 

METALWORKING EQUIPMENT 

Arcsmith 1612 
Bluco Corp. 1170 
Centerline (Windsor) Ltd. 936 
Comac USA Inc. 871 
COMEQ, Inc. 1019 
D.L. Ricci Corp. 258 
Eagle Bending Machines, Inc. 2047 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
GBC-America 406 
Heck Industries 425 
Hougen Mfg., Inc. 1041 
ITA, Inc. 871 
Jancy Engineering Co. 1485 
LS Industries 1901 
Machine Tech Inc. 903 
Mathey Dearman 1535 
Metabo Corp. 713 
NTT 1612 
Omniturn 546 
Pangborn Corp. 267 
Peddinghaus Corp. Tool Div. 2139 
Project Tool & Die, Inc. 616 
Punch Press-The Metalworkers 

Market Place 556 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Scotchman Industries 639 
Smith Equipment 1612 
Stork-Herron Testing 

Laboratories Inc. 2125 
Taylor-Winfield Corp. 1848 
Titanium Wire Corp. 660 
Tri Tool Inc. 1128 
Trumpf Inc. 1622 
United ProArc Corp. 1671 
Unittool Punch & Die Co. 130 
Uniwetd Products, Inc. 1024 
Weld Systems Int'l Inc. 1835 
Wheelabrator - BCP 1217 
WNI 1612 

MODULAR FIXTURING 
FOR WELDING 

Bluco Corp. 1170 

MOLDING KITS 

Machine Tools.com 1361 

NAILED WOOD REELS 

Carris Reels, Inc. 2246 

NAMEPLATES AND LABELS 

Eastern Etching & Mfg. Co. 652 

NUMERICALLY CONTROLLED 
EQUIPMENT 

ARC Specialties 1767 
Bosch Automation Technology 1679 
Burny/Oleveland Motion 

Controls Inc. 1142 
COMEQ, Inc. 1019 
Jetline Engineering, Inc. 1402 
Koike Aronson Inc. 1219 
Lasag Industrial-Lasers 401 
Machine Tools.corn 1361 
Precision Welding 

Technologies, Inc. 667 
Punch Press-The Metalworkers 

Market Place 556 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Sigmatek Corp. 1172 
Weldline Automation, Inc. 817 

OTHER PRODUCTS AND 
SERVICES 

Accra-Wire Controls, Inc. 2032 
AccuData, Inc. 2032 
Acme Cryogenics, Inc. 2430 
Acme Refining Scrap Iron & 

Metal Co. 2155 
American Welder, The 2 
Amerisafe, Inc. 2275 
AOQC Moody Int'l, Inc. 202 
Arc-Zone.com 2245 
AWS Foundation 1 
Belleville Area College 2088 
Canadian Welding Bureau, a 

Div. of the CWB Group 653 
Colorado School of Mines 1986 
D.L. Ricci Corp. 258 
Eastern Etching & Mfg. Co. 652 
Erico Inc. 1943 
Essen Trade Shows c/o GACC 857 
EWl (Edison Welding Institute) 1456 
Ferris State University 2085 
Hawkins Metalworks 1989 
Hobart Institute of Welding 

Technology 1810 
Hornell Speedglas, Inc. 447 
Hydropedes Insoles 2069 
Laser Machining, Inc. 1628 
LS Industries 1901 
Lyall's Labors Ltd. 2090 
Metorex Inc. 432 
MIM Industries, Inc., A 

Brother Co. 1822 
Moore Industrial Hardware 664 
Navy Joining Center (NJC) 1456 
Ohio State University, The - 

Welding Engineering 2089 
Port-A-Cool/Div. of Gen. 

Shelters 2104 
Praxair Surface Technologies, 

Inc. 1245 
Project Tool & Die, Inc. 616 
Raddital 1317 
Radyne Corp. 1074 
Resistance Welder 

Manufacturers' Association 830 

Sculpture by Kiel 2084 
Sigmatek Corp. 1172 
Spanco, Inc. 222 
Stork-Herron Testing 

Laboratories Inc. 2125 
TDC Filter Mfg., Inc. 2143 
Tecnomatix Technologies, Inc. 2412 
Tri Tool Inc. 1128 
Triple Crown Products, Inc. 1931 
TUV America 2313 
Universal Flow Monitors, Inc. 2032 
Utah State University (Welding 

Engineering Technology) 1984 
Walhonde Tools Inc. 2320 
Weldship Corp. 428 
WEMCO 10 
Winter Inc. & Co., F.W. 352 

PIPE END PREPARATION 

American Engineering & 
Welding 775 

D.L. Ricci Corp. 258 
Expansion Seal Technologies 249 
GBC-America 406 
Georg Fischer Pipe Tools 1145 
H & S Tool, Inc. 258 
Heck Industries 425 
Jancy Engineering Co. 1485 
Kistler Machines Co. 557 
Machine Tech Inc. 903 
Machine Tools.com 1361 
Mathey Dearman 1535 
Nasco Inc. 2222 
PCI Energy Services 874 
PHI 543 
Project Tool & Die, Inc. 616 
Protein USA/CSITools, Inc. 1213 
Stork-Herron Testing Laboratories 
Inc. 2125 
Tri Tool Inc. 1128 
Trumpf Inc. 1622 
Unittool Punch & Die Co. 130 
Wachs Co., E.H. 1039 
Walhonde Tools Inc 2320 
Weld Systems Int'l Inc. 1835 
Weldline Automation, Inc. 817 

PIPE NOTCHING 

Project Tool & Die, Inc. 616 

PLASTIC REELS 

Cams Reels, Inc. 2246 

PLYWOOD REELS 

Carris Reels, Inc. 2246 

PRECIOUS METAL REFINING 

Williams Advanced Materials 2416 

PROCESS MONITORING 

Kistler Instrument Corp. 2066 

PRODUCTION ENGINEERING 
TOOLS 

Tecnomatix Technologies, Inc. 2412 

PROTECTIVE COATINGS 

Aervoe-Pacific Co., Inc. 2022 
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N e w  Exci ter  T M  

P o w e r  Source  is 
Turning Heads 
Thermal Arc's all new Exciter ~ 
welding power supply features a 
15HP Kohler* gas engine and is 
designed for both 12V and 24V battery charging. 
Exciter is the perfect solution for  CC Stick (SMAW) welding 
with a 210 a m p / l  O0% duty cycle capability. Auxiliary power 
generation is l l5VAC at 5.5k VA. The new Exciter is jus t  one 
o f  several new additions to the Thermal Arc line of  precision 
power supply products. 

Thermal Arc, Inc. www. thermalarc.com 

Don' t  Leave 
Safety  To Chance 
Victor is committed to opera- 
tor safe~. That's why we pu t  
"built-in"flashback arrestors 
and check valves into every 
torch we make. Victor's 
patented VanGuard r~ safety system gives operators opt imum 
protection every time they light up their torch. See the new 
line of"FC" series cutting torches and torch handles today. 
Why settle for  less.., and leave safety to chance. 

Victor Equipment Company www.victorequip.com 

IH£RMAL LIYN~MId 

Plasma A r c  
C u t t i n g  at  It 's Finest!  
High o u ~ u t  amperage, 
overload protection, auto-pilot 
restart, trigger latch, and a 
new ergonomic torch design 
lead the list o f  impressive featur 
tha tpu t  the new PakMaster ~ XL Plus ~ v - - 

in a class by itself. XL Plus systems are available for  
cutting l /2"  to 1 "material with speed and e~ciency 
previously unheard of. Thermal Dynamics is your clear 
"first choice in plasma" 

Thermal Dynamics Corporation www.thermal~dynamics.com 

STOODY 
N e w  High 
P e r f o r m a n c e  
Sta in less Steel  Wil 
Stoody's new line o f  f l ux  
cored Stainless Steel Wire 
available in two formul~ 
tions for  true aU-positio~ 
welding and f la t  & hori2 
tal welding needs. Featu 
include high deposition 
and efficiencies, smooth arc characteristics, low 
spatter levels, easy peeling slag, and state-of-the-art 
vacuum packaging. 

Stoody Company www.stoody.com 

 eco,, 
N e w  S p r a y M a s t e r  T M  

A i r  Cooled  M i g  Gun 
Now there's a better solution for  spray and pulse 
welding applications. Tweco's new SprayMaster ~ 
series MIG Guns come with heavy duty contact tips 
and diffusers for  optimum performance and the results 
you want  in high heat welding applications. Our new 
250, 350, and 450 amp SprayMaster r'~ guns feature 
simplified direct rear connections for  easy installation and 
are rated 80% duty cycle with Argon/C02 gases. 

Tweco Products Company www.tweco.com 

Ca G S FSrEMS 
N e w  A v i a t o r  XLT T M  

is Des igned  R i g h t -  
Pr iced Right  
Our new Aviator XLT is a f~ 
unitized p lasma/oxy fue l  c~ ...... o 
system complete with Thermal Dynamics PakMaste# ~ 
150XL plasma power supply for  under $40,000/ 
A 6 ' x  12'downdraft  table, Burny ® 1250 CNC controller, 
500 IPM PWM drive package and FastCam ® nesting software 
make the Aviator XLT perfect for  the job shop or manu- 

facturer.., at a price you can live with. See the new 
Aviator XLT and C&G Systems' other f ine cutting machine 
options today 

C&G Systems, Inc. www. cesystems.com 

Thermadyne Industries, Inc. • 101 S. Hanley Rd. • St. Louis, Mo 63105 • Phone (314) 721-5573 • Fax (314) 746-2324 • www.thermadyne.com 
VISIT US IN BOOTH 1416 AT THE AWS WELDING SHOW 
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The wire that takes you to the top 
in flux cored welding 



Kromer Cap Co., Inc. 1831 
Nasco Inc. 2222 
Praxair, Inc. 1245 
Tempil 1612 
TWl 2061 

RECTIFIER ASSEMBLIES 

American Welding Society, The 0 
Raddital 1317 

RESEARCH & 
DEVELOPMENT 

BMS, Inc. 601 
Centerline (Windsor) Ltd. 936 
Convergent Energy 2152 
CTR, Inc. 116 
EWl (Edison Welding Institute)1456 
Intelligent Monitoring Systems, 

LLC 1970 
Koballoy Co. 601 
Lockheed Martin Michoud 

Space Systems 2329 
MVE, Inc. 1816 
Naval Surface Warfare 

Center (NSWC) 1456 
Navy Joining Center (NJC) 1456 
OGI/PSU 1988 
PCI Energy Services 874 
Pulsar Ltd. 1974 
Robotic Accessories Div., 

Process Equipment Co. 1941 
Sigmatek Corp. 1172 
Tri Tool Inc. 1128 
TUV America 2313 
TWl 2061 
United ProArc Corp. 1671 
Weldline Automation, Inc. 817 
Williams Advanced Materials 2416 

RESPIRATORY 
PROTECTION 

3M Occupational Health & 
Environmental Safety 2242 

SCULPTURE/ART 

Sculpture by Kiel 2084 

SKILL TRAINING 

Hobart Institute of Welding 
Technology 1810 

SOLID STATE WELDING 

Pulsar Ltd. 1974 

STAMPED METAL REELS 

Carris Reels, Inc. 2246 

TECHNICAL TRAINING 

American Welding Society, The 0 
Arcsmith 1612 
BMS, Inc. 601 
Canadian Welding Bureau, a 

Div. of the CWB Group 653 
Divers Academy of the Eastern 

Seaboard, Inc. 2087 
Engelhard Corp. 2231 
EWl (Edison Welding Institute)1456 

Ferris State University 2085 
Hobart Institute of Welding 

Technology 1810 
Koballoy Co. 601 
Liburdi Dimetrics 1157 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
MK Products, Inc. 1452 
Navy Joining Center (NJC) 1456 
NonDestructive Testing Group 431 
OGI/PSU 1988 
PCI Energy Services 874 
Praxair, Inc. 1245 
Sigmatek Corp. 1172 
Stork-Herron Testing 

Laboratories Inc. 2125 
Swagelok Co. 582 
Texas State Technical College- 

Welding 1985 
Tri Tool Inc. 1128 
TWl 2061 
Wheelabrator- BCP 1217 

THERMAL DRILLING 

Flowdrill Inc. 420 

TRADE ASSOCIATION 

Resistance Welder Manufacturers' 
Association 830 

TRADE SHOW 
REPRESENTATION 

Essen Trade Shows c/o GACC 857 

TUBE BENDING EQUIPMENT 

Advanced Fabricating Machinery748 
Centerline (Windsor) Ltd. 936 
Comac USA Inc. 871 
Eagle Bending Machines, Inc. 2047 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
Heller's Son, Inc., E.G. 1252 
ITA, Inc. 871 
Jancy Engineering Co. 1485 
Machine Tools.com 1361 
Peddinghaus Corp. Tool Div. 2139 
PHI 543 
Punch Press-The Metalworkers 

Market Place 556 
Radyne Corp. 1074 
Reed Mfg. Co., Inc. 521 
Swagelok Co. 582 
Uni-Hydro, Inc. 475 

UNDERWATER WELDING 

Broco, Inc. 624 

UNIFORMS-AD SPECIALTY 

Triple Crown Products, Inc. 1931 

UNIVERSITY 

Ohio State University, The - 
Welding Engineering 2089 

WELD WIRE DEREELERS 

AccuData, Inc. 2032 

IS THE LACK OF A CWl 
KEEPING YOU FROM 

REACHING THE NEXT LEVEL? 
NO PROBLEM. 

The Hobart Institute offers two-week courses 
to help you prepare for the Certified Welding 
Inspector and Educator exams. While a very 
high percentage of our students pass, those who 
don't can return within six months free of charge: 

REGISTER NOW FOR ONE OF THESE 
UPCOMING TWO-WEEK SESSIONS: 

APRIL3 • MAYB ° JUNE 19 ° JULY 24 

SEPTEMBER 18 ° NOVEMBER 6 • DECEMBER 4 

Call 1-800-332-9448 
or visit www.welding,.~ 

HOBART INSTITUT' HOI~IRT"SR~rI~ER~ g 

Cirole No. 67 on Reader info-Card 
SEE US AT AWS SHOW BOOTH 1810, 2086 
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SMART Portable X-Ray Systems 
Highest Quality 

Withstands Extreme Conditions 

- Short exposure t imes 

- Low we igh t  

- 100O/o duty  cycle 

- High re l iab i l i ty  

YXLON 
International 

With systems ranging f rom 160kV to 

300kV, we meet your needs. Contact us. 

~ Z  ¸ ; 

YXLON International Inc. * 3400 Gilchrist Road • Akron, Ohio 44260-1221 • USA 
Phone: 330.798.4800 • Fax: 330.784.9854 • http://www.yxlon.com 

WELDABLE STAMPING 
LUBRICANTS 

Metal Mates, Inc. 237 

WELDING CONSULTATION 

Stork-Herron Testing 
Laboratories Inc. 2125 

WELDING PUBLICATIONS 

American Welding Society, The 0 
British Federal-North America 273 
Fabricating Equipment News 219 
Gases & Welding Distributor 522 
Industrial Machinery Digest 219 
Kromer Cap Co., Inc. 1831 
Lincoln Electric Co., The 1439 
Machine Tools.corn 1361 
MAN - Modern Applications 

News 1952 
Metal Forming Magazine 856 
Photonics Spectra 1735 
Practical Welding Today/ 

The FABRICATOR 618 
Punch Press-The Metalworkers 

Market Place 556 
TWl 2061 
Welding Design & Fabrication 522 
Welding Journal, The 2 

WIRE BASKET REELS 

Carris Reels, Inc. 2246 

WORK CELLS 
Jesco Industries Inc. 510 

Cirole No. 148 on Reader  Info-Card 

WORKERS' CML USA, Inc. 2072 
COMPENSATION INS. Comac USA Inc. 871 

COMEQ, Inc. 1019 
Amerisafe, Inc. 2275 Eagle Bending Machines, Inc. 2047 

Edwards Mfg. Co. 956 
Foremost Machinery Corp. 1765 

METAL WORKING Formdrill-Oiv. of Foremost 
EQUIPM ENT Machinery 1866 

HACO-Atlantic, Inc. 839 
ANGLE BENDING Heller's Son, Inc., E.G. 1252 

ITA, Inc. 871 
Comac USA Inc. 871 Machine Tools.corn 1361 
ITA, Inc. 871 MegaMfg./Piranha-AIIsteel 1028 

Peddinghaus Corp. Tool Div. 2139 
ANGLE ROLLS Punch Press-The Metalworkers 

Market Place 556 
Eagle Bending Machines, Inc. 2047 Scotchman Industries 639 
Heller's Son, Inc., E.G. 1252 Simplex Div. Templeton, 

Kenly & Co., Inc. 402 
Uni-Hydro, Inc. 475 

BAN DSAWS United ProArc Corp. 1671 
Unittool Punch & Die Co. 130 

Hyd-Mech Saws 435 

BLAST CLEANING BEAM CAMBERING/ 
STRAIGHTENING Jet Wheelblast Equipment 2328 

Pangborn Corp. 267 
Heller's Son, Inc., E.G. 1252 Wheelabrator- BCP 1217 

BENDING COIL STRIP DEREELERS 

World Machinery & Saws Accra-Wire Controls, Inc. 2032 
System Co. 2110 

CUSTOMIZED AUTOMATION 
BENDING & SHEARING 

MIM Industries, Inc., A 
Advanced Fabricating Machinery748 Brother Co. 1822 
Centerline (Windsor) Ltd. 936 

DEBURRING 

H & B Distributors 1130 

DRILLING 

Hougen Mfg., Inc. 1041 

END PREPARING TOOLS 

Walhonde Tools Inc. 2320 

IMPORTER 

Atlas-Raisen L.L.C. 868 

IRONWORKERS EQUIPMENT 

Armstrong-Blum Mfg. Co. 974 
Edwards Mfg. Co. 956 
Heller's Son, Inc., E.G. 1252 

MAGNET-BASE DRILL/ANNU- 
LAR CUTTERING 

Hougen Mfg., Inc. 1041 
Universal Drilling & Cutting 

Equipment, Ltd. 322 

OTHER METALWORKING 
EQUIPMENT 

Accra-Wire Controls, Inc. 2032 
ADF Systems, Ltd. 2161 
Advanced Measuring Systems 1803 
ArcOne 846 
Atlas-Raisen L.L.C. 868 
Comac USA Inc. 871 
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Eagle Bending Machines, Inc. 2047 
Edwards Mfg. Co. 956 
FormdrilI-Div. of Foremost 

Machinery 1866 
H & B Distributors 1130 
Heller's Son, Inc., E.G. 1252 
Hougen Mfg., Inc. 1041 
Hyd-Mech Saws 435 
ITA, Inc. 871 
Jancy Engineering Co. 1485 
Jet Wheelhlast Equipment 2328 
Kistler Instrument Corp. 2066 
Koike Aronson Inc. 1219 
LS Industries 1901 
MAN - Modern Applications 

News 1952 
Mega Mfg./Piranha-AIIsteel 1028 
MIM Industries, Inc., A Brother 

Co. 1822 
Pangborn Corp. 267 
Peddinghaus Corp. Tool Div. 2139 
Project Tool & Die, Inc. 616 
Pulsar Ltd. 1974 
Walhonde Tools Inc. 2320 
Wheelabrator - BCP 1217 
WireCrafters Inc. 2314 
World Machinery & Saws 

System Co. 2110 

PARTS WASHERS 

ADF Systems, Ltd. 2161 

PLATE ROLLS 

Eagle Bending Machines, Inc. 2047 
Heller's Son, Inc., E.G. 1252 
Mega Mfg./Piranha-AIIsteel 1028 

PLATE SHEARS 

Heller's Son, Inc., E.G. 1252 

POWERED AIR PURIFYING 
RESPIRATORS 

ArcOne 846 

PRESS BRAKES 

Heller's Son, inc., E.G. 1252 

PRESSES 

Eagle Bending Machines, Inc. 2047 

PUBLICATION 

Industrial Market Place 422 
MAN - Modern Applications 

News 1952 

RESPIRATORY PROTECTION 

ArcOne 846 

ROLL FORMING EQUIPMENT 

American Cap Co. Inc. 2101 
CML USA, Inc. 2072 
COMEQ, Inc. 1019 
Cooper Power Tools 635 
Eagle Bending Machines, Inc. 2047 
Jancy Engineering Co. 1485 

Machine Tools.corn 1361 
Peddinghaus Corp.Tool Div. 2139 
Polymet Corp. 1870 
Punch Press-The Metalworkers 

Market Place 556 

SAWS 

Pat Mooney, Inc, 766 

SHEET METAL WORKING 
EQUIPMENT 

British Federal-North America 273 
CML USA, Inc. 2072 
Comac USA Inc. 871 
Eagle Bending Machines, Inc. 2047 
Flowdrill Inc. 420 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
HACO-Atlantic, Inc. 839 
Heck Industries 425 
Hougen Mfg., Inc. 1041 
ITA, Inc. 871 
Lantek Systems, inc. 508 
Machine Tools.corn 1361 
Mega Mfg./Piranha-AIIsteel 1028 
Peddinghaus Corp. Tool Div. 2139 
Punch Press-The Metalworkers 

Market Place 556 
Taylor-Winfield Corp. 1848 
Trumpf Inc. 1622 
Uni-Hydro, Inc. 475 
United ProArc Corp. 1671 
W. A. Whitney Co. 2233 

SHOT BLASTERS 

Viking Corp. 2030 

STAMPING & PUNCHING 
EQUIPMENT 

American Cap Co. Inc. 2101 
Centerline (Windsor) Ltd. 936 
C0MEQ, Inc. 1019 
Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 
HACO-Atlantic, Inc. 839 
Heck Industries 425 
Hougen Mfg., Inc. 1041 
Machine Tools.corn 1361 
Mega Mfg./Piranha-AIIsteel 1028 
Nitto Kohki 1148 
Peddinghaus Corp.Tool Div. 2139 
Project Tool & Die, Inc. 616 
Punch Press-The Metalworkers 

Market Place 556 
Scotchman Industries 639 
Simplex Div., Templeton, 

Kenly & Co., Inc. 402 
Unittool Punch & Die Co. 130 
W. A. Whitney Co. 2233 

STEELWORKERS 

Peddinghaus Corp. Tool Div. 2139 

SUPPLIED AIR SYSTEMS (SA) 

ArcOne 846 

DOES YOUR 
WELDING TRAINING 

MEASURE UP TO 
INDUSTRY STANDARDS? 

Put 70 years of  world-class welding training 
experience from the Hobart Institute of Welding 
Technology® to work for you. 

• Comp[ete curdcutum materiats on art major processes. 

•/Vlodu[ar design. 

• Close-up shots of the welding arc high|ighting 
proper technique. 

• Easy-to-follow "how-to" student workbook design. 

• Comprehensive instructor guides. 

• Based on AW5 S.E.N.S.E. objectives, with standard 
AWS terms and definitions used throughout. 

• We[ding software (We[d_lT °) for compe[[ing 
presentations, custom handouts, procedure 
specifications, and more. 

For  m o r e  in fo rma t ion  call 
800-332-9448, ExL 5433 

or visit www.welding.__Q~ 

HOBART INSTITUT]~ 
OF WELDING TECHNOLOGY la 

WorM-Class Training from a WorM.Class Institution 
© 2000 Hob~ Im~tute of Welding Te~ImoloBy 

SEE US AT AWS SHOW BOOTH 1810, 2086 
Circle No, 68 on Reader Info-Card 
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Attention: High-Purity Welders 
Oxygen analysis 

doesn't have to be 
complicated or expensive. 

Control l ing oxygen concentrat ions in high-puri ty 
weld ing is absolutely critical. That 's why we've 
designed an oxygen analyzer  that can handle 
the demands of this application. 

• Measures  0 - 2000 ppm oxygen 
• Super  fast response time, 15 seconds to 90% final va lue 
• Uses long-l i fe zirconia ox ide sensor  
• Sensor  has up to 5 years  operat ional  life, unl imited shelf  life 
• Low main tenance sensor, will not dry out or f reeze 
• Simple operat ion, with accessor ies for  var ious appl icat ions 
• Lowest  cost oxygen  ana lyzer  on the market  

_I'~. 

Ci rc le  No.  1 0 2  on  R e a d e r  I n f o - C a r d  
a m =  

THERMAL DRILLING 

• • Standardized to ASTM A 9 5 6 - 9 6  • • 

ess Tester 

Foremost Machinery Corp. 1765 
FormdrilI-Div. of Foremost 

Machinery 1866 

TOOLING RELATED 
TO PIPE & TUBING 

Project Tool & Die, Inc. 616 

TURRET PUNCH PRESSES 

HACO-Atlantic, inc. 839 

WELDING POSITIONERS 

Koike Aronson Inc. 1219 

WIRE PARTITION 

WireCrafters Inc. 2314 

acy _ 0.5% 
;uring range 
i to HV-HRC-HB-HS 
mean value 

.tion at a glance 

in any dire~ion 
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Scorcher Welders from MQ Power 

Diesel 
powered 

Gas Dowered 

diesel Only from MQ Power. 

The portable welders  you 've  d reamed  
about are now a reality Scorcher Welders 
have every feature and convenience you 
could ask for. 

Weld anything, anywhere.  Very stable DC 
arc performance for both DC constant  
current and DC constant voltage - -  even 
with wire sizes down to .030. Extremely 
clean AC power - -  the best in the industry. 

Ultra qu ie t .  S c o r c h e r  Welders  are  
we lcomed  in residential areas, hospital 

. . . . . .  1 on the construction site. 

vith no brushes to worry about, 
hines are virtually maintenance- 

pera t ing  cost .  Fuel efficient 
gines for maximum efficiency 

~,vailable in sizes from 225 to 
~00 amps,  in gas and diesel 
:onf igura t ions ,  your  d r e a m  
m a c h i n e s  are  here .  F rom 
MQ Power. Call, fax, e-mail or 
write for information. 

MQ POWER CORR 
A D/V/S/ON OF MULTIQUIP INC. 
POST OFFICE BOX 6254 ° CARSON, CA 90749 
310-537-3700 = 800-883-2551 ° FAX: 310-632-2656 
E-MAIL: mq@multiquip.com ° VWVW: multiquip.com 

Manufactured by Denyo Ltd. SCORCH T M  the Dragon is a registered t rademark of Ronn Lucas / "LEMME OUT!" Product ions Inc. 
Circle No. 149 on Reader Info-Card SEE US AT AWS SHOW BOOTH 1682 
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On TIG Welding Products rom China 
[ZJ T u n g s t e n  E lect r  

G r o u n d  f in ish  t u n g s t e n  

EWTh-2 
AWS A5.12 (Red) 

1% Ytteriated tungsten e|ectrodes are a|so available. 

EWP EWCe-2 EWLa-1 I EWZr-1 
(Green) (Orange) (Black) I (Brown) 

~:--~-. O A l u m i n a  N© 
Insu la to rs  1 
P L A S M A  W, 

A53N24-27, 54N 
57N74-75, 53NK 

,. ~ 54N15L-17L, 14t 
;:~?~v3040079-23040C 

C~"L- . Special drawing 

,.I~,~D Tungsten ,  ! 
, ~,. P o w d e r s  ol 

Spray ing  

:~,,~.~[~1 Flux.Cored~ 
We ld ing  
E71T-1 according to AWS A~20  or 

~ ~ ~?~ .XFW-24 according t" nq 7~1r4 
which has received 

T i t a n i u m  and  M a g n e s i u m  Wire  for  We ld ing  
:~/~!" ERTi-1, -2 (pure titanium) or ERTi-! t o  

ER AZ61A according -" 

. ~" _ Lloyd's Register of . . . .  
/ ( A m e r i c ~  Bureau of Shipping) . . . . .  ~ Fu, 

-~ D N V  (Det NoFske Veritas) and • "' ~" FS-] h has received 
GL (Germanischer%loyd);, etc._, "-~_~ ~"  the ~-~ 

Beijing Metals & Minerals Import Export Cor~ 10) 
No.5 Fangzhuang Lu, Zuoanmenwai, Beijing, 10) 
E-mail: bjmetals@public.bta.net.cn , ~ ,  

S E E  U S  AT A W S  S H O W  B O O T H  2 3 6 2  ~r +# Cirole No, t 5 6  on Reader  + , ~L 



2000 AWS International Welding and Fabricating Exposition 

EXHIBIT HIGHUGHTS 
McCormick Place 

2301 S. Lake Shore Dr. 
Chicago, III. 

April 26-28, 2000 

Th is  a l p h a b e t i c a l  l is t ing of e x h i b i t o r s  in the  2 0 0 0  A W S  I n t e r n a t i o n a l  W e l d i n g  E x p o s i t i o n  o f fe rs  a p r e v i e w  of  
w h a t  wi l l  be d i sp layed  in each  booth .  T h e  boo th  n u m b e r s  l isted can be used in con junc t ion  wi th the  s h o w  f loor  
p lan  on p a g e s  9 2 - 9 3  to p i n p o i n t  the  l o c a t i o n  of a pa r t i cu l a r  exh ib i t .  W E M C O  and  A W S  S u s t a i n i n g  M e m b e r  
C o m p a n i e s  are  h igh l igh ted  in color.  

AACCO 2068 
5220 N. 125th, Butler, Wl 53007 
(262) 781-7160; FAX (262) 701-3558 
www.aaccobraze.com 

AACCO will exhibit its complete 
line of brazing and soldering 
fluxes, which is composed of the 
Kwikflux and Xcel Flux product 
lines, along with various braz- 
ing alloys in many forms such 
as wire, strip, paste, powder and 
preformed shapes. Samples, 
showing porosity-free welds, 
will be displayed that were 
coated with its weld-through, 
preconstruction primer Deoxa- 
luminite. Also on display will be 
sample parts brazed using the 
company's flux and alloys. 

ABB Fie: 
Welding 
Div. 
4600 Innovat on Dr 
F ~ l l i n $ ,  CO 80525 
~ 7 6 0 0 ;  FAX (970) 225-7700 
~ .com/usa  

ABB will introduce a new 
FlexArc@ compact arc welding 
cell featuring the new IRB 140 
robot with a new S4Cplus con- 
troller. The robot can be 
mounted on the floor, wall or in- 
verted, and has a 29-in.-radius 
work envelope. Another new 
FlexArc featuring a manual in- 
dexing work table will also be 
displayed. In addition, the Bulls- 
Eye@ automated robot calibra- 
tion system and RobotStudio TM 

digital plant technology soft- 
ware will be demonstrated. 

ABICOR Binzel  1064 
650 Research Dr., Ste. 110 
Frederick, MD 21703 
(301) 046-4196; FAX (301) 846-4497 

ABICOR Binzel will show its ex- 
tensive line of semiautomatic, 
automatic and robotic GMA 
welding guns and GTA welding 
torches, plus robotic peripher- 
als in action on a working robot. 
Products on display will include 
the new ALPHA Series of air- 
cooled GMAW guns and VTS 
(variable torch system) modu- 
lar robotic guns. Technical per- 
sonnel will be on hand to an- 
swer questions and to recom- 
mend products for specific ap- 
plications. 

Abmast Abrasives 
Corp. 348 
4025 Welcome All Rd., Ste 110 
Atlanta, GA 30349 
(404) 629-2160; FAX (404) 629-0245 

Abmast will highlights its line of 
bonded abrasives, cut-off and 
and grinding wheels, diamond 
blades, wire brushes, fiber discs 
and floor maintenance prod- 
ucts. 

Accra-Wire Controls, 
Inc. 2032 
10891 Northland Dr. NE 
Rockford, MI 49341 
(616) 866-3434; FAX (816) 866-9468 
www.acrelnc.com 

AccuData, Inc. 2032 
9700 Myers Rd., Clarklake, MI 49234 
(517) 529-4995; FAX (517) 5294996 

Ace Industrial 
Products 424 
5043 Farlin Ave., St. Louis, MO 63115 
(800) 049-1472; FAX (314) 385-3254 
www.associatedequip.com 

Acme Cryogenics, 
Inc. 2430 
2801 Mitchell Ave. 
Allentown, PA 18103 
(610) 966-4488; FAX (610) 791-2837 
www.acmecryo.com 

Acme Refining Scrap Iron 
& Metal Co. 2155 
3357 S. Justine, Chicago, IL 60608 
(773) 523-4500; FAX (773) 523-7283 

ADF Systems, Ltd. 2161 
1302 19th St. N., P.O. Box 278 
Humboldt, IA 50548 
(800) 959-1191; FAX (000) 798-5100 
www.adfsys.com 

ADF will display its family of 
aqueous parts washing equip- 
ment. The line includes rotary 
baskets, top- and front-load 
models; manual tank-type mod- 
els; pass-through, tumbler style, 
glovebox and agitation dip 
tanks; and drawer-type, auger- 
style, spray booth and conveyor 
washers. Also on display will be 
equipment suited for cleaning 
operations before or after weld- 
ing or machining, assembly, fab- 
rication or other requirements. 
Factory personnel will be avail- 
able to answer questions. 

Advanced Fabricating 
Machinery 748 
No. 65 Route 125, Kingston, NH 03848 
(603) 642-4906; FAX (603) 642-4813 
www.advancedfab.com 

Advanced Fabricating Machin- 
ery will showcase its latest 
tube/pipe bending technology. 
On display will be empty ben- 
ders, mandrel benders, end for- 
mers, portable benders, horizon- 
tal press benders, ram benders, 
high-speed benders and multi- 
process transfer lines. Person- 
nel will answer questions regard- 
ing your bending application. 

Advanced Kiffer Systems 
Inc. 1274 
15666 Snow Rd. 
Cleveland, OH 44142-2351 
(216) 267-0101; FAX (216) 267-8182 
www.aks-inc.com 

Advanced Measuring 
Systems 1803 
1202 N. Wooster Ave. 
Dover, OH 44622 
(330) 602-1203; FAX (330) 343-7050 

Aervoe-Pacific Co., 
Inc. 2022 
1198 Mark Circle 
Gardnervllle, NV 89410 
(775) 782-0100; FAX (775) 782-4027 

Aervoe-Pacific will exhibit its 
line of paints, coatings, lubri- 
cants and chemicals. High- 
lighted will be the company's 
Anti-Spatter, which was specifi- 
cally developed for the welding 
industry. It is a nonflammable, 
temporary film that keeps weld- 
ing tips and nozzles clean and 
leaves a transparent yellow, 
tacky film that visually confirms 
proper coverage. It cleans up 
quickly with a brush. 
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Affinity Industries 
Inc. 2428 
775 Rt. 16, P.O. Box 1000 
Ossipee, NH 03864 
(603) 539-3600; FAX (603) 539-8484 
www.AffinityChillers.com 

Air Products and Chemicals will 
introduce a new family of weld- 
ing gases - -  Ferromaxx TM and 

Alumaxx TM for aluminum and In- 
omaxx TM for stainless steel - -  
designed to increase weld 
speed, enhance weld quality and 
improve productivity. Also, a new 
Integra TM cylinder that is lighter, 
smaller, more stable and able to 
hold more gas than traditional 
cylinders will be introduced as a 
portable, optimized flow alterna- 
tive for shielding gas delivery. 

A i r f low Systems, Inc. 264 
11370 Pagemlll Rd., Dallas, TX 75243 
(214) 503-8008; FAX (214) 503-9596 
www.airflowsystems.com 

Airflow Systems will offer infor- 
mation on how to solve the 
many air and dust problems 
from welding manufacturing 
processes. Highlighted will be 
compact portable units, com- 
plete environmental control 
booths, total ambient air clean- 
ing systems, central dust collec- 
tion systems, downdraft tables, 
low-pressure source pickup 
hoods and high-pressure vac- 
uum systems. Personnel will 
also provide hands-on applica- 
tion demonstrations. 

AdapTABLE 
• Ideal for prototypes and 

short runs 
• Build lO0's of fixtures 

with one kit 

RepeaTABLE 
• Flat and square 0.0004"/ft. 
• Bore location _+ 0.001" 

ProfiTABLE 
• Double production without 

adding people 

User's Love Their Modular Fixturing Systems 
with"~2 Demmeler 4,500 obsoletesystems,,fixtures t [1 It tt I 

'I; ~; f hltltltl :r'r'r'r , Construction EquipmentMfr ;tit;I;I I :,~ ~ ,~ 

"Doubled our prototype production and .~.~-~, 
doubled our quality!" 

Commercial Lawn Mower Mfr ~ ~ ~" ~" 

"Our three systems have 12aid for "~l.l.i-.l'~_~ ' ~" ' ~ "~, ,.~.,~"~ ~ ' 
themselves 10 times over" ~ - ~ . : ~ . . ~  ~ 

Medium sized job shop Pat. No. 5,318,284 

,,,-I.~..~,~', BLUCO CORPORATION 
"~'~ ..!~:,.~ M odu lar  F ix tur ing  Specialists ~ ~  

~g 8OO.535.0135 www,bluco.com Welding 

SEE US AT AWS SHOW BOOTH 1170 
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Airgas 1118 
259 Radnor-Chsster Rd. 
Radnor, PA 19007 
(610) 902-6271; FAX (610) 225-7263 
www.airgas.corn 

AlcoTec Wire will showcase its 
line of premium-quality alu- 
minum welding, brazing and 
thermal spraying wire. The 
company produces all regis- 
tered filler alloys for welding, in 
many sizes and packages. The 
company maintains rigorous 
statistical control over the entire 
manufacturing process with 
product traceability from the 
mine to individual spools. It will 
showcase its production meth- 
ods, including a mechanical 
shaving process for aluminum 
wire that produces a high-qual- 
ity surface free of surface ox- 
ides and abnormalities and the 
latest diamond wire drawing 
technology. The company's 
wire feedability process for 
welding wire ensures uniform, 
uninterrupted feeding of the 
filler metal through the welding 
equipment. 

Al l ied Flux Reclaiming, 
LtdJHarbert's Products 
Inc. 1471 
501 S. Cedar Lane 
Greencsstle, PA 17225 
(800) 377-3103; FAX (717) 597-1717 
www.recyclefiux.com 

Allied Flux Reclaiming will exhibit 
its custom, closed-loop SAW 
flux/slag recycling equipment. 
Personnel will explain how the 
equipment returns the slag gen- 
erated as recycled flux, which is 
environmentally friendly, performs 
with less dust and helps the user 
save money. Third-party testing 
is available for AWS, ASME and 
CWB welding applications. 

Alphatex Co. 2059 
No. 829, Chung Wha Rd. 
Sec.1, Chung LI, Tao-Yuan Hsien 
Ta|wan, R.O.C 
006 3 4610505; FAX 886 3 4612504 
www.alphatex.corn.tw 

America Fortune, 
Co. 2003 
10107 Duchamp Dr. 
Houston, TX 77036 
(713) 774-5606; FAX (713) 774-1763 

America Fortune will display 
gas cylinders manufactured by 
Beijing Tianhai Industry Co., the 
largest gas cylinder manufac- 
turer in China, for which it is the 
exclusive agent. The company 
has imported DOT and TC gas 
cylinders for industrial and med- 
ical use since 1995, and it pro- 
vides customers with DOT or 
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TC test report and product lia- 
bility insurance for each gas 
cylinder. Engineers from the 
manufacturer will be on hand to 
answer questions. 

American Cap Co., 
Inc. 2101 
15 Church St., Whestland, PA 16161 
(724) 981-4461; FAX (724) 981-4495 

American Engineering & 
Welding 775 
8030 E. 47th St. 
Indianapolis, IN 46226 
(317) 541-8343; FAX (317) 545-8129 
www.am-eng-welding.com 

American Welder, 
The 0007 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(305) 443-9353; FAX (306) 443-7559 

American Welding 
Society 0001-0009 
550 N.W. LeJsuns Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 
www.aws.org 

Certification. Visit the Certi- 
fication Department booth and 
learn about the many certifica- 

tion programs now available 
from AWS. Details and applica- 
tion information will be available 
for the Senior Certified Welding 
Inspector, Certified Welding In- 
spector, Certified Welding Edu- 
cator, Certified Welder, Accred- 
ited Test Facility and AWS NDE 
Inspector certification programs. 

Conferences. AWS confer- 
ence proceedings are available 
for purchase. Pick up the sched- 
ule of future AWS conferences 
and the latest conference 
brochures. 

Education Get Educated! 
Visit the Education booth and 
receive information on seminars 
designed to prepare the welder 
for Certification. Learn all about 
the highly publicized S.E.N.S.E. 
program and ways to become a 
participating organization. Do 
you want to study at home? 
Now you canf Get answers 
about the Home Study Program 
intended for individuals who 
want to study at their own pace 
and in the comfort of their own 
home. Does your company 

American Filler M e ~  
c o  . . . . . .  
soso Donoho St: ;Ho.~,  T X ' ~  

~ 6 4 9 - 8 7 8 5 ;  FAX (713) 644-9628 

~ mfUler.com 

American Laser 
Spares 2157 
24730 Crestvlew Ct. 
Farmington Hills, MI 45338 
(246) 474-5216; FAX: (240) 474-9277 
www.americanlassr-sparss.com 

American Saw & Mfg., 
CoJLenox 854 
301 Chestnut St. 
East Longmeadow, MA 01028 
(500) 628-3030; FAX (413) 525-8867 
www.lenoxsaw.com 

American Society for 
Nondestructive Testing, 
Inc. (ASNT), The 534 
1711 Arlingate Lane 
Columbus, OH 43226.0518 
(614) 274-6003; FAX: (614) 274-6099 
www.asnt.org 

American Tool 
Companies, Inc. 305 
701 Woodlands Pkwy. 
Vernon Hills, IL 60061 
(800) 866-5740; FAX (937) 302-6199 
www.americantool.com 

American Tool will highlight its 
Record® forged, plated screw 
welding clamps and Vise-Grip~ 
9DR and 9SP locking C clamps. 
The Record clamps feature a 
copper-plated pad and acme 
thread screw that resists spat- 
ter buildup. The Vise-Grip 
clamps offer an extra throat 
width and depth of 3½ and 4¾ 
in., respectively; their greater 
reach and flex allow a range of 
sizes to be clamped without 
changing the adjusting screw. 

American 
Co. 
6212 29th St. E. 
Bradenton FL 34203 

} a:753-7557; FAX (941) 7536917 
msricantorchtip.com 

American Welder 
Repair 2432 
9026 Kautzman Rd. No. 30 
Billings, MT 69101-6102 
(406) 656-7913; FAX (406) 652-0215 
www.amwr.com 

SEE US AT AWS SHOW BOOTH 2064 C i r c l e  No .  1 2 3  on  R e a d e r  I n f o - C a r d  
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need to certify welders on site? 
Through the In-House Program 
we can certify welders right in 
your own facility. Experience 
the ambiance of a smaller class 
and the instruction of an expert 
in the field. This In-House pro- 
gram is customized to fit your 
needs. While at the booth, don't 
forget to ask about the new pro- 
grams being developed to fur- 
ther advance your career. Free 
samples of Education literature 
will be available. 

Foundation. The AWS 
Foundation booth will feature in- 
formation about its mission and 
programs. District and National 
scholarship applications will be 
available, as well as applica- 
tions for the Praxair Interna- 
tional Scholarship and the Stu- 
dent Loan Program. Engineer- 
ing Your Future instructor 
guides and Section Hole-in-One 
contest information can also be 
obtained. The Foundation's 
successful year will be de- 
scribed in the booth display 
along with recognition of our 
donors. Representatives will be 
on hand to answer questions 
and discuss such grassroots 
fund-raising programs as Sec- 
tion Investment Agreements, 
corporate gift interests and in- 
dividual gift planning. Look for 
some special activities includ- 
ing an adventurous and memo- 
rable ride in a flight simulator. A 
repeat from last year will be the 
"Relaxation Station," where a 
staff of trained massage thera- 
pists will soothe showgoers' 
sore muscles. 

Membership. Win valuable 
prizes by renewing your AWS 
membership at the Show! When 
you join or renew, your name is 
entered into our drawing. Draw- 
ings will be held throughout the 
week, increasing your chances 
of winning. New members will 
get 20% off when they join. 
Plus, knowledgeable staff will 
be on hand to answer all of your 
questions. 

Publications. Browse the lat- 
est AWS technical books, au- 
diovisuals and standards at the 
Publications Booth. Sample 
copies are available and staff 
will be on hand to take your 
order. 

Welding Journal is AWS's 
official monthly magazine, 
specifically serving the welding 
and joining processes industry. 
It includes practical articles, 
welding product news, industry 
developments, AWS news, re- 
search papers, advertisements 
and much more. Winner of nine 
editorial awards in 1999, includ- 
ing Best-Written Magazine and 
Best In-Depth Reporting. Also 

featured will be The American 
Welder, the Welding Journal's 
new stand-alone supplement 
written specially for the hands- 
on welder. 

Inspection Trends - -  The 
Magazine for Materials Inspec- 
tion and Testing Personnel will 
also be featured. Launched in 
1998, this AWS magazine serves 
the entire nondestructive exami- 
nation industry, including all AWS 
Certified Welding Inspectors. 
Pick up a copy of all three mag- 
azines and meet editorial and ad- 
vertising staff members in Booth 
0009. 

American Weldquip, 
Inc. 1258 
P.O. Box 397 
Sharon Canter, OH 44274-0397 
(330) 239-0317; FAX (330) 239-0031 
www.weldquip.com 

American Weldquip will exhibit 
its complete line of air- and 
water-cooled, hand-held, auto- 
matic and robotic GMA welding 
guns. New product develop- 
ments include robotic torch con- 
version packages that feature 
rigid mounting brackets with in- 
tegral tool-center-point mainte- 
nance features and a complete 
line of water-cooled automatic 
and robotic guns redesigned to 
significantly reduce the mainte- 
nance typically associated with 
water-cooled GMAW guns. The 
exhibit will also include demon- 
strations of the Tig-Point longi- 
tudinal tungsten electrode 
grinder. 

Amerisafe, Inc. 2275 
2301 Highway 190 W. 
DeRIdder, LA 70634 
(800) 897-9719; FAX (800) 450-1091 

Ameritherm Inc. 2043 
39 Main St., Scottsvllle, NY 14549-0901 
(716) 689-9000; FAX (716) 689-4030 
www.smerltherm.com 

Ameritherm, a specialist in 
solid-state RF induction heat- 
ing, will exhibit the new Atmo- 
spheric Brazing System (ABS). 
ABS cleanly brazes individual 
silver, copper and brass alloy 
parts in an inert atmosphere 
without oxidation, carbon 
buildup, flux or acid cleaning 
baths. The system, designed for 
in-line operation, brazes up to 
48 parts/min at 1450-2200°F. 
A convenient touch screen in- 
terface provides automatic op- 
eration with complete manual 
override. 

AMET will display ArcSense, its 
latest weld monitoring system. 

This high-speed monitoring sys- 
tem performs real-time quality 
assessments with outstanding 
graphical displays. The system 
can be networked and will moni- 
tor multiple arcs. The latest AD- 
VENT welding process control 
system will also be displayed. 
The company's turnkey welding 
systems provide complete pro- 
grammed control of welding pa- 
rameters and multi-axis coordi- 
nated motion. Graphical program 
creation, integrated real-time 
video display, high-speed data 
acquisition and sophisticated 
data analysis are available. 

Ampco Metal Inc. 1828 
P.O. Box 2004, Milwaukee, Wl 53201 
(414) 645-3750; FAX (414) 645-6466 
www.ampcometal.com 

Ampco Metal will exhibit copper 
alloy arc welding electrodes, filler 
metal and spooled wire for join- 
ing and surfacing applications in- 
volving wear, impact and corro- 
sion. Products to be featured are 
available in aluminum bronze, 
nickel-aluminum bronze, man- 
ganese-nickel-aluminum bronze 
and deoxidized copper conform- 
ing to AWS, AMSE, MIL and fed- 
eral specifications. The alloys 
are recommended for use with 
the shielded metal arc, gas metal 
arc and gas tungsten arc pro- 
cesses involving a wide range of 
similar and dissimilar metals. 

Anderson Inc. 634 
P.O. Box 977 
Plymouth, IN 46563 
(219) 935-0920; FAX (219) 935-0924 

Anderson Products 728 
1040 Southbridge St. 
Worcester, MA 01610 
(508) 755-6100; FAX (508) 755-4694 

Anglo American 
Enterprises Corp. 1924 
403 Kennedy Blvd. 
Sornerdale, NJ 08083 
(666) 784-8600; FAX (856) 784-0066 
www.eeetools.com 

Anval, Inc. 1768 
301 Route 17, Ste. 600 
Rutherford, NJ 07070 
(201) 930-1065; FAX (201) 039-1606 
www.snvsl.com 

AOQC Moody 
International, Inc. 202 
650 N. Sam Houston Parkway E. 
Ste. 228 
Houston, TX 77060 
(261) 691-7882; FAX (281) 448-5602 
www.aoqcmoody.com 

Applied Robotics Inc. 843 
648 Saratoga Rd. 
Glenville, NY 12302 
(518) 384-1000; FAX (518) 384-1200 
www.arobotlcs.com 

Applied Robotics will display its 
line of automation accessories, 
including QuickSTOP collision 

sensors, Smartscan safety light 
curtains, compliancy devices, 
PIAB vacuum products, 
XChange tool change systems, 
single-axis force sensors, PHD 
grippers and QuickConnect 
systems. The company's high- 
quality, reliable products are 
used widely in manufacturing, 
welding, assembly and material 
handling throughout the world. 

ARC Specia l t ies 1767 
P.O. Box 35539 
Houston, TX 77016 
(713) 631-7575; FAX (713) 631-2555 
www.arcspeclaltles.com 

Arc-Zone.corn 2245 
1181 Avenlda Esteban #9 
Encinltas, CA 92024-7106 
(800) 944-2243; FAX (760) 634-8155 
www.arc-zone.com 

Arc-Zone will exhibit its line of 
proprietary, brand name and 
OEM replacement parts and ac- 
cessories for GMAW, GTAW 
and plasma arc, including hand- 
held, mechanized and robotic 
torches. Also on display will be 
productivity-enhancing, high- 
performance torches, replace- 
ment parts, tungsten elec- 
trodes, quick-change GTAW 
adapters, state-of-the-art 
coolant additives, water coolers 
and robotic peripherals. Per- 
sonnel will also be on hand to 
answer questions regarding 
welding, cutting and allied ap- 
plications. 

Arcon Welding L.L.C 452 
2020 Northwood Dr. 
Salisburg, MD 21801 
(410) 860-0300; FAX (410) 860-0302 

Arcone will display its line of 
welding and safety products. 
The company will present new 
singles and new shades of auto- 
darkening welding filters. It will 
display five welding helmet de- 
signs that are available in vari- 
able and passive shade selec- 
tions. The company will intro- 
duce the Compact air series of 
powered air purifying respira- 
tors and supplied air respirators 
for welding, industrial, automo- 
tive and agricultural applica- 
tions. Also on display will be its 
line of welding machines and 
accessories engineered to pro- 
vide high-quality, reliable per- 
formance. 

Arcsmith 1612 
2601 Lockheed Ave. 
Watertown, SD 57201 
(800) 843-7912; FAX (605) 882-2100 
www.arcsmith.com 
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H&M's history of setting industry standards for pipe- 
end preparation grows on with Christopher Bones, 
the fourth-~eneration heir to H&M! 

 66. 
Quality, Precision. Tradition. 
What's Old Is New Again. 
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Arctech Welding 
Electrodes & Wires Ind. 
Inc. 2210 
Okcumuaa Cad. Tezgul Ishani #2/6 
Slshane, Istanbul 80020 
Turkey 
90 2122530501; FAX 90 2122530588 
www.arctech.com.tr 

Arctech, which began opera- 
tions in 1993, will display its line 
of wires, electrodes, fluxes and 
equipment. The company's fa- 
cilities have been checked and 
approved by international su- 
pervisory institutions such as 
ABS, BV, DNV, LRS, GL, T0V 
and DB. 

Armst rong-B lum Mfg. 
Co. 974 
1441 Business Center Dr. 
Mount Prospect, iL 60056 
(847) 603-4000; FAX (647) 803-4019 

ATI Industrial 
Automat ion  2137 
503-D Highway 70 E. 
Garner, NC 27529 
(919) 772-0115; FAX (919) 772-8259 
www.atl-ia.com 

ATI Industrial Automation will ex- 
hibit its line of robotic end-effec- 
tors, including robotic tool chang- 
ers for resistance welding appli- 
cations. Also on display will be 
robotic tool changers featuring 
the company's patented No 

Touch Locking TM technology and 
the Protector line of robotic crash 
protection devices that feature 
automatic reset capability. 

Atlantic China Welding 
Consumables, Inc. 2230 
No. 2 Machongkou, Zigong 
Sichuan 643010, China 
868135101672; FAX 868136101200 

Atlas will introduce its new line 
of in-plant protective enclosures 
and a new 500-1b welding posi- 
tioner. It will also show a com- 
plete display of its lifetime guar- 
anteed weld cleaning hammers 
and other products, such as 
specialty wrenches, C clamps, 
hose reels, pipe rollers and sup- 
port stands, for the welding fab- 
rication field. 

At las-Raisen L.L.C. 868 
9419 Wildwood Lake Dr. 
Whitmore Lake, MI 48189 
(734) 449-5254; FAX (734) 449-4690 
www.atlasraisen.com 

Auburn will display its line of 
high-temperature-resistant fab- 
rics used for welding protection. 
The fabrics are available in 
forms for a variety of applica- 
tions, from drop cloth to stress 
relief. The company manufac- 
tures more than 30 different fab- 
rics to cover temperatures from 
600 ° to 3000°F for industrial 
uses that include shipbuilding, 
power generation and petro- 
chemical processing. 

Aufhauser Corp. 2229 
39 W. Mall, Plalnview, NY 11803 
(516) 694-8696; FAX (516) 694-8690 

Avesta Welding 
Products, Inc. 1057 
425 N. Martingale Rd., Ste. 2000 
Schaumburg, IL 60102 
(847) 413-4216; FAX (847) 517-4108 

Avesta Welding Products will 
showcase its line of stainless 
steel welding consumables. On 
display will be a wide range of 
high-quality electrodes, flux 
cored wire, solid wire, welding 
strip, pickling pastes and 
fluxes. Personnel will be on 
hand to explain the company's 
technical assistance capabili- 
ties and its extensive network 
of distributors. 

AWS Cert i f icat ion 
Dept. 0004 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 

AWS Cyber Cafe 0009 
650 N.W. LeJeune Rd. 
Miami, FL 33126 
(600) 443-9353; FAX (306) 443-7559 

AWS Education 
Dept. 0005 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 

AWS Foundat ion  0001 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 

AWS Inspection Trends 
Magazine 0007 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 

AWS Membership 
Dept. 0008 
560 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (306) 443-7569 

AWS Technical 
Publications 0008 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353; FAX (305) 443-7559 
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Bear Paw Magnetic 
Tools Inc. 1801 
4613 Alrcenter Circle 
Reno, NV 89502-5949 
(775) 829-1810; FAX (775) 829-1819 

Bear Paw Magnetic Tools will 
showcase its magnetic tools for 
metalworking lifting needs and  
offer demonstrations of the 
products. Highlighted will be in- 
side, outside and adjustable an- 
gles for welding; sheet lifters 
and separators; crane assem- 
blies; magnetic bars; base 
blocks; drill jigs; gun chucks and 
fishing tools. 

Beijing Advanced Metal 
Materials Co., Ltd. 2154 
Room 309, No. 30 Beiwalu 
Beljlng 100089, P.R. China 
86 10 68410484; FAX 86 10 68410470 
www.bam.com.cn 

Beijing Advanced Metal Materi- 
als will exhibit its line of tung- 
sten electrodes. Also show- 
cased will be tungsten carbide- 
cobalt pellets and molybdenum 
powder for surfacing applica- 
tions; hafnium and zirconium 
filler metals; titanium wire 
(ERTi-2, 3, 4 and ERTI-5); con- 
tact tips with triangular-shaped 
openings for welding wire; weld- 
ing filter plates; and gouging 
electrodes. 

Beijing Metals & Minerals 
Import & Export 
Corp. 2362 
No. 5 Fangzhuang Lu, Zuoanmenwal 
Beljlng 100078, Chlfla 
86 10 67649947; FAX 86 10 67620568 

Beijing Metals and Minerals will 
exhibit its line of welding wires 
and electrodes for welding alu- 
minum, nickel and copper. 

Belchfire Corp. 2214 
4916 N. 125th St., Butler, Wl 53007 
(414) 783-1500; FAX (414) 783-1700 

Belchfire will highlights its line 
of torches, which are used by 
welding fabricators, cast iron 
and steel users and marine re- 
pair service shops, where weld- 
ing codes and alloy content pre- 
scribe higher temperatures for 
welding. Foundries also use the 
torches to preheat, maintain in- 
terpass temperature, postheat 
in casting repairs and reduce 
moisture content, as well as pre- 
vent thermal shock in molds and 
ladle liner materials. 

Belleville Area 
College 2088 
2500 Carlyle Rd., Bellevllle, IL 62221 
(618) 235-2700; FAX (618) 235-2874 
www.bacnet.edu 

1; FAX (7011) ~18.4"r20 

Bernard will highlight its line of 
gas metal arc welding guns, in- 
cluding air-cooled and water- 
cooled, semiautomatic, fully au- 
tomatic and robotic products, 
plus accessory and replace- 
ment items. The company's 
CustomSelect program enables 
end users and distributors to tai- 
lor product specifications to 
their individual needs, including 
cable length and torch configu- 
rations. 

OBO Bettermann 1052 
409 Parkway View Dr. 
Pittsburgh, PA 15205 
(412) 787-5970; FAX (412) 788-6627 

Bluco Corp. 1170 
509 Weston Ridge Dr. 
Naperville, IL 60563 
(800) 535-0135; FAX (630) 637-1847 

Bluco will showcase its Dem- 
meier modular fixturing system, 
which features a five-sided, 
high-strength steel table with an 
accurate grid pattern of bores 
on all sides. A patented posi- 
tioning and clamping bolt lo- 
cates and locks fixturing c o m -  

ponents with 3 tons of force. Ta- 
bles up to 3000 X 1500 mm in 
size can be joined together for 
fixturing of larger parts. A com- 
pensating swing clamp fits into 
any bore to hold parts without 
distortion. Complex fixtures can 
be ready in a few hours; simple 
ones in a few minutes. On-site 
training, CAD database and  
training videos will be offered. 

BMS will provide information re- 
garding the use of propylene as 
a fuel gas for the metalworking 
industry. Propylene, which is 
marketed under the HPG® 
name, is an economical and 
safe fuel gas for various metal 
working applications, including 
oxyfuel cutting, brazing, heat- 
ing and thermal spraying. HPG 
is available in cylinders or in 
bulk storage of 1000 or more 
gallons. Also on exhibit will be 
a line of cutting, brazing and 
heating equipment for most 
OEM torches. 

Bohler Thyssen Wel 4 
USA Inc. ~ ~ : ~  

Bohler Thyssen Welding will 
feature its new stainless flux 
cored wires for all-position pipe 
welding; a full line of submerged 
arc, gas tungsten arc and gas 
metal arc consumables for high- 
temperature chromium P91 
steels; and a Soudokay small- 
ID strip cladding head. Also 
highlighted will be a full line of 
high-quality electrodes, wires 
and fluxes from Bohler, 
Thyssen, Soudokay and UTP. 

B o n a l  T e c h n o l o g i e s ,  

I n c .  6 2 2  
21178 Bridge St. 
Southfleld MI 48034 
(248) 353-2041; FAX (248) 353-2028 
www.bonal.com 

Bonal Technologies will display 
its state-of-the-art, patented, 
nonthermal stress relief and 
weld conditioning technology. 
Highlighted will be the Mete-Lax 
2600 microprocessor graphic 
certification system, the Mete- 
Lax 1700 graphic/manual certi- 
fication system and the Mete- 
Lax Model 700 manual certifi- 
cation system. Information will 
be provided on how you can 
"certify" stress relief, virtually 
eliminate heat treat stress relief 
costs without sacrificing quality, 
improve fatigue life and reduce 
weld cracking and distortion. 
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When It M o t t e r s  
In life we are always faced with compromise .  

At ArcOne our commitment  to you is unsurpassed  

product  safety, durabil i ty and performance.  Our 

A-D filters have the highest  level of  eye protect ion 

on the market.  Our inverters offer the best  performance  

at cost effective pricing.  Our respiratory protect ion 

keeps you safe an entire 8 hour work day. 

At ArcOne Our Commitment  to You is No Compromise .  
SEE US AT AWS SHOW BOOTH 846 Ci r c l e  No. 14 o n  R e a d e r  I n f o - C a r d  
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WELDING P-91 Bore Repair Systems 
Inc. 2135 
Cheshire Tpk., Alatead, NH 03602 
(603) 835-2409; FAX (603) 835-2609 
www.borerepalr.com 

Bosch Automation 
Technology 1679 
40 Darling Dr., Avon, CT 06001 
(860) 409-7070; FAX (860) 409-7080 

Bradford Derustit 
Corp. 617 
P.O. Box 151, Clifton Park, NY 12065 
(877) 899-5315; FAX (518) 899-6848 
www.derustit.corn 

Bradford Derustit will feature its 
Derustit SS-3 stainless steel 
cleaner, which removes heat 
and flame coatings, scale, slag 
and other inclusions from stain- 
less steel quickly and efficiently. 
Also on display will be B-P No.1 
Brightener, a metal cleaner that 
provides a quick, economical 
method of removing heat stains, 
rust, discoloration and tarnish 
from the surface of many types 
of steel, copper, brass and other 
metals; and B-P Rust/Oxide Re- 
mover, which works effectively 
with no acid-handling problems. 
The chemical rust and oxide re- 
mover attacks rust, scales and 
oxides from ferrous and nonfer- 
rous metals. 

SAMPLES NOW AVAILABLE 
CALL 1-800-776-3300 

Briggs and Stratton 
Corp. 
P.O. Box 702, 

758 

Our P-91 Flux-Cored Wire Meets Impacts. 
Could That Impact You? 

CLASSIFICATION 
Chemistry meets AWS 5.5 Class E9015-B9/ASME SFA 5.5 E9015-B9 
and conforms to AWS/SFA 5.29 E100T1-G 
(Presently there is no AWS class for flux cored types of this alloy group.) 

DESCRIPTION 
Midalloy E9015-B9 FC is an "out of position" flux cored welding wire particularly suited for 
pipe welding. For joining apppiications on hi 

WELDING DIAMETER 
PARAMETERS SHIELDING GAS 

AMPS & VOLTAGE 
SETTING-LOW V-UP 

MEDIUM 
HIGH 

her chromium 9CrMoNb steel (Type P91). 

1/16" .045 
95% AR, 5% CO2 95% AR, 5% C0z 

20V / 160 AMPS 19V / 130 AMPS 

25V ! 220 AMPS 24V / 180 AMPS 
28V / 270 AMPS 28V / 240 AMPS 

TYPICAL MECHANICAL PROPERITES* 
Radiographnic test to ASTM E142 was acceptable 
Mechanical Properties after PWHT at 1400°F + 0°F, -10°F for 4 hours 
Tensile Strength - -  101.8 KSI Yield Strength - -  83.5 KSI 
Elongation 22.5% Reduction in Area 58.8% 

Energy Abs°rpti°n FT"-LBS" @ 76°F 25"3 Midalloy 
*Confirmed by an independent test lab 

VISIT OUR BOOTH #1829 

Circle No. 155 on Reader Info-Card 

Milwaukee, Wl 53201-0702 
(414) 259-5333; FAX (414) 259-5313 
www.briggsandstratton.com 

Briggs & Stratton will display 
various engines from its Stan- 
dard, I/C, Intek and Vanguard 
lines of air-cooled gasoline en- 
gines in the 3 to 25 hp range, as 
well as Vanguard liquid-cooled 
gasoline and diesel engines 
from 18 to 31 hp. 

British Federal- 
North Amer i ca  273 
1100 N. Opdyke, ate. 100 
Auburn Hills, MI 48326 
(248) 371-0202; FAX (248) 371-0290 

Broco, Inc. 624 
8690 Red Oak St. 
Rancho Cucamonga, CA 91730 
(909) 483-3222; FAX (909) 493-3233 
www.brocolnc.com 

BTU Contracts, Inc. 954 
6432 N. Ridgeway Ave. 
Uncolnwood, IL 60645 
(847) 673-7790; FAX (847) 673-7794 
www.btucontracts.com 

BTU Contracts, a supplier of 
major bulk industrial gases, will 
provide information on its prod- 
ucts, including propylene. 
Propylerie is a safe, economi- 
cal, high-performance fuel for 
metalworking and is recom- 
mended for use in many HVOF 

thermal spray processes. Per- 
sonnel will be on hand to dis- 
cuss a variety of bulk and cylin- 
der delivery systems. 

Bug-O Systems will demon- 
strate its new MDS cladding 
system. This system was de- 
signed for use on large areas, 
such as pulp digesters and 
boiler tubes. Also shown will be 
its modular drive system, which 
can run on three different rail 
systems, and the company's 
standard straight-line cutting 
and welding systems. 

BurnylCleveland Motion 
Controls Inc. 1142 
7550 Hub Pkwy., Cleveland, OH 44125 
(800) 321-8072; FAX (216) 642-2199 
www.burney.com 

Cleveland Motion Controls will 
exhibit its family of BURNY® 
controls for new or older oxygen 
cutting machines, including 
BURNY shape-cutting controls, 
Servopak® drive systems for x- 
y axis control, Replicator® trac- 

ing systems for template follow- 
ing, Levitator~ systems for 
torch height control and fully in- 
tegrated control systems. Fea- 
tured will be the new 
BURNY10~, an open architec- 
ture PC-based control using 
Windows NT~-based software, 
and the new Replicator CCD 
pattern tracing system with ad- 
vanced video-image-capture 
technology, which maximizes 
quality, speed and reliability. 

Burr King Mfg., 
Co. Inc. 1782 
3 Tarnara Lane, Warsaw, MO 65355 
(660) 438-8998; FAX (660) 438-8991 

C & G Systems, 
a Thermadyne 
Co. 1416/1228 
1401 Glenlake Ave., Itasca, IL 60143 
(630) 467-0600; FAX (630) 467-0606 
www.cgsystems.com 

C. K. Worldwide I n c . ~  

~ ~ ;  FAX (ess) 9~74~ ..... 

C. K. Worldwide will introduce 
new ways for GTA welding 
users to save up to 40% on their 
argon costs without sacrificing 
weld quality, speed or appear- 
ance. C. K. will also show inex- 

pensive, portable, semiauto- 
matic equipment that will in- 
crease GTA welding productiv- 
ity up to three times that of man- 
ual welding operations. Also on 
display will be a portable, inflat- 
able purge welding chamber, 
new large-diameter gas lens 
(1.125-in. ID) with a clear noz- 
zle designed for use in welding 
reactive metals. The company 
will also display its line of 
patented GTA welding torches, 
parts and accessories. 

C-Spec 2062 
2291 Heritage Hills Dr. 
Pleasant Hill, CA 94523 
(925) 943-1120; FAX (925) 930-8223 
www.cspec.com 

C-Spec will showcase its soft- 
ware for code-intelligent and 
code-aware management of 
welding procedures, welder 
qualifications and NDE reports 
in accordance with ASME, AWS 
and EN requirements. The soft- 
ware allows users to automati- 
cally create or review WPSs, 
PQRs and WPQs for code com- 
pliance. The company offers 
complete production weld man- 
agement systems for plants, 
fabrication shops and construc- 
tion projects. 
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STANDARD PRODUCTS 

AUTOMATION 

INTEGRATION 

AUTOMATION MADE SIMPLE... 

• Par tners in Creat ive  Solut ions 

• Highly Mot ivated,  Tra ined and 

Ski l led Team 

• Persona l i zed  Serv ice 

• Meet ing  and Exceed ing  
Cus tomers '  Expec ta t ions  
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same or greater power delivery 
for welding or cutting. 

Centerline 
Limited 
P.O. Box 7068 

igC 3Y6;Canada ' 
X (519) 734-1369 

Ceodeux, Inc. 658 
221 Westec Dr. 
Mount Pleasant, PA 15666 
(724) 696-4340; FAX (724) 695-4364 

Cerbaco will provide samples 
from its line of more than 500 
configurations of nonmetallic 
weld backings that permit fin- 
ished-quality, full-penetration 
welds from one side. Where 
one-sided welding is undesir- 
able, the backings eliminate the 
need for arc gouging or heavy 
grinding prior to second-side 
welding. The company special- 
izes in furnishing custom con- 
figurations and formulations. 
Technical assistance and 
demonstrations of free custom- 
design services will be offered. 

CGW Abrasive Mfg., 
USA 2336 
7530 N. Caldwell Ave., Niles, IL 60714 
(800) 447-4248; FAX (800) 447-3731 

C. H. Symington & 
Co., Inc. 549 
77 E. Wilson Bridge Rd., Sts, 104 
Worthington, OH 43085 
(614) 848-4821; FAX (614) 845-4861 

C. H. Symington will display a 
line of Symex gouging torches, 
parts, electrodes, ground 
clamps, cable connectors and 
related accessories. The com- 
pany will also feature its new 
Symex Star-Trac II automatic 
gouging torch, the Star-Trac I 
semiautomatic gouging torch 
and the S-66 torch with the 
patented 360-deg swivel cable. 

Caldwell Group, The 544 
5055 26th Ave., Rockford, IL 61109 
(800) 6284263; FAX (815) 229-5686 

Canadian Welding 
Bureau, a Div. of the CWB 
Group 653 
7250 W Credit Ave. 
Misslssauga, Ontario L5N 5N1, Canada 
(905) 542-1312; Fax (905) 542-1318 
www.cwbgroup.com 

CWB personnel will be on hand 
to provide information on CWB 
Group-Industry Services, a non- 
profit, independent organization 
that provides specific services 
through its three divisions. The 
Canadian Welding Bureau pro- 
vides certification of welding op- 

erations for steel, aluminum, re- 
inforcing bars, resistance weld- 
ing, welding consumables, 
welding inspection organiza- 
tions, welding and metal prod- 
uct inspectors and manufactur- 
ers of steel building systems. 
Quasar provides ISO 9000 and 
QS 9000 certification/registra- 
tion and auditor training. Good- 
erham Centre for Industrial 
Learning provides WELD_IT 
software, modular learning sys- 
tems and in-plant training. 

Carborundum Abrasives 
North Amer ica  513 
1 New Bond St., P.O. Box 15008 
Worcester, MA 01615-0008 
(800) 255-2849; FAX (508) 795-5469 
www.carborundumabrasives.com 

Carborundum Abrasives will 
features its full line of stock 
products for welding applica- 
tions. Grinding wheel products 
displayed will include Premier 
Red depressed center and cut- 
off wheels and portable snag- 
ging cones and plugs. Coated 
abrasive products shown will in- 
clude backstand grinding belts, 
sanding sheets, conventional 
and flap discs for portable grind- 
ing, and surface finishing prod- 
ucts including belts, rolls, 
sheets and unified wheels. 

Carris Reels, Inc. 2246 
439 West St., Rutland, VT 05701 
(802) 773-9111; FAX (802) 770-3581 
www.carrls.com 

Carris Reels will showcase a 
complete line of reels for the 
welding wire industry. The com- 
pany offers nailed wood, ply- 
wood, masonite, light-duty steel 
spoke and stamped metal 
spools, as well as a complete 
selection of plastic spools and 
wire baskets. The company's 
packages handle all bulk re- 
quirements from 30-1000 lb. It 
will also provide information on 
its reel management and recy- 
cling services. 

Cebora S.p.A. 
Via Andrea Costa 24 
Cadriano DI Gransrolo (Bologna) 
40057, Italy 
39 51 765000; FAX 39 51 765222 
www.cebora.it 

941 

Cebora will feature a full line of 
welding machines for a variety 
of processes, including SMAW, 
AC and DC GTAW and GMAW. 
It will also display plasma arc 
cutting machines. Featured will 
be its new line of sinusoidal ab- 
sorption, single-phase, inverter- 
based power sources that allow 
for a savings of approximately 
30% of absorbed power, for the 

Champion Laboratories, 
Inc. 1571 
200 S. Fourth St., Albion, IL 62806 
(618) 445-5413; FAX (618) 445-5496 

Champion Laboratories will fea- 
ture Eurofilter USA dust control 
cartridge filters, designed for use 
in all major brands of pulse-jet 
collectors, and the Vantage V+ 
cartridge collector for dust and 
fume control. With the V+ de- 
sign, cartridges are secured at 
top and bottom for increased 
durability and longer service life, 
and are easily accessed from the 
outside to minimize exposure 
and downtime for change-out. 

Chemclean Corp. 203 
130-45 180th St. 
Springfield Gardens, NY 11434 
(716) 525-4500; FAX (718) 481-6470 
www.chemclean.com 

Chicago Protective 
Apparel 409 
8140 N. Ridgeway 
Skokie, IL 60076 
(847) 674-7900; FAX (847) 674-7906 
www.chlcagoprotectlvs.com 

China National Wujin 
Mahang Welding & 
Cutt ing Plant 647 
No. 145#, Hedong St. Mahsng, Wujin 
Jiangsu, Province 213162, P. R. China 
86 05 46706120; FAX 86 05 46701045 
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maintenance or repair you can simply make the change to a new gun and keep running. 

$, th t Welding 
our Spot Welding Tool Changer, when things go wrong you can make changes 

very quickly. You can also change tools for quick process changeovers and to perform 
multiple functions. 

Collision Sensors for arc welding laser and plasma cutting 
QuickSTOP senses angular, rotational an~l compressive overload forces. Our metal-to-metal 
seal holds the unit rigid maintaining clean cuts and welds. 

All of our tool changers come with a lifetime guarantee on their  failsafe latching mechanisms. 

In addition to tool changers and collision sensors, we also offer: 
• Compliancy Devices • Smartscan Safety Light Curtains • Connectors • QuickConnect Systems 
• Force Sensors • phd Grippers a Piab Vacuum Products 

The leader in connection technology 
Applied Robotics, Inc. • 648 Saratoga Road, Glenville, NY 12302 USA 
Tel (518) 384-1000 • FAX (518) 384-1200 • Email:info@arobotics.com 

See us at  AWS • Booth 843  

h t tp : / /www.a robo t i cs .com 

Circle No. 12 on Reader Info-Card 

Chosun Steel Wire 
Co. 964 
253 N. Santa Fe Ave., P.O. Box 45 
Salina, KS 67401 
(888) 424-6786; FAX (785) 827-5804 

Clausing/Metal 
Muncher 939 
1819 N. Pitcher St. 
Kalamazoo, MI 49007 
(616) 345-7155; FAX: (616) 345-5945 
www.clausing-ind ust rlal.com 

Cleveland Convent ion & 
Visitors Bureau 747 
50 Public Square, Cleveland, OH 44113 

Cloos Robotic Welding, 
Inc. 231 
911 Albion Ave. 
Schaumburg, IL 60193 
(847) 923-9988; FAX (847) 923-9989 

CML USA, Inc. 2072 
10227 General Dr., Orlando, FL 32824 
(407) 857-1122; FAX (407) 851-3009 
www.bcity.com/ercollna 

CMS Gilbreth- 
Dissolvo 356 
3001 State Rd., Croydon, PA 19021 
(215) 785-3350; FAX (215) 785-4017 
www.dlssolvo.com 

CMW Inc. 139 
70 S. Gray St., Indianapolis, IN 46201 
(317) 634-8884; FAX (317) 638-2706 
www.cmwinc.com 

CNl-Ceramic Nozzles, 
Inc. 1925 
23L Commerce Rd., Fairfield, NJ 07004 
(973) 276-1535; FAX (973) 276-1537 

Codeware 746 
11221 Richmond Ave., Ste C-103 
Houston, TX 77082 
(281) 487-8705; FAX (281) 497-5839 
www.codeware.com 

Colorado School of 
Mines 1986 
Center for Welding, Joining and 
Coatings Research, Golden, CO 80401 
(303) 273-3787; FAX (303) 384-2189 

Comac USA Inc. 871 
532 Route 15, Sparta, NJ 07871 
(973) 579-3400; FAX (973) 579-3222 
www.lta.cc 

COMEQ, Inc. 1019 
P.O. Box 207 
White Marsh, MD 21162-0207 
(410) 833-8500; FAX (410) 933-1800 
www.comeq.com 

Computer Eng., 
Inc. 2324 
509 N.W. 5th St. 
Blue Springs, MO 64014 
(816) 228-2976; FAX (816) 228-0680 
www.computereng.com 

Computer Engineering will 
demonstrate the all-new Weld- 
ing Pro-Write for Windows TM 

and AWS Welding. Both soft- 
ware programs have PQRs, 

WPSs, WPQs, welder manage- 
ment and built-in code checking 
features. 

Computer Weld 
Technology, Inc. 1358 
4544 S. Pinemont, Ste. 200 
Houston, TX 77041 
(713) 462-2118; FAX (713) 462-2503 
www.cweldtech.com 

Computer Weld Technology will 
offer information on its solutions 
for automating, controlling and 
monitoring the welding process. 
Products on display will include 
the Thru-Arc TM tracking system, 
which is designed to track a 
weld joint through the arc with 
no physical contact to the work- 
piece; the ADM IV TM arc data 
monitor; and the WDL II TM weld 
data logger, which is used in 
quality control/quality assur- 
ance applications and docu- 
mentation for ISO 9000 and QS 
9000 requirements. 

Computers Unlimited 2044 
2407 Montana Ave., Billings, MT 59101 
(406) 255-9500; FAX (406) 255-9595 
www,cu.net 

Computers Unlimited will dis- 
play its TIMS (total information 
management system) software, 
which it has been providing to 
gases and welding distributors 

for 21 years. The software pro- 
vides a complete package for 
order entry, inventory manage- 
ment and cylinder control. 

Conam Inspection Inc. 528 
192 Internationale Blvd. 
Glendale Heights, IL 60139 
(800) 982-6626; FAX (630) 681-0009 
www.conaminsp.com 

Conam Inspection will show- 
case its comprehensive nonde- 
structive inspection services, 
metallurgical and chemical 
analysis and mechanical test- 
ing services for a broad range 
of industries. The company has 
more than 750 professionals on 
staff and maintains a network of 
nationwide facilities to serve its 
customers. 

Continental 
Abrasives 2414 
16871 Noyee Ave. 
Irvine, CA 92606 
(949) 474-1101; FAX (949) 863-3076 

Contour, Div. of Jackson 
Products 1407/1411 
2997 Clarkson Rd. 
Chesterfield, MO 63017 
(636) 207-2750; FAX (636) 207-2810 
www.jackprod.com 

Contour Products, a division of 
Jackson Products, will display 
its precision layout and measur- 
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Cut & Clamp Pipe? 
We Make It Easy/ 

Cut It! Mathey Dearman's short 
saddle pipe cutting and beveling 
machine provides quick, clean, 
accurate cuts. Every time. Portable 
and easy to use. Cuts pipe from 
1Z' to 48". ? 

Clamp It. = Mathey 
Dearman chain clamps align 
and reform pipe and fittings for 
welding. Available in three 
models to fit any clamping 
need. Saves time. Saves 
money. Clamp pipe 3/4" and 

i I larger. MORE WAYS TO ~ ' ~ . i  I I ;~r i -~ 
I-[ELP PIPEFITTERS" ~ J  ~ ~I '|] ~I I ~ = . ~  

Call, fax or e-mail us today. 
We'll send you a FREE instructional video about our products. 

Phone: 918-447-1288.1-800-725-7311 
Fax: 918-447-0188 
e-maih sales@mathey.c0m Web: www.mathey.c0m 
P0 Box 472110 / Tulsa, OK 74147 / USA 

C i r c l e  No.  9 2  on  R e a d e r  I n f o - C a r d  

SEE US AT AWS SHOW BOOTH 1535 
C i r c l e  No.  7 7  on R e a d e r  I n f o - C a r d  

SEE US AT AWS SHOW BOOTH 2328 

ing tools that are long lasting 
and easy to use. The tools help 
bring precision to any layout 
task. Laterials, ellipses or ob- 
long circles can be made on any 
irregular flat or round surface. 
The tools require no compli- 
cated formulas and no more cut 
and try for needless material 
waste. 

Contract Fusion Inc. 228 
977 Waterman Ave. 
East Providence, RI 02914 
(eoo) 562-9270; FAX (401) 431-0237 
www.cfletudweldlng.com 

Contract Fusion will show its 
new 550XL industrial miniature 
stud welding machine, which of- 
fers a fast, reliable and cost-ef- 
fective way to instantly attach 
studs and other small weldable 
parts to most similar and dis- 
similar metals. Small studs from 
0.018 to 0.107 in. in diameter 
can be welded instantly without 
annealing, distortion or discol- 
oration. Typical applications in- 
clude short production runs, 
R&D and prototyping. The ma- 
chine will fit on any benchtop 
and is easy to set up and oper- 
ate. The company will also pro- 
vide information on its in-house 
fusion welding services. 

CONCOA will present gas dis- 
tribution systems necessary for 
Industrial CO 2 lasers, including 
products used in the delivery of 
the resonator, purge and assist 
gases. The Laser Edge Solution 
Software for distributors will be 
on line during the show. In ad- 
dition, pressure and flow con- 
trol equipment and distribution 
systems for all industrial gas ap- 
plications will be featured. A 
complete line of gas apparatus 
for oxyfuel cutting, welding and 
heating will also be on display. 

Convergent Energy 2152 
1 Picker Rd., Sturbridga, MA 01566 
(508) 347-2601; FAX (508) 347-5134 
www.convergent-energy.com 

Convergent Energy will high- 
light its full line of products, 
which includes lasers and laser 
systems. The company offers 
CO 2 lasers ranging from 225 W 
to 45 kW and Nd:YAG lasers up 
to 500 W average power. The 
company designs and inte- 
grates standard and custom 
turnkey laser systems for a wide 

variety of welding and metal 
processing applications. 

Cooper Power Tools 635 
P.O. Box 1410, Lexington, SC 29071 
(803) 359-1200; FAX (803) 359-2013 

COOPTIM Ltd. 866 
Petofi S.u. 21, Dlosd H-2049, Hungary 
36 23 382409-109; FAX 36 23 382321 
www.cooptim.hu 

Car-Met will feature its nickel-, 
cobalt- and iron-based specialty 
cored wire and coated elec- 
trodes for joining, cladding and 
hardfacing. Highlighted will be 
its large-diameter electrodes,in 
sizes up to 20 mm. 

Corex 1805 
400 Trade Square East 
Troy, OH 45373 
(937) 332-4000; FAX (937) 332-5224 
www.hobartbrot here.cam 

Corex will exhibit a complete 
line of high-quality tubular and 
metal cored wires, which in- 
cludes self-shielded, gas- 
shielded and low-alloy flux 
cored wires and metal cored 
wires. The wires are available 
in a wide variety of package 

sizes. Company engineers and 
sales staff will be available to 
answer all of your filler metal 
questions and make product 
recommendations. 

Crouse-Hinds Molded 
Products 362 
4758 Washington St. 
LaGrange, NC 28551 
(919) 566-3014; FAX (919) 566-9537 

Cryogas International 822 
5 Militia Dr., Lexington, MA 02421 
(781) 862-0624; FAX (781) 063-9411 
www.cryogae.com 

Cryogenic Industries/ 
ACD 972 
25720 Jefferson Ave. 
Murrieta, CA 92562 
(909) 696-7840; FAX (909) 698-7484 
www.cryolnd.com 

Cryostar U.S.A. 236 
2670 Lehigh St., Whitehall, PA 18052 
(010) 231-0210; FAX (610) 231-1522 
www.cryoetar.fr 

Cryostar USA will feature its line 
of cryogenic equipment, includ- 
ing cryogenic pumps and turbo- 
machinery for industrial gas, 
petrochemical and natural gas 
applications. The company of- 
fers centrifugal and reciprocat- 
ing pump units from process 
and transfer to HP pumps for 
Lax,  LIN, Lar and CO 2 ser- 
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rt of every flash welder is a 
)ower control system. 

Enerpro has your answer! 

EFERPRO 
ENERPRO, Inc. 
5780 Thornwood Drive 
Goleta, CA 93117 

(800)  5 7 6 - 2 1 1 4  
fax: (800) 486-0798 
e-mail: enerpro@aol.com 

C i r o l e  N o ,  5 7  o n  

~ '  220 or 480 Volt operation 

~" simple interface with welding and 
annealing operator controls 

~" high efficiency 
exceptional reliability 

V ~" custom interfacing and packaging options 

!/" Over 37,000 Enerpro power control boards 
in use -- worldwide 

R e a d e r  I n f o - C a r d  

vices, as well as high-efficiency 
expansion turbines for air sep- 
aration and liquefier plants com- 
plete with the controls and sub- 
systems. A compressor, oil 
brake, generator or combination 
alternatively can drive the com- 
pany's turbines. 

CTR, Inc. 116 
298 Porter Rd°, Rock Hill, SC 29730 
(803) 324-8101; FAX (803) 324-8187 
www.ctrinc.com 

CVI 1802 
2288 Westbrooke Dr. 
Columbus, OH 43228 
(614) 529-5431; FAX (614) 876-5648 
www.chart-ind.com/CVI 

CVI, a Chart Industries com- 
pany, will showcase its line of 
high-quality cryogenic equip- 
ment. The company manufac- 
tures a wide range of products, 
from cryogenic pumps, valves 
and vacuum-insulated pipe to 
high-pressure filling plants. 
Featured will be the PD series 
of high-pressure cryogenic 
pumps that feature a low-main- 
tenance design, easy service- 
ability and a strong performance 
warranty. These pumps are de- 
signed for industrial companies, 
chemical processing plants, 
cylinder filling distributors, med- 
ical oxygen suppliers and other 
critical applications. 

Cypress Welding 
Equipment Inc. 1141 
P.O. Box 690168, Houston, TX 77269 
(281) 469-6746; FAX (281) 469-9354 

D. L. Ricci Corp. 258 
P.O. Box 527 
Red Wing, MN 55066 
(651) 388-8661; FAX (651) 388-0002 
www.dlrlcci.com 

DAIHEN, Inc. 2201 
761 Crossroads Ct. 
Vsndalia, OH 45377 
(937) 454-9660; FAX (937) 454-9661 
www.dalhefl-usa.com 

DAIHEN, a leading manufac- 
turer of welding power supplies, 
plasma cutters and robots, will 
exhibit the Turbo Pulse DF, ca- 
pable of GMA and aluminum 
welding, plusGTA welding sys- 
tems, spool guns and plasma 
cutters ranging from portable to 
120 amps. The company's 
robotic products vary from a 
portable robotic welding system 
to a material handling system 
with 255-1b payload. The prod- 
uct line also includes a variety 
of "weld ready" standard robotic 
cells. 

Dake 152 
724 Robbins Rd. 
Grand Haven, MI 49417 
(616) 842-7110; FAX (616) 842-0859 
www.da ke-div-jsjcorp.com 

GETS YOUR WELDING WIRE 
TO THE FEEDER... 

QCC CONOUIT aM qcc-im (goavy OmLy) - The conduit system that's ready 
to use. Bayonet type fittings are permanently swaged on each 
end of the conduit. Long flex life is provided for robotic and 
other applications where flexing is required. 

BIC CONDUIT and B~IIB (~avy Duty) - 
Your best choice for 
stationary applications 
because it's semi-rigid. You 
cut it to any length ~ need. 

DOME - 23 -" 
DOME - 20 

~ , , , , ~ , . , . ~  The clear choice in domes 
for dispensing bulk 
electrode from drums. 

1275 Harvard Drive, Kankakee, Illinois 60901, USA 
Phone: (815) 935-2211 Fax: (815) 935-8605 
Web Address: www.electronbeam.com 

C i r c l e  No .  5 4  o n  R e a d e r  I n f o - C a r d  

SEE US AT AWS SHOW BOOTH 1122 

DALEX-WERKE 
Niepenberg GmbH & 
Co. KG 832 
P.O. Box 1162/1163 
Wissen, Federal Republic of Germany 
49 2742 77346; FAX 49 2742 77125 
www.dalex.de 

DALEX will exhibit its entire 
range of products including gas 
shielded arc welding machines, 
welding rectifiers and trans- 
formers, plasma cutting ma- 
chines, resistance welding ma- 
chines (AC/DC), portable spot 
welding guns and medium fre- 
quency resistance welding ma- 
chines, memorized program 
welding control units and CNC 
program control units and water 
recooling units. 

Dalloz Safety (Willsonl 
Bilsom) 421 
P.O. Box 622 
Reading, PA 19603-0622 
(610) 371-6161; FAX (610) 371-7874 
www.cdalloz.com 

Dalloz Safety, formerly Willson 
Safety, will exhibit its complete 
line of eye and face, respiratory 
and hearing personal protection 
equipment for welding applica- 
tions. The company's products 
include disposable, reusable 
and supplied air respirators and 
welding-specific filters and car- 

tridges; safety spectacles with 
shade lenses; clear and shaded 
visors; and hearing protectors 
including earmuffs, earplugs 
and canal caps. 

Darco Southern, Inc. 407 
P.O. Box 454, 254 Darco Dr. 
Independence, VA 24348 
(540) 773-2711; FAX (800) 327-2610 
www.darcosouthern.com 

Darco Southern manufactures 
high-temperature textiles for ap- 
plications to 3000°F. All prod- 
ucts are asbestos-free and ce- 
ramic-free. Products show- 
cased will include cloth, tape, 
rope, sleeving, batting, welding 
curtains/blankets, aprons, mit- 
tens, boots and kneeling pads. 

Dataweld, Inc. 1155 
1909 Citizens Bank Dr. 
Bossier City, LA 71111 
(318) 746-6111; FAX (318) 746-6323 
www.dataweld.com 

DCE, Inc. 654 
11301 Electron Dr. 
Louisville, KY 40299 
(502) 267-0707; FAX (502) 267-3074 

De-Sta-Co Industries 1532 
2121 Cole St. 
Birmingham, MI 48009 
(248) 594-5650; FAX (248) 644-3929 
www.destaco.com 
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Del Lif tgates,  Inc. 1493 
190 Lewis St. 
P.O. Box 6126 
Buffalo, NY 14240-6126 
(716) 853-7994; FAX (716) 854-5424 
www.liftgete.com 

Deneb Robot ics,  Inc. 816  
5500 New King St. 
Troy, M148098 
(248) 267-9696; FAX (246) 267-8458 
www.deneb.com 

Deneb Robotics will showcase 
its UltraArc TM interact ive 3-D 
graphics-based engineer ing 
tool specif ical ly for designing, 
programming and opt imizing 
robotic arc welding applications 
through simulation and analy-  
sis. UItraArc enables the user 
to thoroughly analyze workcell 
performance, optimize cell con- 
f iguration and debug the pro- 
cess plan before any tooling is 
purchased or fabricated. From 
the simulated model, UltraArc 
can automatically generate and 
download robot motion and pro- 
cess programs to achieve a 
highly efficient robot arc weld- 
ing system. 

D e n g e n s h a  A m e r i c a  
Corp, 2132 
7647 First Place Dr. 
Bedford, OH 44146 
(440) 439-8081; FAX (440) 439-6217 

Dengensha America will exhibit 
a fully operational resistance spot 
welding machine equipped with 
an automatic weld nut feeder as 
well as a servo-operated spot 
weld gun. Also on display will be 
a portable welding transformer 
with an integrated weld t imed 
contactor and a resistance weld 
monitor featuring a waveform 
and/or numeric printer with an 
800-weld memory. 

Deutz  Corp.  2028  
3883 steve Reynolds Blvd. 
Norcroaa, GA 30093 
(770) 564-7100; FAX (770) 564-7222 
www.deutz.de 

DEUTZ is a wor ldwide manu- 
facturer of diesel and gas en- 
gines covering a comprehen- 
sive power  range from 6 to 
10,000 hp. The company now 
can be reached tol l- free, 24 
hours for emergency parts and 
service information at (800) 
241-9886. 

Divers A c a d e m y  of the 
Eastern Seaboard ,  
Inc.  2087  
2500 s. Broadway 
Camden, NJ 08104 
(609) 966-1871; FAX (609) 541-4355 
www.dlvereacademy.com 

DO A L L  1282 
254 N. Laurel Ave. 
Des Plainea, IL 60016 
(847) 803-7250; FAX (847) 803-7269 

D O - C e r a m  Engineered  
Ceramics  Co.  L td .  343  
Heaslingsweg 65-67 
Dortmund-Brackel 
NRW D-44309, Germany 
49 23192502520; 
FAX 49 23192502570 
www.yerngulde.net/docerem 

DO-Ceram Engineered Ceram- 
ics manufacturers advanced ce- 
ramic components and is a 
leading producer of centering 
pins for resistance welding. The 
company will feature its DO- 
Ceram Cerazur, which helps 
users meet today's stingent re- 
quirements such as high heat- 
resistance, mechanical  tough- 
ness, electrical insulation and 
surface anti-sticking character- 
istics. When using DO-Ceram 
Cerazur, opt imum process 
safety, long life and high preci- 
sion are the results. 

Dor inger  Cold Saws  229  
13400 Estrella Ave. 
Gardena, CA 90248 
(310) 366-7766; FAX (310) 366-7573 
www.doringer.com 

DovaTech is the business en- 
tity having domestic and inter- 
national manufacturing, market- 
ing, engineering, sales and dis- 
tribution responsibilit ies for the 
Bernard, Weldcraft, PlazCraft 
and K&K brand welding and cut- 
ting products. It operates man- 
ufacturing plants in Beecher, II1., 
Lake Zurich, II1., Burbank, Calif., 
and at D-Tech, its subsidiary in 
Kranenburq, Germany. In addi- 
t ion to the complete lines of 
K&K, Weldcraft and PlazCraft 
torches and accessories, 
DovaTech will showcase a 
working robotic work cell with 
the new integrated Bernard 
robotic torch package. 

D r i l l c o  C u t t i n g  
Tools  2452  
12649 s. Choctaw Dr. 
Baton Rouge, LA 70815 
(334) 626-5171; FAX (334) 621-0017 

Dynabrade ,  Inc.  716  
8989 Sheridan Dr. 
Clarence, NY 14031 
(800) 828-7333; FAX (716) 831-2073 
www.dynabrade.com 

D y n a f l u x ,  Inc.  823  
241 Brown Farm Rd. 
Certeravllle, GA 30120 
(800) 334-4420; FAX (770) 362-9034 

Eagle Bending  
Machines,  Inc.  2047  
P.O. Box 189 
Bay Minette, AL 36507 
(334) 937-0947; FAX (334) 937-4742 
www.eeglebending machlnes.com 

Eastern Etching & 
Mfg .  Co.  652  
Foot of Grape St. 
Chlcopee, MA 01003 
(413) 894-6601; FAX (413) 594-6600 
www.eestern-etching.com 

E d w a r d s  Mfg Co. 956 
P.O. Box 166, Albert Lea, MN 56007 
(507) 373-6206; FAX (507) 373-9433 
www.edwerdelronwor kera.com 

Elderf ield & Hall,  Inc. 303  
776 w. Jackson Blvd., 5th Floor 
Chicago, IL 60661-5408 
(800) 747-9363; FAX (312) 939-9499 
www.kooltoola.com 

In addit ion to its SynchroTig 4 
GTAW Wire Feeder, Elderfield 
& Hall will exhibit  and demon- 
strate two new GTAW power 
supplies: a 200-A AC/DC power 
supply with single phase power 
input and a 320-A AC/DC power 
supply with an integrated water 
cooler, featuring 100% duty 
cycle at 300-A output. Both ma- 
chines feature very precise, soft 
arcs. Also introduced will be the 
new 300-A, single phase, 
GMAW power supply, which 
features 180-A output at 100% 
duty cycle. 

Electro-Max Mfg. Co. 930 
6522 Diplomat Dr. 
Sterling Heights, M148314 
(810) 997-9751; FAX (810) 997-9726 

Electrode Dressers,  
Inc.  443  
4506 Roger B. Chaffee S.E. 
Grand Rapids, MI 49506 
(616) 538-6224; FAX (616) 538-6777 
www.electrodedressers.com 

Electron Beam Technologies 
will display samples of POLY- 
XL® jacketed GMAW welding 
and plasma cutting composite/ 
coaxial power cable. This cable 
is avai lable to original 
GMAW/plasma torch manufac- 
turers. The new Fast 'n Easy~, 
wire feeder and Straight 'n 
Easy~ wire straightener will be 
demonstrated along with the 
QCC and ERC conduits. The 
company's GMAW welding con- 
duit systems are designed to 
provide a flexible, insulated wire 
guide from a remote wire pack- 

age up to the wire feeder. All 
equipment is designed for long 
life to reduce welding costs. Ap- 
pl ications engineers will be 
avai lable to discuss your cable 
and conduit requirements. 

Elocab Ta i lor -Made 
Cables  216  
258 McBrlne Dr. 
Kitchener, Ont. N2R 1H8, Canada 
(519) 893-1155; FAX (619) 893-2766 
www.elocab.com 

Elocab Tailor-Made Cables has 
no one-size-f i ts-al l  products. 
Each cable is designed and 
manufactured to precise cus- 
tomer needs, resulting in higher 
reliabil i ty and better cost effi- 
ciency. Tai lor-made cables 
come in quantit ies as small as 
300 ft. with 3-6  weeks delivery. 
Appl icat ions include automa- 
tion, robotics, inspection, con- 
trols, etc. In Europe, the com- 
pany wires 80% of all spot weld- 
ing robots operated by the au- 
tomobi le industry. The com- 
pany's bestsell ing power  and 
control cables sporting UL-ap- 
proved halogen-free PUR jack- 
eting will be highlighted. 

E n c o m p a s s  Engineer ing 
L L C  205 
481 Park Ave., STE 100 
Lake Villa, IL 60046 
(847) 265-2940; FAX: (847) 265-2944 

Engelhard  Corp.  2231 
235 Kilver~ Rd., Warwick, RI 02886 
(401) 739-9550; FAX (401) 739-9555 

Engelhard will showcase its 
complete line of brazing alloys, 
brazing fluxes, lead free solders 
and soldering flux. State-of-the- 
art facilities enable the produc- 
tion of consistently high-quality 
products. Its Si lvaloy Brazing 
Al loys are avai lable in a wide 
var iety of forms: wire, rods, 
sheet, plymetal, rings, washers 
and other special ty preforms; 
and the company's automat ic 
brazing systems feature lead- 
ing edge technology, reliabil ity 
and value. 

Entron Controls,  Inc. 445  
465 E. Randy Rd. 
Carol Stream, IL 60188 
(630) 682-9600; FAX (630) 682-3374 

Envi ronmenta l  A i r  
Solut ions 509  
1482 High Country Rd. 
Coralville, IA 52241-1110 
(319) 358-7794; FAX (319) 358-7794 
www.neu-alr.com 

Environmental Air Solutions will 
feature its system that can ven- 
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Guaranteed 
For 

Take the sweat out of 
handling, positioning, 

tr°tating' & supp°rting 
With these ATLAS ................. 

Life! . /welding heipers- 

For over 60 years, Atlas has manufactured 

the best weld cleaning hammers available. 

We have always stood behind our 

hammer quality and durability, and now 

we're making it official. 

Atlas hammers are 

GUARANTEED FOR LIFE! 

When cleaning slag, we guarantee our ( ~  
head-to-handle connection against coming 
apart, and our hammer heads against chipping, 

cracking, or breaking. If any of these events occur, 

we will repair or replace the hammer free of charge. 

Some knock-offs are trying to pass themselves off 

as original Atlas tools, but they miss the point when 

it comes to quality. Rigorous impact testing proves 

that Atlas outlasts the look-a-likes 10 to 1. 

What 

o 

O 

IJ 

O 

13 

makes Atlas hammers the best? 

The original head-to-shaft cross pin design 
provides the strongest joint.., heads won"( fly 
off the handle. 

Forging grade steel with mill certification 
analyses substantiates uniformity. 

Heads are induction heat treated providing 
hardness and maximum toughness. 

Hammers meet or exceed Federal 
Specifications for performance and safety. 

Black Oxide finish is rust resistant, and will 
not peel, chip, or flake...unlike paint. 

Circ le  No, 16 

You just can't beat quality at a fair price 
Found only where quality welding products are sold. 

ATLAS WELDING ACCESSORIES, INC. 
RO. Box 969 • Troy, MI 48099 

248-588-4666 • Fax 248-588-3720 

ATLAS Pipe Supports 
Four head styles: 

• V-head 
• Bar stock roller 

• Ball caster transfer 
• Dual wheel roller 

, . s  
Show 
Booth 
#734 

Circ le  No. 166 

ATLAS Roller Stands ~ ~=r 
Three head styles: 

• Dual wheel roller (steel or stainless) 
• Dual wheel (rubber) • Ball caster transfer 

Circ le  No, 165 

A TLA S Pipemate and Idler Rolls 

• Unit with idler rolls supports balanced 
loads up to 1000 Ibs. 

• Rotates pipe and tube up to 17" dia. 
• Portable, low profile for shop or field 
• Dual speed 0 to 30 in/min or 0 to 60 

in/rain 
• High frequency filter prevents 

interference with GTA welding 
Circ le  No, 164 

ATLAS Rotary Table Positioners 
• Two models: 

9" table, 100 lb. capacity, 
10" tilt table, 200 lb. capacity 

• Heavy duty grounding circuit for stick 
electrode, MIG or TIG welding 

• Low profile for bench mounting 
• Foot switch for feathering speed and 

on/off control 
• Heavy duty steel construction 
• Front panel speed and rotation controls 
Circ le  No, 44  



WHO SAYS WELDING ALUMINUM IS TOUGH? 

, '  . , . I -  ; : . -  i 
FLEXIBLE AUTOMATION OR MANUAL WELDING 
Whether you're welding large otaminum automob" e components or small L 
aluminum ports ', DAIHEN can provide a single source welair~g system / 
that s right for you. 
Our cutting edge welding equipment and robot technology offer hi;ll '~~ .~, 
speed, dependable productivily;and superior aluminum welds every time ~ 

WELDING ROBOTS "'-~ 
The easy teach method of our robots gets you up and running quickly ~r~' 

with no particulor operator skilt~required. Sp~l~y designed wiie feeders ~J/, 
and torches work in conjunction with 
power source features that enable 
smooth wire feeding with perfect arc * 
sto~ and arc ends: 
Economical and user-friendly offtine 
programming is available. This allows 
production-randy part programming while 
the robot is in operation on other jobs, 
saving you valuable productiorl time. -oT-gS o . u m  J, ROO,Uu.MI.~ ~- 
Stand-alone systems, in addition to complete plug and play robot cells 
with,pro-engineered safety features, are availo!le for immedinte , 
nstal)ation and operation. .~"~ ~ 

h ; o 

/ 

f 

DR-4200L IN PRODUCTION AT MAYVILLE ~/~AL PRODLIC~ CASA GR~IDE. AZ ~ j /  

WELDING POWER SOURCES ~" "~• ~:~r. 

DAtHEN pulse MIG systems offer patented fuzzy logic control fee~res that 
automatically control arc voltage - -  greatly simplifying weld parameter .... 
settings and ensuring ideal JIlL 
arc conditions. The wave i " - ~ -  -=~- ~ ~ - ~ ~  
pulse option provldes~' ....... I'~ ~n- IIII r ° 
TIG bead appearance with WAvF PULSE W~m 
the higher speed of MIG welding,while minimizing the risk of blow holes 
and crack susceptibility. ~ 1~ 

y combining AC with DC output, ourTlG power sources offer fl~'ble 
arc control for o ve~ focused arc.This delivers narrow beads with • . 

~ep  penetration. ~, 

, J :' ,~ , ¢  

f 

Total Technology, /** 
Single Source 
www.daihen-usa.com . /  / ~ e  ~,f 

SEE US AT AWS SHOW BOOTH 2201 ~ _Circle No, 107 on Reader  Info-Card#" 

'tURBO PULSE ,350 / 5 ~  DF ACCUTIG 3naP ,.-; 

Ha matter whnt Coat aluminum welding needs are, give us a call. We'll he glad ~ 
show yau,~t~ how simple~,~ itcan be. s. .L  ~ L 

D A I H E N  I n c .  • . , ~  .~ 
761 Crassroads CI. 5311 W.T. Harris Blvd. W. ? ~ 

"*~ Vandalia, 0H 45377 Chartlotte, NC 28269 ~ ~ \ 
~937-454-9660 ~,~ 704~597-8240 ~ 



tilate without the loss of heat. 
The "old," hot air is taken from 
the ceiling and blown outside As 
the air is being blown outside, it 
is being used to heat the fresh 
air being brought in from the 
outside. Environmental Air So- 
lutions removes welding fumes, 
carbon monoxide, diesel 
smoke, blue smoke from CNC 
machines and anything else 
that goes in the air. References 
in your industry are available 
upon request. 

EquoTip Associates 141 
140 Industry Dr., RIDC Park W. 
Pittsburgh, PA 15275-1028 
(412) 788-8976; FAX (412) 788-8984 

EquoTip Associates will high- 
light its portable metal hardness 
tester and all of its accessories, 
including impact devices for 
specific problems such as be- 
tween gear teeth and large cast- 
ings, as well as the new Equo- 
stat for thin materials, which is 
totally portable with high accu- 
racy, resolution and repeatabil- 
ity. It is usable in any direction; 
convertible to HR B & C, Brinell, 
Shore and Vickers; stores up to 
5000 values for later transfer to 
computer; and conforms to the 
EquoTip Standard ASTM A956- 
97. 

Erico Inc. 1943 
34600 Solon Rd., Solon, OH 44139 
(440) 248-0100; FAX (440) 248-0723 
www.erico.com 

Incorporated in 1903 as the 
Electric Railway Improvement 
Company, today ERICO is a di- 
versified global corporation 
made up of three business 
groups: the Industries Business 
Group, containing concrete re- 
inforcement products, indus;,lal 
products, panelboard products 
and rail electrical products divi- 
sions; the Fixing and Fc, stening 
Business Group with e!ectrical 
and mechanical divisions; and 
the Facility Electrical Protection 
Business Group with grounding 
and lightning/surge divisions. Its 
well-known product brands in- 
clude CADDY® fasteners, 
CADWELD® connections, 
ERITECH® ground rods and 
accessories, LENTON® me- 
chanical rebar splices and FLEX- 
I BAR® conductor products. 

ESAB Welding & Cutting Prod- 
ucts, the world's largest manu- 
facturer of welding and cutting 
equipment and filler metals, will 

hold demonstrations of new 
multiprocess welding and 
plasma cutting equipment, new 
flux cored wires, SAW equip- 
ment and fluxes, GMAW equip- 
ment and filler metals, 
GTAW/SMAW equipment and 
electrodes, oxyfuel equipment, 
and All-State maintenance 
products. The company will dis- 
play a full line of filler metals and 
equipment for applications in 
SAW, GMAW, GTAW and 
SMAW. Plasma and oxyfuel 
equipment will also be dis- 
played. The ESAB Demonstra- 
tion Trailer will be featured, and 
ESAB's e-commerce opportu- 
nities will be highlighted. 

Esco Tool 2024 
50 Park St., Medfield, MA 02052 
(508) 359-4311; FAX (508) 359-4145 
www.escotool.com 

Esco Tool will display its latest 
line of Esco Millhog end prep 
tools featuring the new "Dicta- 
tor." Featuring a unique attach- 
ment, this machine easily per- 
forms multi-angular end preps 
and flange face preparations on 
all schedules of pipe to 18 in. 
Highlighted will be the new elec- 
tric-powered Millhog with capa- 
bilities of end prepping all 
schedules of tube and pipe to 
3½ in. 

eSprocket 2311 
386 Fore St., Portland, ME 04101 
(207) 775-9119; FAX: (207)772-0108 
www.esprocket.com 

Essen Trade Shows c/o 
GACC 857 
40 W. 57th St., 31st Floor 
New York, NY 10019 
(212) 974-8457; FAX (212) 262-5085 
www.essentradeshows.com 

Schweissen & Schneiden, the 
largest international trade fair 
for welding, joining, cutting and 
surfacing, will be taking place 
September 12-18, 2001, in 
Essen, Germany. In 1997, more 
than 900 exhibitors showed 
their products to almost 100,000 
trade buyers from 94 countries. 
An additional 200,000 sq ft of 
exhibition space will be avail- 
able for 2001. Essen Trade 
Shows, together with AWS, will 
be organizing a U.S. Pavilion for 
this event. 

Essex will exhibit ExCelene 
Welding Cable, Super ExCe- 
lene Welding Cable and Flexi- 
ble Portable Cord for power 
supplies, which are only a few 
of the products the company 
manufactures for the welding in- 

lw . . . . . .  

W E A R T B  
TLE  

/] 

COBALT & NICKEL BASE BARE CAST RODS, 
ELECTRODES, CAST COMPONENTS, WIRES 

AND POWDERS. 
Cobalt Alloys 1, 3, 4, 6, 6H, 12, 20, 21, 25, 

32,190, 694, 800. 
Nickel Alloys 40, 50, 56, 60, C. 

Rod Dia. 3/32" (2.4mm) - 3/8" (10mm) 
Meets AWS/SFA 5.13 

MILITARY SPECIFICATIONS 

W O R L D  H E A D Q U A R T E R S  

1 3 0 3 2  P A R K  S T R E E T  

S A N T A  FE SPRINGS,  C A  9 0 6 7 0 ,  U . S . A .  

T E L  : 5 6 2 - 6 9 8 - 7 8 4 7  ° F A X  : 5 6 2 - 9 4 5 - 5 6 6 4  

INTERNET : VVVVVV.WEARTECH.NET 

i~i Made in USA 

Circ le  No.  142  on R e a d e r  I n f o - C a r d  
SEE US AT AWS SHOW BOOTH 643 
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Equipment 
too costly? 

6 kW TO 120 

20401 Gladwin Ave. • Taylor, MI ° 48180 
(734) 374-0400 www.k-set.com ~ ,  

Booth 2418 AWS ~ ,  

C i r c l e  N o  1 9  on R e a d e r  I n f o - C a r d  

j u t  ~ v{~t y t t ~ J [ J t t { ~ u t t u f t l  
dh 

WFull line of Toggle Clamps 
I~Toggle Pliers 

I~Sliding Arm Clamps 

II~Unlversal Hold Down Clamps 

I~Unique Workholdlng Tools 

Quality products at an always competitive 
price - with the greatest flexibility! 

We WELCOME your requests 
for modifications to any clamp 

f to perfectly suit your needs! ~ ~  

See us at  Booth # 4 1 3  

8 0 0 - 9 8 9 - 5 2 4 4  i . . . . .  

Call for FREE product catalog. 

VALTRA, INC. 
7141 Paramount Blvd. Pico Rivera, CA 90660 

Tel: 562-949-8625, Fax: 562-949-4875 
Web: www.goodhandinc.com 

E-Mail: valtrasales@earthlink.net 

Circle No. 64 on Reader Info-Csrd 

dustry. The company is a divi- 
sion of Superior Telecom, North 
America's largest wire and 
cable manufacturer. 

Euro-Tool 103 
Tranaaevej 14, Saeby DK 9300 
Denmark 
45 98401555; FAX 45 98401585 

Eurofilter USA 1571 
200 S. 4th St., Albion, IL 62806 
(618) 445-5413; FAX (618 445-5496 
www.champlabs.com 

Eurosider SAS 2144 
Piazza Dante 17 
Groeeeto 58100, Italy 
39 564524117; FAX 39 564418833 
www.eurosider.com 

Everest VIT, Inc, 870 
199 Hwy 206, Flanders, NJ 07836 
(973) 448-0077; FAX (973) 448-0147 
www.evsrestvit.com 

EWI 
Insti 
12s0A 

Exel Design Co. 408 
1448 19th St. 
Santa Monlca, CA 90404 
(310) 449-0054; FAX (310) 449-1154 

Expansion Seal  
Technologies 249 
334 Godshall Dr. 
Harleysville, PA 19438 
(800) 355-7044; FAX (215) 513-4333 
www.expaneionseahcom 

Expert Components 
Inc. 239 
794 Riverside Dr. 
Asheville, NC 28801 
(828) 251-0316; FAX (828) 251-9053 
www.expert-com ponents.com 

Fabricating Equipment 
News 219 
One Chase Corporate Dr., Ste. 300 
Birmingham, AL 35244 
(800) 366-0676; FAX (205) 987-3237 
www.fabequlpnews.com 

Fabricating Equipment News is 
distributed monthly to the na- 
tion's top engineers, operation 
managers, purchasing agents 
and purchasing professionals. 
Each edition provides readers 
with trustworthy and compre- 
hensive information on the fab- 
ricating industry. Every issue 
features articles on innovations, 
problem-solving tips and tech- 
niques, industry news and the 
latest fabricating trends. 

Factory Cat 682 
1509 Rapids Dr. 
Racine, Wl 53404 
(262) 632-1143; FAX (262) 632-3335 
www.factorycat.com 

Factory Cat will exhibit its line 
of industrial and commercial 
cleaning equipment, walk-be- 
hind and rider sweepers and 
scrubbers. 

Falcon Abrasive 
Mfg,, Inc. 337 
P.O. Box 713 
Walnut, CA 91789 
(800) 322-8812: FAX (909) 594-4721 

FEMI S.R.L 1854 
Viale Dell' Industria 6 
Legnaro (PD) 35020, Italy 
40 8830300; FAX 49 0830333 

Ferris State 
University 2085 
College of Technology 
109 Swan Building 
Big Rapids, MI 49307 
(616) 592-2952; FAX (616) 592-2407 
www.ferrls,edu 

FHP Elmotor AB 
Ankarsrum S-59090, Sweden 
46 49053300; FAX 46 49050990 
www.fhp-elmotor.se 

943 

FIBA Technologies, 
Inc 542 
97 Turnpike Rd. 
Westboro, MA 01581 
(508) 366-8361; FAX (508) 336-1915) 
www.fibatech.com 

Since 1958 FIBA Technologies 
has served the compressed gas 
industry Today, it provides high- 

quality equipment to the com- 
pressed gas, cryogenic and 
chemical industries. Products 
and services include tube trail- 
ers; ABS/ISO skid containers; 
ASME & DOT tube & gas com- 
pressor systems; carbon diox- 
ide, chemical and cryogenic 
storage and transport equip- 
ment; vaporizers; and hydro- 
static, ultrasonic and acoustic 
emission testing of pressure 
vessels. The company has 
DOT- and/or ASME-registered 
facilities in Massachusetts, 
Kentucky, Louisiana and Penn- 
sylvania 

Flame Technologies, 
Inc. 2052 
P.O. Box 1776 
Cedar Park, TX 78613 
(512) 219-8481; FAX (512) 2198477 

Flame Technologies will display 
its complete line of advanced 
gas apparatus equipment. 
Products to be shown include 
cutting tips for all OEM torches, 
heating equipment and rose- 
buds. One main feature will be 
state-of-the-art brazing equip- 
ment for fuel gases. The Steel 
Industry Products (SIP) division 
will feature continuous casting 
torches and tips using the ad- 
vanced post mixing designs. 
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i m pL!L,e Capacitance Discharge Welding 
[ h e  latest in Welding  Teclmology 

I m p u l s e  C a p a c i t a n c e  D i scha rge  W e l d i n g :  
The most efficient answer to your welding (joining) tasks 

Advantages:  
• Minimum parts distortion, minimum discoloring 
• High joining strength, leak-tight joints(gas or fluid) 
• Reproducible weld quality through continues monitoring 
• The process is not sensitive to different material 

combinations 
• Minimum distortion of the metallurgical structure of 

material through controlled energy dissipation 
Benefits: 
• High throughput, low rejects 
• Parts are assembly ready 
• Low energy consumption ~ 
• Speed)' return on investment 

Offering Program: 
• Energy output: 500 J to 84000J 
• PC control of  process parameters: 

Energy. 
Pressure 
Setdm~a Distance (Reject band) 
Current 

Call us for more infonnation 

I M P U L S A  - Impulse Welde r  

12000 Joules e n e r g y  
Conlrol  unit  

Ne(' U' at \',~,g; ( hica~o: Dc~ol[1 ~t -t33 

Call or Write Today for Free Literature or Demo! 
1-800-828-7333 (USA) 1-800-344-1488 (Canada) 

Circle No. 72 on Reader Info-Card 

DYNABRAD£, INC.  
8989 Sheridan Drive , Clarence, NY 14031-1490 
Phone: (716) 631-0100 ° Fax: 716-631-2073 
Web Site: http://www.dynabrade corn D Y N A B R A D E  

SEE US AT AWS SHOW BOOTH 716 
C i r c l e  No,  4 7  on  R e a d e r  I n f o - C a r d  

Flange Wizard Tools 2252 
2140 S. Santa Fe St. 
Santa Ana, CA 92705 
(714) 437-4031; FAX (714) 434-9616 
www.flangewlzard.com 

Flange Wizard® Tools will ex- 
hibit its quality hand tools for 
welders and fitters in all phases 
of the industry. Staff will be on 
hand to answer any questions 
on the products. Special show 
offers will be available at the 
booth. 

Flexovit USA, Inc. 761 
1305 Eden-Evans Center Rd. 
Angola, NY 14006 
(716) 549-5100; FAX (716) 549-7932 
www.fiexovltusa.com 

Flowdrill Inc. 420 
2031 S. Big Bend Blvd. 
St. Louis, MO 63117 
(314) 781-3933; FAX (314) 781-3610 

The company will showcase the 
Flowdrill System®, a unique in- 
novative process developed to 
form a bushed hole in a variety 
of metals by thermal and chip- 
less forming with the Flowdrill® 
tool. The system is being used 
successfully with a high degree 
of accuracy and repeatability in 
stainless and mild steel, copper, 
brass and aluminum of thick- 
nesses from '/6 in. to ½ in. The 
range of applications includes 

tubular metal furniture; wheel- 
chairs; bicycles; radiators; air 
conditioning components; man- 
ifolds for the gas and water in- 
dustries; and the manufacture 
of automobiles, trucks and util- 
ity vehicles. 

Foremost Machinery 
Corp. 1765 
425 Huehl Rd. 
Northbrook, IL 60062 
(847) 272-7880; FAX (847) 272°7948 
www.foremost machinery.tom 

Fork-Levator Inc. 1872 
Box 547, Walmore Rd., Gate 6, Bldg. 4 
Niagara Falls, NY 14302 
(716) 285-0685; FAX (716) 694-6903 
www.oaaiator.com 

Fork-Levator will feature Osa- 
lator, a popular robot indexing 
table used in robotic work cells 
throughout North America. 
Available in 2-, 3-, 4- or 5-sta- 
tion versions, it offers capaci- 
ties up to 10,000 lb. Features 
include fast cycling, natural self- 
locking, a patented orbital-lok 
drive and precise position re- 
peatability. In addition, cus- 
tomized tooling is frequently in- 
corporated into applications 
ranging from welding to laser jet 
cutting and small parts material 
handling. 

FormdrilI-Div. of 
Foremost Machinery 1866 
425 Huehl Rd. 
Northbrook, IL 60062 
(847) 272-7880; FAX (847) 272-7948 
www.foremoatmachinery.com 

Frimar SAS 1764 
Corso Italia 2 
Verdellino (BG) 24049 Italy 
39 035885272; FAX 39 035870465 
www.vtcenter.net-frimar 

Frommelt Machine 
Guarding Products 
4343 Chevenelle Dr. 
Dubuque, IA 52002-2654 
(800) 553-5560 

241 

Frommelt Safety 
Products 924 
4343 Chavenelle Dr. 
Dubuque, IA 52002-2654 
(414) 362-6366; FAX: (319) 589-2754 
www.from meltsafety.com 

Fusion Inc. 958 
4658 E. 355th St. 
Willoughby, OH 44094 
(800) 626-9501 ; FAX (440) 942-9083 
www.fuslon-inc.com 

Fusion will showcase its braz- 
ing and soldering process that 
automates volume applications 
on automatic machines. Also 
displayed will be its paste filler 
metals that are applied as sin- 
gle step. The company's ma- 
chines operate with single op- 

erator at rates between 100 and 
800 p/h. 

Gait Technical 
Services 819 
409 Broad St., Ste. 201 
Sewickley, PA 15143 
(412) 749-0100; FAX (412) 749-6075 

Gait Technical service special- 
izes in engineering, manufac- 
turing and servicing support 
equipment for the flame cutting 
industry. Its products include 
standard water tables, water jet 
cutting tables, dry exhaust ta- 
bles, automated laser cutting ta- 
bles and complete automated 
handling systems. In addition, 
it also offers filtration units for 
both wet and dry cutting appli- 
cations. The company's re- 
sources, personnel and proven 
experience enables it to pro- 
duce a variety of specialized 
products to meet any plate sup- 
port requirement. 

Gander Brands Inc. 464 
14556-121A Ave. 
Edmonton AB T5L 4L2, Canada 
(800) 661-6564; FAX (780) 447-4454 
www.genderbrand.com 

Gander Brands, a manufacturer 
of quality welding products 
since 1949, will exhibit its di- 
verse line that includes protec- 
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Boiler Tube Bevelers 
ned for Boiler Environments 

These 4 new Portable Bevelers deliver maximum power 
with reduced size and weight. Weld prep boiler tubes from 

.69" I.D. to 4.5" O.D. (17.2 to 114.7mm) up to .500" 
(12.7mm) wall quickly and accurately. 

Smallest and 
lightest bevelers in 
their class. 
Minimal side 
clearance for use 
in tight boiler 
areas. 
n I n i t m ~ r ~ l  f n ~ l i n n  

SB 
MACHINE ,69' LD. to 2.25" 0.D. 

CB 
MACHINE .50" I.D. to 2.38" 0.D. 

,847-537-8800 

SEE US AT AWS SHOW BOOTH 1039 Circle No. 50  on Reader  Info-Card 

tive garments for GTA, GMA 
and SMA welding and high-heat 
products made from quality ma- 
terials with superior craftsman- 
ship. 

Garryson, Inc. 968 
11805Westllnelndustrlal Dr. 
St. Louls, MO 63146 
(800)404-5364; FAX(800)404-5374 

Garryson will introduce and 
demonstrate Flexidisc, the first 
"flexible" flap disc of its kind. 
The company is a manufacturer 
of flap discs, flap wheels and 
quick-change abrasive prod- 
ucts, which are produced in an 
ISO9002 environment. Free 
samples will be available at the 
company's booth. 

Gas Technology Energy 
Concepts, LLC 225 
401 William L. Gaiter Pkwy., Ste. 4 
Buffalo, NY 14215 
(716) 831-9695; FAX (716) 831-0876 
www.gas-tec.com 

G-TEC will highlight its patented 
natural gas compressors for 
torch cutting, brazing, heating 
and other oxyfuel applications. 
Its systems elevate low-pres- 
sure utility gas service up to 50 
Ib/in. 2. Users can fill their own 
adsorbed gas low-pressure 
storage cylinders for on-site 

jobs. Also exhibited will be its 
natural gas cutting and brazing 
torch tips. Key industries for the 
company include manufactur- 
ing, fabrication, refrigeration, 
scrap metal, boiler repair, 
plumbing/HVAC, general con- 
tracting, maintenance/repair 
and steel service centers. 

Gases & Welding 
Distributor 522 
1100 Superior Ave. 
Cleveland, OH 44114 
(216) 696-7000; FAX (216) 931-9624 

Gasflux Co. 2224 
32 Hawthorne St., P.O. Box 1170 
Elyria, OH 44036-1170 
(440) 365-1941; FAX (440) 365-3495 
www.gasfluxusa.com 

Gasflux will demonstrate its 
specialed process of introduc- 
ing a flux automatically into the 
flame for torch brazing. For 
more than 60 years, the com- 
pany has promoted this pro- 
cess, which is successfully used 
with many applications when 
copper/zinc, copper phospho- 
rus and silver brazing alloys are 
used as a filler metal. The pro- 
cess can be easily adapted to 
work with most manual and au- 
tomatic brazing systems. It also 
manufactures paste fluxes for 
low-, medium- and high-temper- 

ature silver brazing and sup- 
plies quality brazing alloys. 

GasTech Products, 
Inc. 867 
7547 Kellogg Rd. 
Concord, OH 44077 
(440) 358-9966; FAX (440) 358-9966 
www.gastechproducts.com 

GBC-America 406 
2519 E. Southmore 
Pasadena, TX 77502 
(713) 472-8122; FAX (713) 472-6804 
www.gbcindust rlaltools.com 

GBC-America will exhibit and 
demonstrating portable pipe/ 
tube pneumatic and electric 
beveling, cutting and other ac- 
cessory pipe/tube working prod- 
ucts. Unique design and bene- 
fit features make it possible to 
cover a broader diameter of 
sizes with fewer machines, 
ranging in diameter from ½ to 60 
in. in either I.D. or O.D. mount 
options. 

Gedik Welding Inc. 201 
Ankara Cad. No. 28 
81520 SeyhlI-Pendik 
Istanbul, Turkey 
90 2163785000; FAX 90 2163787936 
www.gedik.com.tr 

Gedik Welding will showcase its 
numerous types of welding 
electrodes, GMA welding wires, 

GTAW rods and submerged arc 
welding wires. 

General Cylinders 
Corp. 760 
1685 Shermer Rd. 
Northbrook, IL 60062 
(847) 272-7500; FAX (847) 272-9161 
www.gencyl.com 

General Cylinders will highlight 
its complete line of high pres- 
sure cylinders from Medical B 
through 400 cu ft. 

Generico 674 
4525 Edison Ave. 
Chino, CA 91710 
(909) 606-2726; FAX (909) 606-6485 
www.generlco.com 

Generico will exhibit its line of 
gas welding, heating and cut- 
ting equipment. The company 
plans to introduce hundreds of 
new products this year. Some 
of the new items on display will 
be torches, regulators and the 
GenAir line of air/gas welding 
apparatus. Also on display will 
be a full line of point-of-pur- 
chase packaged items, as well 
as its most popular welding and 
cutting outfits. 

GenusTech 2262 
340 N. Main, Ste. 318 
Plymouth, MI 48170 
(734) 459-3100; FAX (734) 459-1219 
www.genusteeh.com 

GenusTech will highlight its new 
series of electronic-controlled, 
DC motor-actuated power ramp 
clamps used in automotive 
welding systems, robotic grip- 
per applications and in fixtures 
on automated guided vehicles. 
These electric clamps dramati- 
cally reduce fixture complexity 
and lower total costs. In addi- 
tion, the company will exhibit the 
pneumatic series of power ramp 
clamps, pin Iocators, and rotary 
clamps used in body in white 
applications. 

Genweld 674 
4525 Edison Ave. 
Chino, CA 91710 
(909) 606-2726; FAX (909) 606-6485 

Genweld will exhibit its line of 
gas welding, heating and cut- 
ting equipment. Several new 
products, including torches, 
regulators and accessory items, 
will be introduced. Also on dis- 
play will be a full line of point- 
of-purchase packaged items, as 
well as the company's most 
popular welding and cutting out- 
fits. 
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Georg Fischer Pipe 
Tools 1145 
407 Hadley St., Holly, MI 48442 
(248) 634-8251; FAX (248) 634-0574 
www.gfdlsausa.com 

Georg Fischer will exhibit tools 
to simultaneously cut and bevel 
tubes and pipes made of high 
alloy steel/stainless steel, lOW 
and unalloyed steel and casting 
material. This unique titanium- 
coated tool can be used in a 
combination format with the 
company's RA2, 4, 6, 8, 12 or 
RA21, 41 cut-off machines to 
save time and money. l I ( ' - "  

i'i H il  
German Welding 
Society 857 
Aachener Strasse 172 
Dusseldorf 40223, Germany 
4902111591302; FAX: 49 02111591300 
www.valtrainc.com 

Good Hand, Inc. 413 
720 S. Vail Ave. 
Montebello, CA 90640 
(323) 722-5244; FAX (323) 725-7226 
www.valtrainc.com 

Good Hand will display its 
Strong Hand sliding arm clamps 
(f-clamp style) with fully re- 
placeable components. It will 
also feature toggle clamps for 
use in a wide variety of hold 
down and OEM applications. 
Toggle clamp models include 
horizontal, vertical, push/pull, 
latch, pliers, heavy duty and 
pneumatic. Also on display will 
be a full line of operating acces- 
sories including handles, hand- 
wheels, knobs, levers, cranks, 
work holding tools and specialty 
fasteners. 

Goss will feature a new line of 
reduced-size welding handles 
and tips. Its Stubby line is de- 
signed for welding in areas of 
limited access or where im- 
proved tip control is required 
and includes specialty tips such 
as the twin, flex and "G" design. 

GOW-MAC Instrument 
Co. 859 
277 Brodhead Rd. 
Bethlehem, PA 18017 
(610) 954-9000; FAX (610) 954-0599 
www.gow-mac.com 

GOW-MAC Instrument Co. man- 
ufactures gas analyzer packages 
and systems for user-specified 
applications. Systems are based 
on its complete line of GCs, point- 
of-use gas analyzers and data 
reduction systems. Analyses in- 
clude industrial, welding, corro- 
sive and electronic, medical, and 
natural gases; oil and petro- 
chemical; flavors and fragrances; 
power, steel and chemical indus- 

THE LONGER 
LASTING CAP 

For Resistance Welding of All Galvanized Steels 

N o  sticking o r  conditioning period for rapid start up 
Self-dressing during useful life 
Top quality welds during opera - -  
Uses less electrical power  

~ CMW Inc. 
70 South Gray St. 
Indianapolis, IN 46201 
Phone:317-634-8884 
Fax: 317-638-2706 
e-mail: cmw@cmwinc.com 
hnp://www.cmwinc,com/cmw 

ISO 9 0 0 2  n w m M  
Cerdfica[e Number: 31677 M E M B E R  

Circle No. 34 on Reader Info-Card 

tries; moisture analysis in corro- 
sive streams; environmental; and 
more. 

Gross Stabil Corp. 506 
333 Race Street, P.O. Box 368 
Coldwater, MI 49036 
(517) 278-6121; FAX (517) 278-5523 

Gross Stabil, a manufacturer of 
high-quality, German-made 
metalworking and woodworking 
clamps since 1885, will offer its 
Value Series clamps, regular 
and heavy-duty clamps, corner 
clamps, quick-lever clamps and 
clamppliers, as well as many 
other welding and industrial 
products. 

GSI Lumonics 306 
19776 Haggerty Rd. 
LIvonia, MI 48152-1016 
(734) 591-0101; FAX (734) 591-0045 
www.gsilumonics.com 

Guard-Line, Inc. 2009 
215-217 S. Louise St. 
Atlanta, TX 75551 
(903) 796-4111; FAX (903) 796-7262 
www.guardline.com 

Gulf Wire Corp. 729 
P.O. Box 29849 
New Orleans, LA 70189 
(504) 254-0062; FAX (504) 254-1220 

Gulf Wire, a fully integrated 
manufacturer of aluminum 

welding wire, will exhibit its com- 
plete line of diamond draw filler 
metals. Also on display will be 
its newly expanded stainless 
filler metal line. Both product 
lines will be exhibited in the En- 
glish and metric configuration. 

~ ,  OH 44146 
MBI)'I4=Hm3; F~  p40) 
~ k g u l l c o . c o m  

Gullco will exhibit its new SAM 
Sub-Arc MOGGY, a four-wheel 
drive, heavy-duty carriage with 
steering. The electronic control 
will enable the carriage to be 
used in both the CV and CC 
mode. The Gullco/Meta Laser 
Tracker and Tactile Seam 
Tracker will be shown using 
state-of the-art electronic motor 
controls. Also on display will be 
the Gullco Oscillator and Gullco 
ceramics will be highlighted to- 
gether with plate beveling ma- 
chines 

H & B Distributors 1130 
14711 Artesie Blvd. 
La Mirada, CA 90638 
(800) 660-0880; FAX (877) 542-8665 
www.ausmultitool.com 

H & B Distributors will introduce 
two Australian-made grinder at- 

tachments to the Uniteds 
States. The Multitool attaches 
to most any 6- or 8-in. bench 
grinder andconverts it into a belt 
and disc grinder that can be 
used on all metals and to 
sharpen tungsten electrodes. 
The tool can be used for super- 
fast roughing or super-fine fin- 
ishing and polishing. The Porta- 
grind converts a 4- or 4½-in. 
angle grinder into a belt sander 

H & H Sales Co., Inc. ~ /  
d/b/a H & H E q u i ~  
Co. 1 4 9 3  
P.O. Box 686 
Huntertown, IN 46748-0686 
~!~u7-3177; FAX (219) ~7-6~o 

~ u p e r s i t e . c o m / h h e q u l p  

H & M Pipe 
Machine C© 
311 E. Third SL 

~T~I~  OK 74120 
~ , , Im2-9984 ;  FAX (91S) 582-9989 
~ m p l p e . c o m  

H & M will display its line of sad- 
dle and band-type pipe cutting 
and beveling machines for 
working pipe from 2 to 96 in. in 
diameter. Included are the Pipe 
End Prep Lathe 400 and 800 for 
machining bevels, lands and 
counter bores on pipe 1 to 8 in.; 
the new master chain clamps 
for aligning flanges, elbows and 
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tees; shape cutting attachments 
for saddling and mitering pipe; 
flange pins; pipe alignment 
clamps; and other pipe-related 
items. 

H & S Tool, Inc. 258 
718 Weber Dr. 
Wadsworth, OH 44281 
(330) 336-4550; FAX (330) 339-9159 
www.h-etool.com 

HaberlelKen Bergman & 
Associates 261 
10533 S. Lorel 
Oak Lawn, IL 60453 
(708) 422-1036; FAX (708) 422-3604 
www.haberleuse.com 

HACO-At lant ic,  Inc. 839 
11629 N. Houston Rosslyn Rd. 
Houston, TX 77086 
(281) 445-3985; FAX (281) 445.3989 
www.hacoetlentlc.corn 

Handi Disc/Bits 2209 
P.O. Box 851, Bristol, RI 02809 
(401) 253-1330; FAX (401) 253-1377 
www.handldlsc.com 

Joseph A. Thomas, Ltd., will dis- 
play its Handi Disc flexible abra- 
sive wheel and Handi Bits multi- 
purpose drill bits. Also exhibited 
will be two new products, a 
seven-piece drill-bit set in a 
durable vinyl pouch (perfect for 
the tool box) and an extensive 
18-piece bit set. 

Harris Welco will display GMAW 
and GTAW production alloys in 
stainless steel, aluminum, sili- 
con bronze, deoxidized copper, 
aluminum bronze, phosphorus 
bronze, mild steel and stainless 
steel; mild steel flux cored al- 
loys; and production electrodes 
for stainless steel, aluminum, 
mild steel, nickel-chromium and 
Monel. Also to be shown are 
soldering and brazing alloys in- 
cluding phos/coppers, high sil- 
vers, brazing pastes, fluxes, low 
fuming bronze, antispatter, noz- 
zle gel, super cold galv, cover 
lenses, filter plates, tip clean- 
ers, gloves, brass gauges, 
spark lighters, brushes, ground 
clamps, wrenches, chipping 
hammers, cylinder caps, tung- 
sten abrasives, cable, hose and 
Optrel helmets. 

Hawkins Metalworks 1989 
708 Twin View 
Heath, TX 75032 
(972) 771-3708 

HE&M Saw 1966 
P.O. Box 1148, Pryor, OK 74362 
(918) 825-4821; FAX (918) 825-4824 
www.hemsaw.com 

HE&M Saw will feature more 
than 40 different models of pro- 

duction band saws for the metal 
working industry, including ver- 
tical, horizontal, plate and dou- 
ble column saws with capacities 
ranging from 12 x 12 in. to 80 x 
80 in. 

Heath, Michelle & 
Andy 
P.O. Box 1148, Teos, NM87671 
(505) 776-1624 

1990 

Heck Industr ies 425 
P.O. Box 425, Hartland, MI 48353 
(810) 632-6400; FAX (810) 632-6640 

E. G. Heller's Son, 
Inc. 1252 
18330 Oxnerd St. 
Tarzana, CA 91356 
(318) 881-6900; FAX (818) 344-8898 
www.hellerson.com 

E. G. Heller's Son will exhibit 
plate rolling machines including 
initial-pinch, double pinch pyra- 
mid and four-roll double pinch 
machines. The four roll machine 
will also be available in me- 
chanical sizes through ~6 in. x 
5 ft. It will also show its section 
rolling machine, which includes 
pyramid and double-pinch sec- 
tion rolls, and a new high-speed 
press brake and multifunctional 
ironworker. 

Henning Hansen, 
Inc. 2448 
P.O. Box 220 
Plckerlng, Ont. LIV 2R4, Canada 
(905) 839-7481; FAX (905) 839-3686 

Stork-Herron Testing 
Labs, Inc. 2125 
5405 E. Scheef Rd. 
Cleveland, OH 44131 
(216) 524-1450; FAX (216) 624-1459 

Stork-Herron Testing Labs pro- 
vides fundamental properties 
testing of metals and metal al- 
loys. Its capabilities include me- 
chanical testing, chemical anal- 
ysis, metallography, failure 
analysis and welding certifica- 
tion services for private indus- 
try, the military and state and 
Federal governments. Herron's 
numerous accreditations in- 
clude A2LA, FQA and TUV, and 
it has more than 70 client ap- 
provals including aerospace, 
automotive, commercial, nu- 
clear and government market 
segments. 

" . . .  

Hitco Carbon 
Compos i tes ,  Inc. 711 
1600 W. 135th St. 
Gardena, CA 90249 
(800) 421-5444; FAX (310) 515-1779 
www.sgl-hltco.com 

Hitco Carbon Composites will 

highlight Refrasil high-tempera- 
ture resistant textiles that are 
silica products designed specif- 
ically to replace asbestos. Re- 
frasil retains strength to contin- 
uous temperatures of 1800°F. 
Refrasil Welding Grade Cloth 
(WGC) products are effective in 
applications such as welding 
blankets and screens, person- 
nel protection shields, equip- 
ment protection and stress re- 
lieving pads. WGC products can 
protect personnel, equipment 
and finishes from molten metal 
spatter and sparks. 

H o b a r t ~  

B ' tm. ,=oo :  ~AX 1,7) 332-s~.4 
~ l ! ~ m r  tbrot hers.com 

Hobart will exhibit a compre- 
hensive full line of filler metal 
products including mild steel 
electrodes, mild steel solid 
wires, flux cored and metal 
cored tubular wires, as well as 
stainless and hardsurfacing 
products. The newest improve- 
ments and formulations will be 
featured. Hobart engineers and 
sales professionals will be on 
hand to assist visitors in weld- 
ing solutions and product rec- 
ommendations. 

Hobart Institute of 
Welding Tech. 1810/2086 
400 Trade Square E. 
Troy, OH 45373 
(800) 332-9448; FAX (937) 332-3200 
www.weldlng.org 

The Hobart Institute of Welding 
Technology will preview its all- 
new SMAW video courseware 
and the recently released 
GMAW video series, both of 
which meet QC-10 and EG-2.0 
standards. Also on display will 
be the Weld_IT© CD-ROM weld 
cost estimator and the 700- 
page weld encyclopedia with 
engaging graphics for cutting 
and pasting instructional aids. 
Information will be available on 
the Institute's variety of pro- 
grams including skill career 
training and customized techni- 
cal and specialized training 
courses with certification. 

Hobart Welding 
Equipment 1606 
1635 W. Spencer St. 
Appleton, Wl 64914 
(920) 735-4033; FAX (920) 735-4013 
www.hobartwelders.com 

Hoodlum Welding 
Gear 2318 
12201 Champlln Dr. 
Chernplln, MN 55316 
(612) 712-3740; FAX (612) 422-3838 
www.hoodlu m-welding.corn 

Hornell 
Inc. 
2374 Edism 

 AX(.o)42 , 
~ g l a e . c o m  

Hougen Mfg., Inc. 1041 
3001 Hougen Dr. 
Swartz Creek, MI 48473 
(810) 635-7111; FAX (810) 635-8277 
www.hougen.com 

Howard Leight 1673 
7828 Wetervllie Rd. 
San Diego, CA 92173 
(800) 327-1110; FAX (619) 661-8393 
www.howardlelght.com 

Hyd-Mech Saws 435 
1079 Perklnson Rd. 
P.O. Box 1030 
Woodstock, Ont. N4S 8A4, Canada 
(619) 539.6341; FAX (519) 539-5126 

Hydropedes Insoles 2069 
955 Irwin Rd., Barstow, CA 92311 
(760) 256-4404; FAX (760) 256-4414 
www.hydropedes.corn 

Hyundai Welding 
Products, Inc. 882 
333 Pierce Rd., ate. 235 
Itasca, IL 60143 
(630) 250-1511; FAX (630) 250-8905 

IBEDA Superflash Gas 
Safety Equipment 2174 
31379 Loraln Rd. 
N. Olmeted, OH 44070 
(440) 716-9960; FAX (440) 716-9964 
www.applled-lnc.com~beda 

Impact Engineering, 
Inc. 1955 
500 E. Blddle St., Jackson, MI 49203 
(617) 789-0098; FAX (517) 789-1038 
www.lmpectwelding.com 

Featured will be an arc weld 
quality monitoring system that 
provides real-time analysis 
through monitoring, data acqui- 
sition, automated process fault 
detection, WELD SIGNATURE TM 

analysis and automated diagnos- 
tics. The ARCAgent" 2000 and 
ARCAgent TM 3000P portable 
systems analyze current, volt- 
age, gas flow and wire feed to 
verify weld process operation. 
The ARClient® software pro- 
vides data logging, graphical 
process analysis, SPC and pro- 
duction reporting information. 

Imper ia l  Weld Ring 
Corp. 541 
80-88 Front St. 
Ellzabeth, NJ 07206 
(908) 364-0011; FAX (908) 354-9014 

Impulse System 
Technology, Inc. 433 
7 Cherry Lane 
Upper Saddle River, NJ 07458 
(201) 825-1049; FAX (201) 825-1049 
www.lmpulse-eyet.com 
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Get the most from what you make 
with Rectron's recycled welding flux. 

Rectron's recycled welding flux is guaranteed to meet your welding requirements 
through SPC controls. Our 30,000-square-foot facility houses three production 
lines with computer-controlled proportional heating, double screening, multiple 
magnetic separation and an eight-ton blending and packaging line. 

With over 20 years of experience, you can rely on Rectron's customized services. 
Choose from 65-, 100-, and 2000-pound bags shipped to you in our own trucks. 
And we are equipped to certify your flux for ASME or AWS code work. 

To learn more about Rectron's quality welding flux, write or call Rectron, Inc., 
301 Hayes, Chelsea, Michigan 48118, Phone (313) 475-7578, Fax (313) 475-7607. 

TR N 
RECTRON IS IMPROVING THE ENVIRONMENT AND YOUR BOTTOM LINE 

C i r c l e  No .  1 18  o n  R e a d e r  I n f o - C a r d  

.~STmU~UU~,NY Z~OZo 

F H #  (518)883-4277  

FAX (518)883-3082 , 

!!!!! , 

WATER RESISTANT 
WELDING RODS 

7018 rods that last gears 
in ang wEathEr! 

P R O D U C T S  
W E T - 7 0 1 8  # 2 0  Ibs. can 
V U L C A N 1 . 5 X  u,r=t,.r~,c cut~.o rods 
V U L C A N  2 X  Ultrathormic Cutting rods 
W E T - J E T  UNDERWATER RODS 

$ 8 0 . 0 0  (=4.00 ,b) 
$ 6 9 . 0 0  BOX 
$ 6 9 . 0 0  B o x  
$15 lb. 

"Think WET and Know it's 
C i r c l e  No .  1 4 7  o n  R e a d e r  I n f o - C a r d  

Inco Alloys Int., IAI 
Welding Products, A 
Specia l  Metals Co. 723 
1401 Burrls Rd. 
Newton, NC 28658 
(828) 465.0352; FAX (828) 464-8993 
www.speclelmetals.com 

Industrial Machine 
Trader 207 
1003 Central Ave. 
Fort Dodge, IA 50501 
(800) 247-2000; FAX (515) 955.3753 
www.vulcanpub.com 

Industrial Machine Trader, pub- 
lished by Heartland Industrial 
Group, is a weekly nationwide 
publication that brings together 
buyers and sellers of new and 
used industrial equipment. 

Industrial Machinery 
Digest 219 
One Chase Corporate Dr., Ste. 300 
Birmingham, AL 35244 
(800) 366-0676; FAX (205) 987-3237 
www.indmscdlg.com 

Industrial Machinery Digest 
provides leads to potential buy- 
ers prequalified by industry type 
and buying power. Lists are ro- 
tated every issue to ensure 
reaching the most responsive 
buyer available. 

Industrial Market 
Place 422 
7842 N. Lincoln Ave., Skokie, IL 60077 
(847) 876-1900; FAX (847) 676-0063 
www.lnd u strialm kt pLcom 

Inert ia Fr ic t ion Welding, 
Inc. 773 
1801 S. Main St. 
South Bend, IN 46613 
(218) 287-7461; FAX: (219) 289-5984 
www.lfweld.com 

Innerlogic Inc. 1585 
455 Fleming Rd., Charleston, SC 29412 
(843) 795-4286; FAX (843) 795-8931 
www.pleemacut.com 

Intelligent Monitoring 
Systems, LLC 1970 
1365 Horseshoe Dr. 
Blue Bell, PA 19422 
(610) 278-9325; FAX (610) 278-9325 
www.weldlngnet.com 

The welding monitor system 
Smart Boss TM will be featured. 
The system allows an engineer, 
supervisor or shop owner to 
oversee the operation on the 
floor at any time and collect the 
data necessary to make impor- 
tant decisions such as when to 
order material and how much, 
welder training needs, the num- 
ber of parts produced and the 
condition of the equipment. 
Weld parameters also can be 
recorded for each weld. 

Intercon Enterprises, 
Inc. 1070 
1125 Fir Ave., Blaine, WA 98230 
(800) 865.6655; FAX (604) 946-6066 

In ter tech Systems, 
Inc. 2071 
2334 Hasssll Rd. 
Hoffman Estates, IL 60195 
(847) 839-1920; FAX: (547) 839-9878 

Inv inc ib le  A i r f ow  
Systems 1922 
P.O. Box 380, Baltic, OH 43804 
(330) 897-3200; FAX (330) 897-3400 

Highlighted will be six-horse- 
power welding flux recovery 
systems designed to save costs 
for submerged arc welding op- 
erations. The machines recover 
all unfused flux from the work, 
remove slag or fused particles 
and return slag-free flux to the 
hopper. Built for heavy-duty ser- 
vice, the equipment is compact, 
lightweight, portable and easily 
installed. 

Inweld Corp.: 
s ~  Po~mdSt. i ~  

~ l ~ ,  PA 100¢t ,~1~ ~ ' ~ ' ;  '~ 
iiiE~el.100o; FAX (510) ~e1.0744 
~ w t l d c o t p o r a t ! o n . c o m  

On display will be a full range of 
GMAW and GTAW alloys, tung- 
sten, CO 2 welding wire, cov- 
ered electrodes, gouging car- 
bons, electrode holders, ground 

clamps, silver solder, stainless 
steel wire, phosphor copper, 
flux-coated and bare bronze al- 
loys, welding cables and alu- 
minum wire. Also shown will be 
nickel alloys, deox copper, an- 
tispatters, nozzle gel, mainte- 
nance alloys and point-of-sale 
items. Product line literature 
and catalogs will be available, 
and staff will be on hand to an- 
swer questions. 

IPR-RAS Weld ing  2420 
12 Mayflower Ln. 
Weeton, CT 06883 
(203) 222-0298; FAX (203) 221-1712 
www.lpr-ras.com 

IRT-Scanmaster 
Systems, Inc. 828 
5 Congress St., Nashua, NH 03062 
(803) 588-0688; FAX (603) 598-6699 

ITA, Inc. 871 
532 Route 15, Sparta, NJ 07871 
(973) 579-3400; FAX (873) 579-322 
www.lta.cc 

ITW Dykem/Dymon 2103 
805 E. Old 58 Highway 
Olathe, KS 66061 
(800) 443-9536; FAX (800) 323-9536 
www.dykem.com 

Iwatani Int'l Corp. 
of America 1685 
2050 Center Ave., ate.425 
Fort Lee, NJ 07024 
(201) 585-2442; FAX (201) 585-2369 
www.lwatanl.com 
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Get The Toughness Up. 

Keep The Cracks Out. 
W e  H a v e  T h e  S o l u t i o n  

Call the Advanced Applications Team at 

800-342-1577 
w w w . t o c c o . c o m  

1 

The Most Reliable Heat in the Wor|d TM 

Circle No, 152 on Reader Info-Card 

SEE US AT AWS SHOW BOOTH 2004 

robotic torches, cleaning sta- 
tions, push-pull guns, water 
coolers and specialty welding 
products. 

Kawasaki Robotics 
(USA), Inc. 1482 
28059 Center Oaks Ct. 
Wlxom, MI 48393 
(248) 305-7610; FAX (248) 305-7618 
www.kawasaklrobot.com 

Kayo Products Co., 
Ltd. 1964 
P.O. Box 118-355 
Taipel, Talwan R.O.C. 
886 2 87873050; FAX 886 2 87871937 
www.a-kayo.com 

Kedman Co. m Huntsman 
Product Div. 1407/1411 
762 S. Redwood Rd. 
Salt Lake City, UT 84104 
(800) 999-9112; FAX (888) 323-4545 

Kedman will showcase its per- 
sonal protective equipment and 
welding safety products. Prod- 
uct lines include welding hel- 
mets, eletronic lenses, 
faceshields, safety spectacles, 
brackets, hearing protection 
and more. New product intro- 
ductions at the show this year 
will feature the Anser welding 
helmet, four-sensor electronic 
lens technology and new mer- 
chandising displays. 

J&S Machine, Inc. 2259 
W5901 49th Ave. 
EIIsworth, Wl 54011 
(715) 273-3376; FAX: (715) 273-5241 
www.jsmachine,com 

A complete line of welding ac- 
cessories and personal protec- 
tion equipment will be high- 
lighted. Featured will be weld- 
ing helmets, EQC auto darken- 
ing filters, lenses and plates for 
a wide selection of welding pro- 
tection, safety caps, face 
shields, hearing protection, 
safety glasses and goggles. 

Featured will be the Slugger 
portable, magnetic drilling ma- 
chine and center-free annular 

cutting machines. Also on display 
will be drills, thin metal cutters and 
Roto Star rotary welding posi- 
tioner. 

Jaz USA, Inc. 755 
2300 Maywood Dr. 
Bellwood, IL 60104-2518 
(877) 529-8722; FAX (577) 529-3291 
Www.Jaz.es 

Jepson Power Tools 101 
20333 S. Western Ave. 
Torrance, CA 90501 
(310) 320-3890; FAX (310) 320-1318 
www.jepsonpowertools.com 

Jesco Industries Inc. 510 
950 Anderson Rd. 
Utchfleld, MI 49252-0388 
(517) 542-2903; FAX (517) 542-2501 
www.jesco-wipco.com 

Featured will be robotic barrier 
guarding systems for protection 
around flexible robotic systems, 
which include welding, assem- 
bly, dispensing, machine tend- 
ing, deburring, material han- 
dling, finishing, palletizing and 
many other applications within 
a wide range of industries in- 
cluding automotive, aerospace, 
appliances, off-road and ware- 
house. Representatives will be 
on hand to help develop barrier 
guarding or fence systems. 

Jet Wheelblast 
Equipment 2328 
401 Miles Dr., Adrian, MI 49221 
(517) 263-0502; FAX (517) 263-0038 
www,c4systm.com/JetWheel/ 

The company will offer a wide 
variety of dry and wet auto- 
mated blast cleaning equipment 
specifically developed for pro- 
cessing fabricated parts and 
components. In addition, it will 
feature both conventional im- 
pelled control cage blast wheels 
and its air-injected blast wheels 
for cosmetic finishes. The com- 
pany manufacturers self-con- 
tained systems for monorail and 
roller pass through applications, 
wire mesh conveyor systems, 
spinner hanger machines and 
patented multitumblers. 

The company will highlight its 
GMA welding guns and GTA 
welding torches and acces- 
sories. Also featured will be its 

KETER Consu l tan ts  566 
8270 Archer Ave. 
Willow Springs, IL 60480 
(708) 839-6600; FAX: (708) 839-0360 
www.keter.com 

Kinco Int'l Inc. 2228 
9788 S.E. 17th Ave. 
Portland, OR 97222-7332 
(800) 547-8410; FAX (503) 653-4905 
www.kinco.com 

Kinco will showcase its com- 
plete line of garments. On dis- 
play will be its full line of leather 
palm, drivers, cotton, cold 
weather, string and dipped 
gloves. 

King Bag & Mfg. 
Co. 743 
1500 Spring Lawn Ave. 
Cincinnati, OH 45223 
(513) 541-5440; FAX (513) 541-6555 

The company will feature cus- 
tom-made products, including 
welding curtains, blankets and 
high-temperature cloth items 
made to user specifications. 
Also highlighted will be portable 
welding frames with all acces- 
sories, track trolley, strip doors 
for both indoor and outdoor use, 
along with rolled goods and strip 
materials. 
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FABTECH Internat ional  
is the best source 
for metal  forming 

& fabr icaUng 

It's the smartest way to research the 

Latest technologies. It's the most 

effective way to find new product 

applications. And, it's the best place to 

discuss sotutions with the world's top 

technical experts. With over 700 

exhibiting companies, you won't find a 

more complete resource for making 

purchase decisions or finding new ideas. 

MORE e x h i b i t o r s  
a n d  e q u i p m e n t . '  

!iii~ 

ji! 

S e e  a n d  l e a r n  
m o r e  a b o u t  t h e s e  
t e c h n o l o g i e s :  

• Bending/FoLding 

• Coil Processing 

• ControLs & Computer Systems 

• Cutting 

• Finishing 

• Lasers 

• Material HandLing 

• PLate & Structural Fabricating 

• Pressworking/Stam ping 

• Punching 

• Robotics 

• RoLL Forming 

• Safety Equipment 

• Tube & Pipe TechnoLogy 

• WeLding 

F A B T E C H  ° 
I N T E R N A T I O N A L  
Tube & Pipe Pavilion • Presstech Pavilion • Welding Pavilion 

North America's Largest Annual Metal Forming 
and Fabricating Exposition and Conference 

N o v e m b e r  1 4 - 1 6 ,  2 0 0 0  * I - X  C e n t e r  • C l e v e l a n d ,  Ohio  USA 

Cosponsored by the 
industry Leaders 

~ Society of Manufacturing Engineers ,~Iml~lL~-~ Fabricators & Manufacturers Association, Int|. 
(800) 733-4763 • www.sme.org/fabtech ~-~qJl~m ~ (800) 432-2832 • www.frnafabtech.com 



8" HARDBOARD 
10 LB. CAPACITY 

11-13/16" HARDBOARD 
30 LB. CAPACITY 

27" PLYWOOD 
.R£11"11 R C, APA~ITY 

11-13/16" HARDBOARD 
45 LB. CAPACITY 

/ 

14" HARDBOARD 
60 LB. CAPACITY 

22" PLYWOOD 
250 LB. CAPACITY 

i 
,r 

r ~ 

30" PLYWOOD 
750 

W e ' r e  y o u r  O N E  CALL for  

• P last ic  and  h a r d b o a r d  spools  
• W i r e  b a s k e t s  
• Bu lk  w i re  ree ls  

. . .Manufactured to AWS 
standards or  custom designed. 

FIC 

,~ITY 

11-3/4" WIRE BASKET 
33-44 LB. CAPACITY 

~PERED 
LYWOOD 
30 LB. 
APACITY C A R R I S  

-------REELS 
8 0 2 - 7 7 3 - 9 1 1 1  

30" "~ 
PLYWOOD 

WITH 
RUNNERS 

1000 LB. 
CAPACITY 
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Kist ler  Ins t rument  
Corp. 2066 
75 John Glenn Dr. 
Amherst NY 14228-2171 
(888) 547-8537; FAX (716) 691-5226 
www.klstler.com 

Kist ler  Machines Co. 567 
Brunnenweg 15, D-88348 
Saugau D-88340, Germany 
49 75834177; FAX: 49 75833966 

Kl imawent -Cent re  
of Ventilation 
Engineering 1382 
Chweezczynska 194 
Gdynia 81-571, Poland 
0048 586296480; FAX 0048 586296419 

The company will showcase its 
exhaust and filter-ventilating 
units for removal of welding 
fume and dust, including suc- 
tion arms coacting with fans or 
an exhaust system, welding sta- 
tions with fume extraction, filter- 
ventilating units with exchange- 
able needled cloth filter sets, fil- 
ter-ventilating units with auto- 
matically cleaned cartridge fil- 
ters, filter-ventilating units 
coacting with semiautomatic 
head for gas-shielded welding 
and mobile suction arms coact- 
ing with a self-tightening ex- 
haust duct. 

Koba l loy  Co. 601 
4344 S. Main, Pearland, TX 77581 
(281) 482-7007; FAX (281) 482-9216 

Koballoy will display welding fil- 
ler metals, including the KO- 
BELCO line of welding wires for 
low-alloy, stainless steel and 
flux cored welding. An experi- 
enced staff will be available to 
offer assistance for end users 
and distributors. A modern mo- 
bile demonstration trailer will be 
used for on-site demonstrations. 

Kohler  Engines 852 
444 Highland Dr., Kohler, Wl 53044 
(920) 457-4441; FAX (920) 459-1747 
www.kohlerenglnes.com 

Koike Aronson Inc. 1219 
635 W. Main St., Arcade, NY 14009 
(716) 492-2400; FAX (716) 457-3517 
www.koike.com 

Koike Aronson, manufacturer of 
thermal cutting machines, 
portable cutting machines 
portable welding carriages, gas 
apparatus and welding position- 
ing equipment, will present live 
cutting demonstrations using a 
CNC programming system. On 

INTRODUCING 
THE REVOLUTI( 

AP-I 

FLUX RECOVERY SYSTEM 

$1068. 00*F.o.o FA., 
BUYS AN 
INCREDIBLY EFFI 
MACHINE...  TF 
SAVE YOU THOL 
DOLLARS EACH V 

SEE US AT THE 2000 AWS W I ~  SHOW 
BOOTH 1835 OR CALL US NOW IF YOU 
ARE INTERESTED W: 
• Increasing your profits. 
• Recovering valuable sub-arc flux. 
• Creating a healthy, dust free workplace. 
• Reducing maintenance costs. 
• Exceptional equipment, excellent service 

and great ideas! 
www.weldenginee rin.q.com 
• Price subject to change wil~out notice 

INEXPENSIVE, RUGGED, AND POWERFUL 
I MOUNTS EASILY ONTO MOST 
TIC SUBMERGED ARC WELOINO 
!NT. 

iMPORTANT FEATURES: 
• Adds no oil or water to the flux 

and produces no damage to 
the recovered flux particles. 
since flux is never in 
compressed a~r stream. 

• Vacuum air pump is on lxhault 
side and undesirable con- 
taminants, fines and dust ere 
discharged into a very efficient 
dust bag assembly. 

• No moving parts in air pump, 
and no internal filters to wear 
out. 

• Very efficient air pump 
produces a higher vacuum, 
uses less air, and is quieter 

c than most competitive models. 

For ordering information 
please contact: 

WELD 
ENGINEERING CO., INC. 

34 Fruit St. 
Shrewsbury, MA 01545 (U.S.A.) 
Telephone:(508)842-2224 
Fax:(508) 842-3893 

C i r c l e  N o ,  1 4 4  o n  R e a d e r  I n f o - C a r d  
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display will be a variety of new 
equipment featuring the latest 
technology in oxyfuel, plasma 
and laser cutting, and welding 
positioners, turning rolls and 
manipulators. 

Komatsu Cutt ing 
Techno log ies  Inc. 105 
265 eallardvsle St. 
Wilmington, MA 01887 
(978) 658-1650; FAX (978) 658-1655 
www.flnepleema.com 

Komatsu will feature its Rasor TM 

Fine plasma system, an x-y-axis 
cutting table for sheet metal and 
plate up to 1.5 in. thick. The sys- 
tem features patented torch- 
head technology to produce 
precision parts with close toler- 
ances, narrow kerf widths, 
sharp, clean square edges and 
edge finishes. 

Koo lant  Koolers,  Inc.1436 
2625 Emerald Dr. 
Kalamazoo, MI 49001-4542 
(616) 349-6800; FAX (616) 349-8991 

Koolant Koolers will showcase 
its industrial chillers and cool- 
ers for constant temperature 
control of process fluid, includ- 
ing the cooling of spot, seam 
and projection resistance weld- 
ing equipment; lasers; water jet 
cutting machines; thermal spray 
systems and plasma torches. 

Application engineers will be 
available to assist with proper 
sizing, or with any custom and 
OEM requirements. 

Krautkramer  
Branson 2001 
50 Industrial Park Rd. 
Lewlatown, PA 17044 
(717) 242-0327; FAX (717) 242-2606 
www.kreutkremer.com 

Krautkramer Branson will ex- 
hibit the latest USN "L" and "R" 
Series portable ultrasonic flaw 
detectors along with the Bench- 
mark Series of piezocomposite 
angle beam probes and wedges 
for weld inspection. Model 
USLT2000 full-featured flaw de- 
tector in a laptop computer with 
UltraLOG software for spot weld 
inspection will also be shown. 
Other products will include USM 
Series flaw detectors, thickness 
gauges, hardness testers and 
eddy current instruments. 

Kromer  Cap Co., Inc. 1831 
759 N. Milwaukee St. 
Milwaukee, Wl 53202 
(414) 276-1800; FAX (414) 276-8440 
www.kromercap.com 

Kromer Cap will feature its all- 
cotton welders' headwear. On 
display will be a number of 
bright new colors and patterns 
to join its line of durable wash- 

able headwear. Also featured 
will be a variety of flame-retar- 
dent caps and cool-weather 
hard hat liners. 

KS Electron 
Techno log ies  2418 
20401 Gladwin Ave., Taylor, MI 48180 
(734) 374-0400; FAX (734) 374-5620 
www.k-eet.com 

KWIC (Korea Weld ing 
Industry  Cooperat ive)  355 
36-2, Yoido-Dong, Youngdungpo-ku 
Seoul (Manhattan B/D) Korea 
82 2 7855504; FAX: 82 2 7853586 

La-Co Industries will be featur- 
ing its complete line of industrial 
marking products, which come 
in stick and liquid form. Several 
new marking products will be in- 
troduced for the first time, and 
the company will also feature its 
Thermomelt Heat Stik. Litera- 
ture and samples will be avail- 
able. 

LAI Co. 1728 
7645 Baker St. N.E. 
Minneapolis, MN 55432 
(612) 780-0060; FAX (612) 784-4740 
www.lalco.com 
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e Paper 
~e. Easy to Remove 

Welding stainless or steel alloy pipes is eflbrtless with 
Dissolvo. A unique purge dam material that is water-soluble, 
Dissolvo is strong enough to dam inert gases, yet can be 
quickly flushed away when the weld is complete. Create your 
purge dam with Dissolvo and eliminate the need for more 
expensive bladders and cones. 

Dissolvo provides the following benefits: 
• FITS ALL SIZES AND SHAPES OF PIPING AND TUBING 
• REQUIRES NO SPECIAL TOOLS OR TRAINING TO USE 
• PROVIDES EFFORTLESS REMOVAL WITH WATER OR STEAM 
• OFFERS EASY HANDLING AND TRANSPORT 
• LEAVES NO RESIDUE 

Dissolvo has been used in the pipe welding industry for over 
20 years. It is being used successfully in nuclear and fossil 
fuel plants, breweries, processing and chemical plants, paper 
mills and similar applications. 

Circle No. 33  on Reader  In fo -Card  
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LAI will exhibit its new five-axis 
CO 2 laser workstation with a 
power output range of 
1500-3500 W. The laser fea- 
tures accuracy to 0.001 in., 
maximum positioning speed of 
1180 in./min., continous part 
processing with zero loading 
and unloading times and capa- 
bility to cut round or square tub- 
ing up to 30 in. in diameter and 
1/2-in. wall thickness. Informa- 
tion on the company's laser and 
precision water jet processing 
services will be available. 

Lantek Systems, Inc. 508 
9420 W. Foster Ave., Ste. 100 
Chicago, IL 60656 
(773) 992-2011; FAX (773) 992-2025 
www.lantek-syetems.com 

Larco Sales Group 1174 
13705 26th Ave. N. 
Plymouth, MN 55441 
(612) 557-7055; FAX (612) 557-1130 
www.larcosales.com 

The company will showcase its 
Larco Zone Monitor 5000 safety 
mat controller. This product fea- 
tures a mat diagnostic LED that 
alerts the operator to which mat 
has failed, and an internal diag- 
nostic LED to help with trou- 
bleshooting by identifying the 
specific fault in the system. 

Lasag Industrial- 
Lasers 401 
601 Campus Dr., Ste. B-5 
Arlington Heights, IL 60004 
(847) 593-3021; FAX (847) 593-5062 
www,lesag.com 

Lasag will feature its compact, 
flexible, modular pulsed Nd:Yag 
lasers for high-quality, repeat- 
able welding, cutting and drilling 
applications. The company of- 
fers an on-site lab for feasibility 
testing. 

Laser Machining, 
Inc. 1628 
500 Laser Dr., Somerset, Wl 54025 
(715) 247-3285; FAX (715) 247-5650 
www.laaermachining.com 

Laser Mechanisms, 
Inc. 1865 
24730 Creetview Ct. 
Farmington Hills, MI 48335 
(248) 474-9480; FAX (248) 474-9277 
www.lasermech.com 

Lenco 1235 
P.O. Box 348, Jackson, MO 63755 
(573) 243-3141 ; FAX (573) 243-7122 
www.profax-lenco.com 

Highlighted will be the complete 
line of LENCO arc welding ac- 
cessories, including three styles 
of electrode holders, ground 
clamps (both conventional and 
magnetic), cable connectors, in- 

IF YOU WELD, FORM OR SHAPE METAL 

PLATENIZE YOUR SHOP 
SPEED-UP PRODUCTION 
WITH ACORN PLATENS 

SAVE SET-UP TIME/ELIMINATE WELDING & BENDING JIGS 

WELDING PL 
BENDING BL 
SURFACE PL 
LAYOUT TAE 
LEVELING BL . . . . .  
SET UP BLOCKS 
FLOOR PLATES 
ASSEMBLY PLATENS 

S 

5'0" x 6'0" 
5'0" x 8'0" 

Web address: WWW.ACORNIRON.COM 
Get the full stow today from: E mail address: INFO@ACORNIRON.COM 

ACORN IRON & SUPPLY COMPANY 
Delaware Ave. & Poplar St., Philadelphia, Pa. 19123/215/WA2-7070 

CIr©le No. 3 on Reader Info-Card 

ternational "dinse type" stan- 
dard machine plugs, panel re- 
ceptacles, connectors and 
GTAW machine plugs, lugs, 
splicers, cylinder wrenches and 
chipping hammers. Also fea- 
tured will be the LENCO L-4000 
MARK II series resistant weld- 
ing machine, LENCOPULL dent 
pulling system used in auto 
body repair and a wide variety 
of auto body repair equipment. 

Lenox/American Saw & 
Mfg. Co. 854 
301 Chestnut St. 
E. Longmeadow, MA 01028 
(800) 628-3030; FAX (413) 525-8867 
www.lenoxsaw.com 

LeTourneau 
University 2091 
P.O. Box 7001 
Longview, TX 75607-7001 
(903) 233-3241; FAX: (903) 233-3212 
www.letu.edu 

Libra Industries, Inc.- 
Recycling Div. 404 
1823-55 W. Webster Ave. 
Chicago, IL 60614 
(773) 276-7500; FAX (773) 276-3331 

Libra Industries will introduce its 
safety product recycling pro- 
grams, which emphasize the 
cost saving aspects of recy- 
cling. The company will present 
examples of recovered materi- 

als from scrap and garbage con- 
tainers, which require minimum 
paperwork to save thousands of 
dollars. 

Liburdi Dimetrics 1157 
404 Armour St. 
Davldson, NC 28036 
(704) 892-8872; FAX (704) 892-4713 
www.liburdl.com 

Liburdi will highlight its welding 
systems, automation technol- 
ogy, advanced coating and ser- 
vices for turbine, aerospace, or- 
bital and industrial applications. 
Also featured will be an exten- 
sive range of orbital tube and 
pipe systems, industrial weld- 
ing components and high-pre- 
cision, high-speed welding 
power sources for automotive 
and tube mill applications. 

Lincoln Electric will feature the 
Ranger TM line of engine-driven 
welding machines; the Power 
MIG TM line of DC wire 
feeder/welding machines and 
the new Invertec~ V350 Pro, a 
portable, multiprocess welding 
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machine. Also featured will be 
SuperArc and SuperGlide 
GMAW wires and Outershield® 
71 Elite FCAW wires, robotic 
systems, point-of-purchase dis- 
plays, environmental systems, 
Harris® oxyfuel equipment and 
Motorsports "Pit Lane" attrac- 
tions. Personnel will be available 
to offer solutions to welding 
needs, including aluminum, 
stainless steel, gas tungsten arc, 
plasma arc and pipe welding. 

Lockheed M ~ I i  ~ 
Space S y s t e ~  
P.O. Box 21)804 

LA 70189 
; FAX (504) 257-1210 

~Mm¢o/ .com/miohoud/  

LS Industries 1901 
710 E. 17th St. 
Wichita, KS 67214 
(316) 265-7997; FAX (316) 265-0013 
www.lslndustries.com 

LS Industries will showcase its 
cleaning equipment for the met- 
alworking industry including 
conveyorized airless shot 
blasters for structural steel, fab- 
ricated assemblies and parts, 
cylinder blasters for com- 
pressed gas and air cylinders, 
cabinet blasters, multistage 
conveyorized pretreatment 
washers, cabinet washers and 
vibratory shakers. 

Lyall's Labors Ltd. 2090 
1305 Summerset, Indlanola, IA 50125 
(515) 961-0106 
www.lyallslsbors.com 

M&W Mfg. Corp. 2172 
P.O. Box 308 
Wolf Lake, IN 46796 
(219) 627-5560; FAX: (219) 627-6510 

M. Braun, Inc. 1946 
65 Parker St., Unit 5 
Newburyport, MA 01950 
(978) 462-1770; FAX (978) 462-1862 
www.mbraun.com 

Machine Tech Inc. 903 
2988 E. 24th Rd., Marseilles, IL 61341 
(815) 795-6818; FAX (815) 795-6535 

Machine Tools.com 1361 
1122 N. LaSaile Blvd. 
Chicago, IL 60610 
(312) 482-8103; FAX (312) 482-0899 
www.machinetools.com 

Mack 

Mactech/Stresstech 2024 
1007 Tile Dr., P.O. Box 11 
Red Wing, MN 55066 
(651) 388-7117; FAX (651) 388-0337 
www.techgroupusa.com 

The two operating companies, 
Mactech and Stresstech, will 
highlight their worldwide ser- 
vices in designing and building 

Rotary Welding & Plating Problems? 
V'Arc ing?  V' Poor Product Qual i ty? 
V Expensive Maintenance? V' Short Slipring Life? 
V High Energy Consumpt ion? 

Rotary Weld ing & Plat ing Ground  Contacts 

• Standard & ,  
Designs. 

• Single or ML 
Contacts. 

a Up To I0,0C 
Per Contact. 

ROTOCON rotary g round  contacts el iminate all con- 
vent ional  sl ipring problems. The proprietary, sealed 
mercury design is better than 95% efficient and able 
to deliver a cont inuous h igh current f low w i t hou t  
overheat ing or arcing. ROTOCON's are completely 
maintenance-free and impervious to hostile environ- 
ments. Custom designs as wel l  as standard models 
are available to solve you r  specific problem. 

Call: 800-837-601 O, 
Fax: 608-831-0300 www.meridianlab.com 
meridian laboratory 
2415 Evergreen Road, P.O. Box 620156, Middleton, W1 53562-0156 
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on-site machining and heat- 
treating equipment for sale and 
rent. Also featured will be their 
on-site heat treating and ma- 
chining services. 

Magnafiux 2102 
3624 W. Lake Ave., Glenview, IL 60025 
(847) 657-5300; FAX (847) 657-5388 
www.magnaflux.com 

Magnaflux will premier its chem- 
icals and equipment for nonde- 
structive examination, highlight- 
ing a diverse line of liquid pen- 
etrant and magnetic particle in- 
spection products available in 
convenient aerosol kit form. 

Magnatech Umi 
Partnership 
6 ~ Rd., E. Granby, 

~ 2 5 7 3 ;  FAX (860) 683-0486 

~ gnatech-lp.L-om 

Magnatech will showcase its 
systems for orbital tube and 
pipe welding, tube-to-tubesheet 
welding and weld cladding ap- 
plications. The Tubemaster and 
Pipemaster systems will be ex- 
hibited for GTA welding with nu- 
merous application-specific 
weld head models. The 
Pipeliner II, a high-productivity 
orbital GMAW/FCAW process 
system, will be demonstrated. 

MAN - -  Modern 
Applications News 1952 
2500 Tamiaml Trail N. 
Nokomis, FL 34275 
(941) 966-9521; FAX (941) 966-2590 
www.modernspplicationsnews.com 

Mannings USA, Inc. 2236 
351-3 Lowery Ct., Groveport, OH 43125 
(614) 836-0021; FAX (614) 836-0028 
www.mannlngsusa.com 

Mannings USA will feature its 
on-site thermal heat treatment 
services and products to the 
power, petrochemical, steel, 
manufacturing and fabrication 
industries. On display will be 
portable high-frequency induc- 
tion, electric resistance and 
high-velocity combustion heat 
treatment equipment used for 
applications in the field. 

Mark-Tex Corp. 718 
160 W. Forest Ave. 
Engeiwood, NJ 07631 
(201) 567-4111; FAX (201) 567-7857 
www.mark-tex.com 

Matbey D e a T ~  
4344 S, " " 

~ 7 - 1 2 8 8 ;  FAX (918) 447-0188 
~ a t h e y . c o m  

The company will premier its 
cutting, beveling, clamping and 
aligning tools for a wide variety 
of pipe sizes and applications. 
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PORTABLE MACHINING 
Time Saving 

Solutions to Get 
Your Equipment 

Back to Work Fast 

SHAFT TURNING 
Any Where 

Any Time LINE BORING 

S a l e s  - R e n t a l  - T e c h n i c a l  S u p p o r t  

D.L. Ricci Corp.  ~ kA. , ,  
5001 M o u n d v i e w  Dr. _ ~ . ~ . , v - ~ [ . ~  
Red Wing,  MN 55066  

Ph: 800 -283 -1937  
Fax:  651 -388 -0002  

www.d l r i cc i . com 

D.L. Ricci Ltd. UK 
P h : 4 4 1 - 6 6 3 7 4 6 6 0 0  
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DIVISION, 
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48071-1548 
19-734-1838 

Circ le  No.  2 7  on R e a d e r  I n f o - C a r d  

SEE US AT AWS SHOW BOOTH 936 

New products will be intro- 
duced, including the Magnacut 
magnetic pipe cutting device, 
Dearman light chain clamps and 
welding electrode drying ovens. 
A new free video will be avail- 
able. 

McKay Welding 
Products 1805 
400 Trade Square E. 
Troy, OH 45373 
(937) 332-4000; FAX (937) 332-5224 
www.hobartbrot hera.corn 

McKay will be exhibiting its com- 
plete line of premium stainless 
steel and hard surfacing filler 
metals. New, as well as highly 
recognized, stainless and hard- 
surfacing consumables will be 
shown. Knowledgeable engi- 
neers and sales personnel will 
be on hand to demonstrate 
products and offer welding so- 
lutions. 

MECHAFIN AG 
Chrummacherstrasse 3 
Gorodawll CH8954, Switzerland 
41 1 7493060; FAX 41 1 7493070 

943 

Mega MfgJ 
Piranha-AIIsteel 1028 
401 S. Washington St. 
Hutchinson, KS 67502 
(318) 863-8542; FAX (318) 862-1719 
www.megamfg.com 

Merit Abrasive Products, 
Inc. 646 
201 W. Manville St. 
Compton, CA 90220 
(800) 421-1936; FAX (800) 472-3094 

Metabo Corp. 713 
1231 Wilson Dr., W, Cheater, PA 18380 
(610) 436-5900; FAX (610) 436-9072 
www.metabousa.com 

Metabo will showcase its 
portable electric power tools 
and abrasives for the profes- 
sional, including a new line of 
small angle grinders featuring a 
long lasting motor and new er- 
gonomic design. Also on display 
will be a recently expanded line 
of abrasive products engi- 
neered for grinding cutting, and 
finishing applications. 

Metal Forming 
Magazine 856 
6363 Oak Tree Blvd. 
Independence, OH 44131 
(216) 901-8800; FAX (216) 901-9190 
www.metalformlng.com 

MetalForming is edited for de- 
cision makers in the precision 
metalforming industry, includ- 
ing top management, engineer- 
ing, production, purchasing, 
sales and financial managers. 
Editorial content covers indus- 
try trends, new technologies, 
equipment and materials, as 

well as innovative design and 
production methods of interest 
to stampers, precision fabrica- 
tors, welders, spinners, roll for- 
mers and others who process 
sheet metal. 

Metal Mates, Inc. 237 
6650 Highland Rd., Ste 217 
Waterford, MI 48327 
(248) 666-1880; FAX (248) 666-3359 

Metal Mates will feature its 
welding-compatible metal form- 
ing lubricants specifically de- 
signed for performance in sec- 
ondary assembly operations. 
These products leave minimal 
residuals on parts, allowing 
welding without wash. Exam- 
ples and technical information 
regarding these products and 
their uses will be available. 

Metal Mizer 461 
8180 W. 10th St. 
Indianapolis, IN 46214 
(317) 271-1542; FAX (317) 273-7007 
www.metalmizer.com 

The company will premier its 
high-power, large-bed, plate 
lasers. Featured will be the 
LMXlII series, which utilizes a 

high-power-density CO 2 laser 
beam to cut mild steel up to 1- 
in. thick. 

Metorex Inc. 432 
Princeton Crossroads Corp. Ctr. 
250 Phillips Blvd., Ste. 250 
Ewlng, NJ 08618 
(609) 406-9000; FAX (609) 530-8055 
www.metorex.com 

MG Systems-Messer 459 
W141 N9427 Fountain Blvd. 
Menomonee Falls, Wl 53051 
(282) 255-5520; FAX (262) 255-5170 

The company will showcase 
ComCut, which is ideally suited 
for the smaller workshop to oxy- 
fuel or plasma cut using CNC at 
an affordable price. It offers the 
flexibility to produce parts 
quickly, accurately and eco- 
nomically. 

MG Welding 
Products 1954 
N94 W14355 Garwln Mace Dr. 
Menomonee Falls, W153051 
(262) 255-5520; FAX (262) 255-5642 
www.measer-mg.com 

A complete line of high-perfor- 
mance, high-quality mainte- 
nance and repair alloys, spe- 
cialty alloys and stainless steel 
products will be featured. Expe- 
rienced personnel will be on 
hand for technical support. 
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~ ' l f  you work with tube and pipe, get 
I v  faster, easier and more accurate 

welding results with rugged and 
dependable Tri Tool ® portable 
machining equipment, 

Tri Tool ~ equipment is widely used in... 
Power Plants • Pharmaceutical and 
Semiconductor Piping Systems 
Aerospace Production * Defense 
Petrochemicals • Offshore o ~°v~'_ 

i Tube Fabrication • Processing 
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500 Sedee 
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Tube Severing 

i:i!~i :~?~i 200 8edee IlL 
ID Mounted P End Prep 

(916) 351-0144 
ax (916) 351-0372 

TTCustServ@aol.com 
ht tp: / /www.tr i tool .com 

............ [ ~  

:: ~ 300 Series ~ '~ 

1/8"  tO 60"  

600 Series 
Split Frame 

Sever/Bevel 
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Micro Air  by 
MetaI-Fab, Inc. 1061 
P.O. Box 1138, Wichita, KS 67201 
(316) 943-2351; FAX (316) 943-2717 
www.mtlfab.com 

The company will present air 
cleaners, exhauster arms, 
downdraft tables and dust col- 
lectors designed to control, re- 
move and filter welding smoke 
and fumes. Cartridge filter mod- 
els will be on display with the 
unique Roto Pulse cleaning sys- 
tem in operation. 

Midalloy, Inc. 1829 
2519 Cassens Dr., Fenton, MO 63026 
(314) 349-6000; FAX (314) 349-2240 

Miller Electric will present its 
newest welding technology in- 
novations with live arc demon- 
strations, including the engine 
drive, inverter-based PipePro 
with dual power input, and the 
the aluminum welding package 
of XW i push-pull wire feeder, 
XR-Edge gooseneck gun and 
Invision TM 345MP inverter with 
built-in pulsing programs. 

Mi lwaukee Electr ic 
Too l  1016 
13135 W. Lisbon Rd. 
Brookfield, Wl 53005 
(414) 783-8632; FAX (414) 783-8529 
www.mil-electric4ool.com 

Milweld,  Inc. 630 
P.O. Box 338, Hor~onville, Wl 54944 
(920) 779-0916; FAX (920) 779-0924 
www.mllweldlnc.com 

MIM Industr ies,  Inc., A 
Brother  Co. 1822 
4301 Lyons Rd. 
Miamisburg, OH 45342 
(937) 886-4478; FAX (937) 859-6944 
www.mimlnd.com 

MIM Industries will feature its 
expertise at manufacturing spe- 
cialized automation equipment, 
which includes its XY welding 
machine that ensures weld lo- 
cations are precisely made and 
utilizes reprogramming for later 
applications after the initial job 
is completed. 

Miyachi  928 
245 E. El Norte St., P.O. Box 5039 
Monrovia, CA 91016 
(626) 256-4182; FAX (626) 303-5396 
www.miyachll .com 

The feature with Miyachi will be 
its AC and DC resistance weld- 
ing controls, inverter power sup- 
plies, weld checkers, weld 
heads and a variety of acces- 
sories for both fine spot and 
large-scale resistance welding 
applications. 

Modular Vent i la t ion 
Products Inc. 2041 
P.O. Box 6356 
Freehold, NJ 07728-6356 
(888) 247-7101; FAX: (888) 400-2779 
www.modularventilation.com 

Moldex Metric Inc. 206 
10111 W. Jefferson Blvd. 
Culver City, CA 90232 
(310) 837-6500; FAX (310) 837-9563 
www.moldex.com 

Monroe Engineer ing 
Products,  Inc. 564 
36400 Woodward Ave., Ste. 241 
Bloomfield Hills, MI 48304 
(248) 540-8585; FAX (248) 540-8717 
www.monroeenglneerlng.com 

Moore Industr ia l  
Hardware 664 
77 Circle Freeway Dr. 
Cincinnati, OH 45246-1298 
(888) 666-7344; FAX (888) 644-3293 
www.mooreindhardware.com 

Moore Industrial Hardware will 
feature its expertise in distribut- 
ing hard-to-find hardware items 
manufactured by many suppli- 
ers. Products such as hinges, 
handles and locks will be dis- 
played. A complete catalog 
showing available items will be 
sent upon request. 

Morgan Advanced 
Ceramics 2409 
Bewdley Rd., Stourport-on-Severn 
Worcestershire DY13 8QR, England 
44 1299827000; FAX 44 1299872218 
www.morganadvancedceramics.com 

Morgan Advanced Ceramics will 
showcase its high-performance 
silicon nitride weld location pins, 
GMA welding and plasma cut- 
ting nozzles and insulators, GTA 
nozzles in silicon nitride and pink 
alumina and new low-porosity 
ceramic weld backing strips in 
various designs. 

Morsafe 1407/1411 
2997 Clarkson Rd. 
Chesterfield, MO 63017 
(636) 207-2750; FAX (636) 207-2810 
www.jackprod.com 

Morsafe, a division of Jackson 
Products, will showcase its 
complete line of protective prod- 
ucts and welding accessories, 
including electronic ADF (auto- 
darkening filter) helmets, and 
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goggles and spectacles 
equipped with hardened glass 
or polycarbonate lenses. 

On display will be several stan- 
dard robotic arc welding solu- 
tions featuring a robot and con- 
troller, complete welding pack- 

age and total safety environ- 
ment. Demonstrations will be 
conducted of welding aluminum 
and thin steel with alternating 
current GMAW, low-spatter 
welding of stainless and mild 
steel and high-speed welding. 
A new line of MotoWeld power 
supplies that use advanced 
technology for a variety of 
robotic applications will be in- 
troduced. 

MQ Power Inc., Div. of 
MultiQuip 1682 
18910 Wilmington Ave. 
Carson, CA 90746 
(800) 421-1244; FAX (310) 537-3927 
www,multiqulp,com 

MQ Power will showcase its 
gasoline- and diesel-powered 
DC engine-driven welding ma- 
chines, which come in both CC 
and CC/CV and perform 
SMAW, GMAW, FCAW and 
GTAW. Also featured will be 

gasoline- and diesel-powered 
generators from 2.3 to 640 kW. 

MVE, Inc. 1816 
3505 County Rd. 42 W. 
Burnsvllle, MN 55306-3803 
(770) 720-6765; FAX (770) 479-4603 
www.mve-inc.com 

N. A. Tech. Inc. 1910 
1317 Washington Ave., Ste 1 
Golden, CO 60401 
(303)279-7942; FAX: (303) 279-5286 
www.natech-inc.com 

N.L.F. Protective 
Products, Inc. 548 

Helmets That Breathe! 
Our bodies precisely regulate 
dioxide in our bloodstream b 
exhaling surplus CO 2. Reduc 
ventilation causes us to 
"re-inhale" our own CO 2. 

Even small increases in 
bloodstream C O  2 levels can 
eventually cause fatigue, 
headaches,  and nausea. 

Speedglas ® 9000 
helmets direct 
exhaled air 
through four 
specially- 
designed,  
aerodynamic 
vents. This greatly 
reduces CO 2 build-up,  
reducing "stuffiness." 
Welders feel more energetic 
and clear-headed. 

Plus, the four new auto-dark 
ing Speedglas 9000 lenses mc 
welders can always see from 
extraordinari ly comfor tab le ,  

90OOF 90OOXF 9 

I B  Spee, 
BE 

Hornell Speed! 
2374 Edison Blvd. • Twinsbl 

Tel: 800-628-9218 • Fa: 
E-maih info@spe( 

Website: www.spe 

Circle No. 69 on Reader Info-Card 

SEE US AT AWS SHOW BOOTH 447 

3131 Cedar Cross Ct,, Unit 4 
Dubuque, IA 52003 
(800) 822-8586; FAX (319) 582-5570 

Nasco Inc. 2222 
2100 Old Highway 8 
St. Paul, MN 55112 
(651) 780-2000; FAX (651) 638-1802 

National-Standard will feature 
the new Satin-Glide 2000 stain- 
less steel welding wire along with 
its Copper Free welding wires, 
Tru-Cor cored electrodes and 
Brush Pack dispensing systems. 
Personnel will also be available 
to provide cost anaylsis of cer- 
tain welding applications. 

Natweld-Hi Al loy  
Corp. 1841 
1600 S. Canal St. 
Pittsburgh, PA 15215 
(412) 781-4255; FAX (412) 781-4377 

NatWeld-Hi Alloy will display a 
full range of GMAW and GTAW 
alloys, tungsten, CO 2 wire, 
electrodes, gouging carbons, 
electrode holders, ground 
clamps, solder, stainless steel 
wire, phosphor copper, flux- 
coated and bare bronze alloys, 
welding cables and aluminum 
wire. Also shown will be nickel 
alloys, deox copper, antispat- 
tars, nozzle gel and mainte- 
nance alloys. Product literature 
and catalogs will be available, 
and staff will be on hand to an- 
swer questions. 

Naval Sur 
Center (N 
Carderock DIv, 
9500 MlCarthur BlVCL 

20817-5700 
(301) 227-s570 

Navy Jo in ing  Center 
(NJC) 1456 
1250 Arthur E. Adams Dr. 
Columbus, OH 43221-3585 
(614) 688-51 l t;  FAX (614) 688-5001 
www.ewi.org 
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Nederman will introduce the 
new FilterMax, a modular filtra- 
tion fume/dust collector system 
available in sizes ranging from 
2000-6000 ft3/min. It requires 
minimal floor space and comes 
equipped with a unique cartridge 
filtration system. 

Neutronics Inc. 774 
456 Creamery Way 
Exton, PA 19341 
(610) 524-8800; FAX (610) 524-8807 
www.neut ronicslnc.com 

Neutronics will exhibit its high- 
performance oxygen analyzers, 
primarily used in high-purity 
welding. Featured will be state- 
of-the-art instrumentation for the 
analysis and control of gaseous 
oxygen from ultra low-levels 
(parts per billion) to 100%. 

Newtex Industries, 
Inc. 2348 
8050 Victor Mendon Rd. 
Victor, NY 14564 
(716) 924-9135; FAX (716) 924-4645 

Nikro Industries Inc. 2345 
638 N. Iowa St., Villa Park, IL 60181 
(630) 530-0558; FAX (630) 530-0740 
www.nikro.com 

Nippert Co., The 1255 
801 Pittsburgh Dr. 
Delaware, OH 43015 
(740) 363-1981; FAX (740) 388-4384 

Nipped will premier its welding 
electrodes manufactured under 
the strictest quality control 
methods 

J. P. Nissen will exhibit and 
demonstrate its line of markers 
for the welding industry. These 
include ball-point metal mark- 
ers, solid paint markers, feltip 
paint markers and aerosol paint 
markers, as well as specialized 
products intended for fabricat- 
ing, nuclear and high-tempera- 
ture applications. 

Niton Corp. 613 
900 Middlesex Turnpike, Bldg. 8 
Billerica, MA 01821 
(800) 875-1578; FAX (781) 275-1917 
www.niton.com 

Niton will showcase its instru- 
mentation for nondestructive 
alloy analysis, including the XL- 
800 series alloy analyzer and 
the new hand-held NITON II X- 
ray fluorescence (XRF) alloy 
analyzers. Also featured will be 
the new PMI-Master Arc/Spark 
alloy analyzer for analysis of 
carbon and other alloying and 
trace elements in metals and 
metal alloys. 

Nitto Kohki 1148 
4525 Turnberry Dr. 
Hanover Park, IL 60103 
(630) 924-9393; FAX (630) 924-0303 

NonDestructive 
Testing Group 431 
8181 Broadmoor SE 
Caledonia, MI 49316 
(800) 748-0208; FAX (616) 891-3565 
www.nondestructivetesting.com 

Norton Co. 1047 
1 New Bond Street, 
P.O. Box 15008 
Worcester, MA 01615-0008 
(800) 446-1119; FAX (508) 795-5489 
www.nortonabrasives.com 

A complete line of abrasive 
wheels, coated abrasive and 
nonwoven products for weld 
grinding, cutting and finishing 
will be exhibited. New products 
featured include AVOS® 4-1/2- 
in. Speed-Lok® kits, 5-in. 
Speed-Lok Edger discs, Speed- 

Lok Pistol Grip trial kits and the 
7-in. Speed-Lok Edger discs. 
Right-angle grinder discs for 
stainless steel and aluminum 
and two new chip saw wheels 
for cutting off aluminum will be 
highlighted. 

NSL Analytical Services, 
Inc. 218 
7650 Hub Pkwy. 
Cleveland, OH 44125 
(216) 447-1550; FAX (216) 447-0716 
www.nslanalytlcal.com 

- T a k e  t h e  r o a d  to  t e c h n o ] o g y w i t h J e t | i n e  ~ 

" J e t ] i n e ' s  n e w  o p t i c a l  s e a m t r a c k e r  i n c o r p o r a t e s  the . . ~ 
. - -~: .~ery l a tes t  t e c h n o l o g y  to p r o v i d e  you  w i t h  t h e s i m p ] e s t  

s o l u t i o n  to you r  s e a m t r a c k i n g  p r o b l e m s .  ~° ........ 

A n e w  l o w  p r i c e  b r i n g s  th i s  p r o d u c t  i n t o  eve ryone ' s  
p r i c e  r a n g e .  Laser t r a c k i n g  solves a l l  those d i f f i c u l t  

t r a c k i n g  p r o b l e m s :  

T a c k w e l d s  - No p r o b l e m  
T igh t  j o i n t s  - We can h a n d l e  

High speed - V i r t u a l l y  no l i m i t  

Con tac t  J e t l i n e  - le t  the c o m p a n y  w i t h  the h ighes t  
t e c h n o l o g y  i n  ha rd  a u t o m a t i o n  b r i n g  t h e i r  know ledg .  

a n d  t e c h n i c a l  e x p e r t i s e  to so lve y o u r  needs,  

jet l ine 
e n g i n e e r i n g ,  InQ. 

SEE US AT AWS SHOW BOOTH 1402 
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NSL will premier its services as 
a commercial testing laboratory 
specializing in the elemental 
chemistry analysis of ferrous 
and nonferrous alloys, pow- 
dered metals, ceramics and 
composite materials. Featured 
will be its various chemistry ca- 
pabilities, including analysis of 
titanium, high-temperature al- 
loys and refractaries. 

NTT 1612 
50 Freeport Rd. 
Pittsburgh, PA 15215-1075 
(412) 781-4200; FAX (412) 781-1075 

Oerlikon 
Welding Ltd. 2222 
Peakdale Rd. 
Glosaop, Derbyshire SK13 6XG, UK 
44 1457 866011; FAX 44 1457 855551 

Oetiker, Inc. 614 
3305 Wilson St. 
Marlette, MI 48453-0217 
(617) 636-3621; FAX (617) 635-2157 
www.oetlker.com 

Oetiker will display its 2-Ear 
Clamps, which are especially 
suited for factory maintenance 
or heavily vibrating equipment. 
This medium-pressure clamp is 
widely used for MRO and OEM 
applications. The one-piece de- 
sign offers a positive, tamper- 
proof seal without damage to 
the hose. The clamps ensure 
adequate closure and compen- 
sate for tolerance variation in 
hose sizes. These clamps are 
installed on air fluid lines. 
Oetiker will also showcase its 
full line of clamping products to 
suit a diversified range of appli- 
cations. 

Ogden Engineering 
CorpJISU 2156 
P.O. Box 148 
372 W. Division St. 
Schererville, IN 46375 
(219) 322-5252; FAX: (219) 865-1826 
www.ogdeneng.com 

OGI/PSU 1988 
20000 N.W. Walker Rd. 
Bseverton, OR 97006 
(603) 748-1177; FAX (503) 748-1678 

Narrow-gap-improved elec- 
troslag welding will be demon- 
strated by the Oregon Graduate 
Institute. The process has been 
reengineered to provide greatly 
enhanced reliability, properties 
and productivity. This technol- 
ogy is being demonstrated to 
fabricators and state highway 
departments across the United 
States through two-day demon- 
stration workshops sponsored 
by the Federal Highway Admin- 
istration. Technical information 
and equipment will be displayed. 
Application engineers will be 
available for discussions. Elec- 
troslag demonstrations are 
scheduled each day. 

Ohio State Univ., The 
Welding Engineering 2089 
1248 Arthur E. Adams Dr. 
Columbus, OH 43221 
(614) 292-2545; FAX (614) 292.6842 
www.iwse.eng.ohlo-state.edu/we 

OKI International, 
Div. of OKI Bering 1773 
7584 Reinhold Dr. 
Cincinnati, OH 45237 
(613) 781-9811; FAX (513) 761-2910 
www.oki-bering.com 

Olympus America Inc.710 
Two Corporate Center Dr. 
Melville, NY 11747 
(516) 844-5610; FAX (616) 844-5620 
www.olympusipg.com 

Olympus America will show its 
line of fiberscopes, bore-scopes, 
videoscopes, the PT36-300 pipe 
camera system and L-VIS large- 
vessel inspection system, and 
image analysis equipment for in- 
specting pipes, tanks and other 
inaccessible areas. The PT36- 
300 sends clear, color images 
from within pipes up to 100 ft 
long. Portable, lightweight, 
durable, it can be operated on 
100-240 V AC or 12-V DC 
power. Images can be stored, 
measured and e-mailed by 
adding the DSM Digital Store & 
Measure System. The portable 
L-VIS system offers high-resolu- 
tion color video images, tele- 
scope poles, pan, tilt, zoom, auto 
or manual focus. 

Omniturn 546 
40 Allen Blvd., Farmingdale, NY 11735 
(516) 694-9400; FAX (516) 694-9415 

Omniturn will provide informa- 
tion on its small precision CNC 
lathes and retrofits for primary 
and secondary bar/chucking 
operations. Raw material/round 
bar stock is put into CNC lathes 
and is machined to specific tol- 
erances according to blueprint. 

Onan Corp. 301 
1400 73rd Ave. NE 
Minneapolis, MN 55432 
(612) 574-6000; FAX (612) 574-8289 
www.cummins.com 

OPTREL AG 1673 
10 Thurber Blvd., Smithfield, RI 02917 
www.uvex.com 

Osborn International 2039 
5401 Hamilton Ave. 
Cleveland, OH 44114 
(218) 361-1900; FAX (216) 361-1913 
www.osborn.com 

Osborn will display its heavy- 
duty power brushes, which are 
used for weld preparation. They 
quickly remove all types of rust, 
weld scale, corrosion and other 
contaminants. The brushes are 
made with special-analysis 
steel and stainless steel wire to 
extend their life and keep them 
performing at peak efficiency. 

Wide-face, heavy-duty wheel 
brushes work well on face 
preparation, and knot-type and 
encapsulated cup brushes give 
the kind of aggressive action 
needed for any flat-surface 
preparation. 

Osram Sylvania 1574 
Hawes St., Towanda, PA 18848 
(570) 268-5000; FAX (570) 268-5157 
www.sylvenla.com 

Otos Optical Co., Ltd. 531 
149-27, Dock San 1 Dong 
Keum Chun-Ku, Seoul, S. Korea 
82 2 8628000; FAX 82 2 8693333 
www.otos.co.kr 

Oxo Welding 
Equipment Co. 1612 
701 W. Water St., Troy, OH 45373 
(937) 332-4312; FAX (937) 332-4311 

Oxylance Corp. 1911 
P.O. Box 310280 
Birmingham, AL 35231 
(205) 322-9906; FAX (205) 322-4808 
www.oxylance.com 

P & R Specialty, Inc. 821 
1835 W. High St., Pique, OH 45356 
(937) 773-0263; FAX (937) 773-4243 
www.wesnet.com/prspecialty 

P & R Specialty will exhibit its 
full line of welding wire spools 
and plywood reels designed 
specifically for the welding in- 
dustry. Also on display will be a 
full line of plastic spools. 

PAC*MIG, Inc. 2060 
P.O. BOX 2174, Wichita, KS 67201 
(316) 269-3040; FAX (316) 269-2404 
www.pacmig.com 

PAC*MIG will display its 
patented line of pressurized air- 
cooled GMAW guns for auto- 
matic, semiautomatic and 
robotic applications, with a spe- 
cial emphasis on robotics. This 
technology utilizes shop/com- 
pressed air to cool the guns. 
With only 1.8 ft3/min of air re- 
quired for cooling, this technol- 
ogy offers the end user an eco- 
nomical, safe and effective al- 
ternative for high-production 
welding environments. Guns 
are offered in 350-, 400- and 
600-A models, all rated at 100% 
duty cycle. 

Pacific Aerospace & 
Electronics 217 
2249 Diamond Point Rd. 
Sequlm, WA 98382 
(380) 683-4167; FAX (360) 683-4168 
www.pcth.com 

Panametrics, Inc. 328 
221 Crescent St., Waltham, MA 02453 
(781) 899-2719; FAX (781) 899-1552 
www.panametrice.com 

Panametrics, which has nearly 
40 years of industry experience, 
will showcase its line of ultra- 
sonic transducers and nonde- 

structive examination equip- 
ment, including scanning sys- 
tems, thickness gauges and 
digital flaw detectors. 

Pandjiris will demonstrate an 
automated welding system that 
incorporates components that 
can be used in a variety of ap- 
plications. Experienced welding 
technicians and application en- 
gineers will be available to dis- 
cuss how these and other com- 
ponents can be configured to 
meet the needs of specific au- 
tomation applications. 

Pangborn Corp. 267 
580 Pangborn Blvd. 
Hagerstown, MD 21742 
(301) 739-3500; FAX (301) 739-2279 
www.pangborn.com 

Pangborn will feature the Model 
ES-1821 structural descaling 
blast cleaning system, which 
provides one-pass cleaning of 
plate, bars and rolled shapes 
prior to fabrication. The com- 
pany offers a complete line of 
equipment and services for 
descaling of plate, sheets, strip, 
wire, bars, billets and slabs; 
rolled and fabricated structural 
shapes; miscellaneous weld- 
ments; pipe, tubing and gas 
cylinders; railroad cars and 
shipping containers; and spe- 
cial systems tailored to meet 
specific applications, such as 
mill roll etching machines. 

Parweld Ltd. 109 
Parweld House, Bewdley Business Park 
Long Bank, Bewdley 
Worcestershire DY12 2U J, England 
44 1299266800; FAX 44 1299266900 

Parweld will feature its line of 
GMA, GTA and plasma arc 
welding guns and torches. The 
company manufactures its own 
designed and developed prod- 
ucts, which are compatible with 
popular brands. All products 
conform to EN 50078 and ISO 
9001 and carry the CE mark. 

Pat Mooney, Inc. 766 
31 W. Fullerton Ave. 
Addison, IL 60101 
(630) 543-6222; FAX (630) 643-5584 

PCI Energy Services 874 
One Energy Dr., Lake Bluff, IL 60044 
(847) 680-8109; FAX (847) 362-6441 
www.pcl-energy.com 
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These guys have found the Anser: 
"When I'm running abc 
money. But there's no pr 
around inside a 
welding helmet 1 
switch out a lens 
a cover plate. N 
only does it take 
up time, it's frus- 
trating-I've beer 
known to crawl 
around on the 
floor looking for 
a lost spring, or 
drop and break 
a piece of glass. 
That's why I'm g 
I've found the A 

"Because of all the ditte~ 
kinds of work we do, m, 
shop used to be cluttere. 
with lots of helmets, eac 
with a different lens. An 
you know what a pain 
changing lenses can be. 
With the new Anser *M 
helmet from Huntsman, ~ 
we keep a stack of lens 
cartridges and just pop 
need when we need it." 

Shouldn't you? 
The EasyCartridge ~M slides in and out the front 
of the helmet. Simply pull out the cartridge, 
pull out the spring pack, slide in a new lens 
(standard or electronic) and pop the spring 
pack back in place. Change the cover plate 
quickly, by pulling out the old cover plate and 
sliding in the new one. Ask your Huntsman ® 
distributor for the Ansed M 

The EasyCartridge~any way you want it. 
The Anser 'M accommodates " 

"Big Window®'s ize lenses 

from Huntsman. ~ 

Avai lable options include.. 

• V X L 4 x 4  4 sensar e k ~  

• iV~L ~ elealm~ 
• Salex 180 sakr ~ lem 

Find the Anser  ~ at  AWS Booth# 1411 

KEDMAN COMPANY HUNTSMAN ® PRODUCTS DIVISION 

P.O. BOX 25667 • Salt Lake City, Utah 84125-0667 

Toll Free: 800-999-9112 • Fax: (888) 323-4545 
CIr©le No, 8 0  on R e a d e r  I n fo -Card  

H NTSMAN 



All Professionals Interested in State-of-the-Art Structural Engineering: 

Discover new ideas - new materials - 
new resources - new trends! 

Become more productive and 
successful in the new century! 

STRUCTURES 
CONGRESS 

O 0 0 

STRUCTURES CONGRESS & EXPOSITION 2000 
OPPORTUNITIES: 

216 presentations, 2 plenary sessions - 
all filled with information you can use! 

The 14th Analysis & Computational Conference 
and 6 additional tracks: 
Bridges ~r Buildings #r Dynamics, Wind, and 
Seismic ~ Steel Structures #r Timber, Composites, 
and Concrete IV Practical Design & Detailing 

LRFD Bridge Design Specifications and 
FRP-Reinforced Concrete Workshops! 

Networking possibilities! 

Exposition of advanced products & services! 

Showcase of new construction materials & 
future design trends through automation! 

Potential to earn 26 PDHs! 

For the latest Congress information and on-line registration, check: 

www.asce.orglconferenceslstructures2000 
or call (800) 548-2723 (U.S.) or (703) 295-6300 

(Internafloncll) 

Circle No. IS on Reader Info-Card 



PCI will showcase its field ma- 
chining, automated welding, 
QA/QC services and special- 
ized tooling. The company, 
which has 30 years' experience, 
can service a wide variety of in- 
dustrial users. With a staff of 
more than 300 experienced su- 
pervisors, managers, QA/QC 
professionals, engineers (weld- 
ing, mechanical and electronic), 
CAD operators and technicians, 
the company brings shop toler- 
ances and controls to the field. 

Pearl Abrasives Co. 610 
6210 S. Garfield Ave. 
Commerce, CA 90040 
(562) 927-5561; FAX (562) 928-3857 

The company will feature a 
complete line of bonded and 
coated abrasives and wire 
brushes. It will also featuring its 
SRT (synthetic resinoid technol- 
ogy) grinding wheels, flexible 
grinding wheels, cutoff wheels 
and flap discs. 

Peddinghaus Corp., 
Tool  Div. 2139 
825 75th St., Wlllowbrook, IL 60521 
(800) 786-2448; FAX (630) 655-6316 
www.peddlnghaus.com 

Permadur 
Industries, Inc. 819 
186 Route 206 S., Somerville, NJ 08876 
(908) 359-9767; FAX (908) 359-9773 
www.permadur.com SEE US AT AWS SHOW BOOTH 1358 C i r c l e  N o .  3 9  on R e a d e r  I n f o - C a r d  

Peters, Cherie A., 
Metalworking Ar t i s t  1987 
700 Perrle Dr., #203, Elk Grove, IL 60007 
(847) 640-6364 

Cherie Peters has been a pro- 
duction welder for Duratrack in 
Elk Grove, II1., since 1993. She 
has been creating sculptures for 
two years. Some are serious 
and others are whimsical. Most 
of her sculptures are created 
spontaneously, and some are 
from previous drawings. She 
has had no formal training as a 
metalworking artist. 

The company will feature its line 
of grinding and cutoff wheels, 
wire wheel brushes, cup 
brushes, end brushes, wire 
hand scratch brushes, pipeline 
brushes, abrasive filament 
brushes, maintenance brushes, 
fiber discs, tungsten carbide 
burrs, flap wheels, flap discs, 
nonwoven abrasives, abrasive 
belts, quick-change discs and 
PSA discs. 

PHI 543 
14955 E. Salt Lake Ave. 
City of industry, CA 91746-3133 
(626) 968-9686; FAX (626) 333-3610 
www.phi-tullp.com 

Phoenix Int'l, Inc~ ~ 

~ x-lntematlonal.com 

Phoenix International will show 
its complete line of the original 
DryRod® oven for holding, re- 
conditioning and rebaking weld- 
ing electrodes and bulk flux. 
Also on display will be the dry- 
WIRE® oven, which holds flux- 
cored wire in a moisture-free en- 
vironment and which also can 
be used as a general industrial 
oven for pre- or postheat up to 
550°F. The Safetube~ accom- 
modates 14 Ib of electrodes in 
a watertight, durable container. 
It also offers a carrying strap 
with cap tether, nonrollaway 
shape and safety yellow color. 

Pho ton i cs  Spect ra  1735 
Berkshire Common, P.O. Box 4949 
Pittsfield, MA 01202-4949 
(413) 499-0514; FAX (413) 442-3180 
www.photonica.com 

Photonics Spectra is a photon- 
ics magazine serving industries 
that use photonic technology: 
lasers, imaging, fiber optics, 
electro-optics and optoelectron- 
ics. The Photonics Directory is 
a four-book set that includes the 
Corporate Guide, Buyers' 
Guide, Handbook and Dictio- 
nary. Subscriptions are free. 

Pietro Galliani S.p.A. 2331 
Via Mollno Malpasso, 65 
Vergato, Bologna 40038, Italy 
39 51 910061; FAX 39 51 911055 

Pillar/Cycle-Dyne 731 
21905 Gateway Rd. 
Brookfield, Wl 53045 
(414) 317-5300; FAX (414) 317-5353 
www.pillar.com 

Pillar/Cycle-Dyne will demon- 
strate its induction heating 
equipment for brazing, solder- 
ing, curing, shrink fitting, bond- 
ing and other methods of joining 
and heat treating. A variety of 
ferrous, nonferrous and alu- 
minum brazed parts will be on 
display along with shrink fitting, 
bonding and curing applications. 

Pip Co. 336 
45-625 Citrus Ave., ate. C 
Indio, CA 92201 
(760) 775-3434; FAX (760) 775-6534 
www.magnaclamp.com 

Plasma Scorpion 
Schneiden & Schweissen 
AG 270 
Am Forsthaua 45 
Gellenklrchen 52511, Germany 
49 2451903230; FAX: 49 24519032320 
www.plasma-scorpion.de 

Plazcraft, A Div. of 
DovaTech, Ltd. 1428 
449 W. Coming Rd., Beecher, IL 60401 
(708) 946-2281; FAX (708) 946-6726 

Plazcraft will highlight its line of 
air plasma arc cutting torches. Its 
products are engineered to pro- 
vide end users with a low-cost al- 
ternative for replacement torches 
and accessory items, compared 
to original equipment parts. In ad- 
dition, a high degree of safety for 
the end user has been built into 
the company's torches. 

P l ymoven t  C o ~  
37S Rarltan . "  . 

~417-0eoe; FAX (732) 417-1e18 
~ y m o v e n t . c o m  

Po lyme t  Corp.  1870 
10073 Commerce Park Dr. 
Cincinnati, OH 45246 
(513) 874-3586; FAX (513) 874-2880 
www,poiymetcorp.com 

Polymet will feature its cobalt 
and nickel solid superalloy 
small-diameter welding wires. 
The products are offered on 
spools or as cut lengths and are 
used with the GMAW and 
GTAW processes. It will also 
display cored welding wires 
used in numerous industrial ap- 
plications. These spooled wires 
are used with the GMAW, SAW, 
FCAW and twin-arc wire ther- 
mal spray processes. 
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Made In U.S.A. 

LA-CO INDUSTRIES, INC. 
1201 PRATT BOULEVARD, DEPT. 000, ELK GROVE VILLAGE, IL 60007-5746 
Phone: (847) 956-7600 • Fax: (847) 958-8888 Customer Service Line: (847) 956-3867 
Vis i t  us  a t  w w w . m a r k a l . c o m  

LA,I: o 
Proven Everyday//Proven Everywhere" 

SEE US AT AWS SHOW BOOTH 1116 Circle  No. 154 on Reader Info-Card 

Port-A-CoollDlv. of Gen. 
Shelters 2104 
P.O. BOX 2108, Center, TX 75935 
(409) 598-5651; FAX (409) 598-5057 
www.generalshBIters.com 

Port-A-Cool TM will showcase its 
portable, evaporative cooling 
system for use when standard 
air-conditioning may be unavail- 
able, impractical or cost pro- 
hibitive. Operating with water 
and either electricity or com- 
pressed air, the system delivers 
air flow up to 20 degrees cooler 
than the surrounding air. It is 
available in three sizes. 

Practical Welding Today/ 
The Fabricator 618 
833 FeatherBtone Rd. 
Rockford, IL 61107 
(815) 399-8775; FAX (815) 484-7701 
www.fmametalfab.org 

Practical Welding Toda~ pro- 
vides hands-on, practical infor- 
mation on welding and joining 
processes and machinery such 
as GMAW, GTAW, SMAW, 
plasma arc cutting, resistance 
welding and robotic welding. 
Free issues of Practical Weld- 
ing Today, The Fabricato~ and 
TPJ-The Tube & Pipe Joumal~ 
will be available. U.S. subscrip- 
tions are free to qualified indi- 
viduals. Information on the 

books, technical conferences 
and research services available 
from the Fabricators & Manu- 
facturers Association, Interna- 
tional, also will be featured. 

Praxair Surface 
Technologies, Inc. 1245 
1500 Polco St., Indianapolis, IN 46224 
(317) 240-2500; FAX (317) 240-2380 

Praxair will provide information 
on cost-effective solutions to 
metal fabricators' most de- 
manding welding, cutting, ther- 
mal spraying, laser processing 
and thermal treating operations. 
Through more than 600 loca- 
tions in North America, the com- 
pany offers a variety of gases, 
equipment and services to help 
increase productivity, improve 
quality, lower welding fume lev- 
els and reduce production 
costs. The company will also 
feature its ProStar family of pre- 
mium-quality, competitively 
priced filler metals, gas appara- 
tus, safety products and weld- 
ing consumables, chemicals 
and accessories. 

Precision Welding 
Technologies, inc. 667 
753 TwlnvlBW PI. 
Pleasant Hill, CA 94523 
(925) 943-5658; FAX (925) 943-5682 

Precision Welding Technolo- 
gies will feature various prod- 
ucts that complement auto- 
mated GTAW/PAW and elec- 
tron beam welding systems. On 
display will be a precision 
GTAW/PAW 200-A power sup- 
ply, stand-alone capacity dis- 
charge arc starter and special- 
ized gas auxiliary/trailing 
shields for common manual and 
machine GTAW/PAW torches. 
The company also provides 
equipment maintenance ser- 
vices and training, as well as 
system upgrades for electron 
beam and fusion welding ma- 
chines. 

Preston-Eastin will display its 
line of standard and robotic po- 
sitioners. 

Prince & Izant Co. 2248 
12333 Plaza Dr., Cleveland, OH 44130 
(216) 362-7000; FAX (216) 362-7456 

Prince & Izant will highlight its 
line of brazing alloy and solder- 
ing preforms. Examples of 
rings, washers, slugs, shims 
and special shapes will be on 
display. Also featured will be its 
wire, strip, powder and paste. 
The company specializes in 
brazing alloys made with silver, 
gold, platinum, palladium, alu- 
minum and copper, as well as 
a large variety of soldering al- 
loys. The company's tooling and 
forming capabilities allow it to 
supply the preform that will best 
fit a customer's brazing or sol- 
dering requirement. 

Pro Design 
Welding Hoods 137 
438 E. Alondr8 Blvd. 
Gardena, CA 90248 
(310) 767-1032; FAX (310) 767-1034 
www.prodeslgnwelding.eorn 

Procon Products 320 
910 Rldgley Rd. 
Murfreesboro, TN 37129 
(615) 890-5710; FAX (615) 896-7729 
www.proconpump.com 

Procon Products will feature its 
line of precision pumps. The 
company has more than 20 au- 
thorized exchange centers lo- 
cated throughout the United 
States and Canada. 
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Profax 1235 
1603 N. Main, Peerland, TX 77581 
(281) 485-6258; FAX (281) 485-8030 
www.profax-lenco.com 

Project Tool & Die, Inc. 616 
6955 Danyeur Rd., Redding, CA 96001 
(530) 243-8903; FAX (530) 243-8914 

Protem USA/ 
CSI Tools, Inc. 1213 
2700 Partnership Blvd. 
Springfield, MO 65803 
(800) 258-0133; FAX (417) 831-9363 
www.protemuee.com 

Protem USA will highlight its 
tube and pipe portable machin- 
ing equipment. The company's 
complete line covers a wide 
range from ~;- to 60-in. OD, and 
can perform four simultaneous 
machining operations on any 
machinable alloy. The com- 
pany's portable machining tools 
are being used in pharmaceuti- 
cal processing plants, 
aerospace, semiconductor, nu- 
clear and fossil fuel power 
plants, pulp and paper mills, oil 
refining and pipe welding fabri- 
cation shops around the world. 

Proteus 
Industries Inc. 2067 
340 Pioneer Way 
Mountain View, CA 94041-1577 
(650) 964-4163; FAX (650) 965-9355 
www.proteuslnd.corn 

Pulsar Ltd. 1974 
P.O. Box 421, Ysvne 81103, Israel 
972 8 9427750; FAX 972 8 9427746 
www.puleer.co.II 

Punch Press m The 
Metalworkers 
Market Place 556 
100 Chicago Ave. 
Lost Springs, KS 66859 
(800) 255-0114; FAX (785) 983-4398 

Punch Press (The Metal Work- 
ers Marketplace) is a trade pub- 
lication for the metalworkers in- 
dustry. The publication reaches 
manufacturing facilities, ma- 
chine shops, fabricators, ma- 
chine dealers and many others 
with its more than102,000 cir- 
culation. It offers direct market- 
ing to potential buyers and sell- 
ers in the industrial machine tool 
industry, and is published in the 
United States and Canada. 

Quality 
Components Co. 2053 
8825 East Ave., P.O. Box 956 
Mentor, OH 44060 
(440) 255-0606; FAX (440) 255-3223 

Raddital 1317 
Via Locatelll 96 
Blassono (MI) 20046, Italy 
039 39 2494478; FAX 039 39 2494296 

Raddital will display complete 
bolt-on and standoff rectifier as- 
semblies for welding machines. 
Custom and off-the-shelf solu- 

tions are available for all 
GMAW, SMAW and GTAW re- 
quirements, whether they are 
redesigns or new machines, in- 
cluding semi- and fully con- 
trolled assemblies. Catalogs 
and samples will be available. 

Radyne Corp. 1074 
211 W. Boden St., Milwaukee, Wl 53207 
(414) 481-8360; FAX (414) 481-8303 
www.radyne.com 

Radyne will exhibit its air- 

cooled, compact, solid-state in- 
duction power supplies rated at 
5 to 25 kW power output that are 
designed for brazing and sol- 
dering applications. A 5-kW unit 
will be demonstrated on suitable 
customer-supplied products. 
Quick Disconnect Tooling and 
various induction coil designs 
will also be available for on-site 
applications. This equipment 
compliments other units avail- 
able from 1 to 5000 kW. 

Rankin 
Industries, Inc. 1355 
2285 Main St., San Diego, CA 92154 
(619) 575-6000; FAX (619) 575-6003 

Rankin Industries, a formulator 
and producer of hardfacing 
electrodes and wires, will fea- 
ture its 0.035-in. high-alloy 
hardfacing wires designed for 
hardfacing smaller parts that 
may warp with larger diameters. 
This addition completes the 
range from 0.035 to 'A in. Also 

Designed by Sciaky & 
Manufactured for the Millennium 

For the past 60 years, we have built a reputation as 
a leading manufacturer of welding equipment at 
the forefront of technology. Today, our market 
includes automotive, aerospace, consumer products, 
etc. We offer total system design, manufacture, 
installation and service. Let us design and build 
your next welding system. 

Advanced Arc Welding Machines 
Sciaky designs and manufactures standard AcuWeld • 
systems and specialty arc welding systems for a variety 
of applications. Our capabilities include, GTAW, PAW, 
VPGTAW, VPPAW, GMAW and MPAW. 

Electron Beam Welding Machines 
Our electron beam technology provides clean, precision 
joining of hard-to-weld materials from foils to heavy 
sections. Producing very little distortion, EB welding 
systems are capable of great speed and accuracy 
and are suitable for the fabrication of high-precision 
assemblies or performance welding, and surface heat 
treating. 

Resistance Welding Machines 
Sciaky's resistance welding equipment has set the 
standard of excellence for joining steel, aluminum, 
nickel-based alloys and other hard-to-weld materials. 
Try our new Sigma Six ~ SPC resistance weld control 
with complete data acquisition capabilities. 

CD (capacitor discharge) Welding Machines 
These high-energy welding machines offer extremely 
short welding time. The high reproducibility makes this 
a favorite among automotive, home appliance and 
building industries. Machines range in power from 800W 
to 60,000W and come in three sizes: Table, C-frame and 
Press-frame. 

Contract Welding Services 
We offer a contract welding bay that is more than 10,000 
square feet that house four EB welding machines, plus a 
complete testing and evaluation laboratory. We have part 
welding capabilities up to 22 feet in length. 

Upgrades & Retrofits 
If you have changed a production parameter, are in need 
of additional output, or would like to add new c a p a b i l i t i e s  
to existing equipment, contact us to s t a r t ~ ~ ! ~ t h e  project 
rolling. J .~ i u~ ,  

® See us at AWS a "y of phillips service indusl:ries Booth #2219 

4915 W. 67th Street • Chicago, Illinois 60638-6493 • (708) 594-3800 • (708) 594-9213 fax • www.sciaky.com 

C i r c l e  No.  1 2 0  on R e a d e r  I n f o - C a r d  

WELDING JOURNAL I 185 



MIX YOUR 0 
SHIELD GA, ( 

Upgrade your MIG or T Bridge the gap with 
operation by replacing DIVERS ACADEMY 

TO YOUR FUTURE IN... 
COMMERCIAL DIVING 

~ ~  DIVERS ACADEMY OF THE EASTERN SEABOARD, INC. 
~ Train~g Since 1977 2500 BROADWAY, CAMDEN, NJ 08104 

Circ le  No.  133  on R e a d e r  I n f o - C a r d  

SEE US AT AWS SHOW BOOTH 1034 SEE US AT AWS 

on display will be the Swesco 
wire feeder, which delivers thin- 
stripped, high-alloy wires. The 
exhibit will include several parts 
from a variety of industries. 

Ready Welder Corp. 2354 
1931 N. Gaffey St., Ste. B 
San Pedro, CA 90731 
(800) 935-3644; FAX (310) 832-8958 
www.readywelder.com 

Ready Welder will display its 
Ready Welder II portable, DC- 
powered GMAW machine and 
spool gun. The unit is powered 
by either deep-cycle batteries 
(18-36 V) or the DC outputs of 
arc or wire-feed welding ma- 
chines. At 24 V, the unit welds 
up to ½-in. steel and ¾-in. alu- 
minum. 

Reed Mfg. Co., Inc. 521 
P.O. Box 1321, Erie, PA 16512-1321 
(800) 666-3691; FAX (800) 458-1697 
www.reedmfgco.com 

Reed will feature its Combi and 
Compact electric solderer. Both 
use resistance heating to melt 
solder without a flame. The 
Combi combines soft soldering 
up to 2 in. (5 cm), silver solder- 

ing up to 3/, in. (2 cm) and thaw- 
ing up to 1 in. (2.5 cm). The 
Compact soft solders up to ~in. 
A ¾-in. joint can be made in 30 
s without damage to nearby 
pipes, fittings or fixtures. 

Reis Robotics/ESAB 1207 
1320 Holmes Rd., Elgin, IL 60123 
(847) 741-9500; FAX (847) 888-2762 
www.relsrobotlcs.com 

Resistance Welder 
Manufacturers' Assoc. 830 
1900 Arch St., Philadelphia, PA 19103 
(215) 564-3484; FAX (215) 963-9785 
www.rwma.org 

The Resistance Welder Manu- 
facturers' Association will high- 
light its membership benefits. 
The association represents ap- 
proximately 50 manufacturers 
of resistance welding machin- 
ery, electrodes and component 
suppliers of such equipment as 
transformers and controls. As- 
sociate members include edu- 
cators, engineers and consul- 
tants to the resistance welding 
industry. The association con- 
ducts spring and fall welding 
schools, which are open to the 
public, and publishes educa- 
tional bulletins and the Resis- 
tance Welding Manual 

Resistance Welding 
Products Ltd. 342 
9270 Marlborough St., P.O. Box 670 
Blenheim, Ont. N0P 1A0, Canada 
(519) 676-8173; FAX (519) 876-3329 
www.rwpweld,com 

Resistance Welding Products 
will display its resistance weld- 
ing consumables. Products in- 
clude dual-kickless (low-reac- 
tance), water-cooled single, air- 
cooled (standard extra flex) 
shunt cables, including lami- 
nated shunts; specialty ma- 
chined electrodes; fixtures; and 
cold-formed weld gun adapters 
and holders. The company of- 
fers transformer sales and re- 
pairs. The company is a full line 
supplier, distributing various 
popular brands. 

Revco Industries, Inc. m 
"Black Stallion" 324 
6301 Alondra Blvd. 
Paramount, CA 90723 
(800) 527-3826; FAX (800) 738-2690 
www.revcoindustrles.com 

Rex-Cut Products, Inc. 552 
960 Airport Rd., P.O. Box 2109 
Fall River, MA 02720 
(800) 225-8182; FAX (800) 636-8501 
www.rex-cut.com/-rex-cut 

Rick West In.c 
512 Green Rd. 
Bloomington, IN 47403 
(812) 332-8082 

575 

Robinson Technical 
Products Midwest 434 
3635 W. Ridge Rd., Unit C 
Gary, IN 46408 
(219) 884-3565; FAX (219) 884-3759 

Robotic Accessories Div., 
Process 
Equipment Co. 1941 
6555 S. State Rte. 202 
Tlpp City, OH 45371 
(937) 667-5705; FAX (937) 667-7602 
www.processeq.com 

Robotic Accessories will feature 
its new Ultimatic TM robotic colli- 
sion sensor, which protects the 
equipment in a robotic welding 
cell. Following deflection, the 
sensor returns back to its origi- 
nal position within ±0.0005 in. 
(x,y and z) and ±0.017 deg ro- 
tationally. The moment and 
force resistance is pneumati- 
cally adjustable, and the user 
may set the amount of pre-sig- 
nal compliance. The design is 
low in profile and lightweight. 
The special air line is heat and 
weld spatter resistant. 

RobotWorx 1973 
5802 Coppock Dr. 
indianapolis, IN 46221 
(317) 856-0095; FAX: (317) 856-2965 
robots4weldlng,com 

Rofin-Sinar Inc. 1635 
45701 Mast St., Plymouth, MI 48170 
(734) 455-5400; FAX (734) 455-2741 
www.rofln-slnar.com 
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New Millennium 
New Industry Standard 
for Cylinder Filling 
ACD and European affiliate ACD CRY0 
have teamed for the worldwide release 
of two low maintenance, high performance 
cylinder and storage filling pumps. The in-line 
style NOVA pump features a seal cartridge that 
is replaceable in three minutes and is ideal for 
thermosyphon tank applications. It is designed 
for low liquid loss and quick start-up capability. 
The rugged vertical P2K model features a sump 
style design allowing for efficient pumping at lower 
NPSH and providing a high degree of safety for 
oxygen applications. 

NOVA Series 
(for liquid nitrogen, oxygen, and argon) 

*The in-line design of the NOVA, using the cold end as part 
of the piping, makes this series perfect for operation with 
thermosyphon and cold converter tanks. 

~" The seal cartridge design allows for replacement in just three 
minutes and the cold end has'or~ly five main components. 

* Low pump mass makes for fast pump cooldown and low gas losses. 

P2K Model 
(for liquid nitrogen, oxygen, argon, ethylene, and methane) 

* The vertical pump installation eliminates gravitational loading on the 
piston, provides smoother suction valve operation, and makes for a more 
compact footprint. 

* The P2K motor is positioned on the backside of the pumping skid, virtually 
eliminating fire danger or explosion hazard in the presence of an oxygen leak. 

* Fast and easy replacement of the spring energized pushrod shaft seals is 
made possible with cartridge housings and can be accomplished in a short 
time without ever removing the cold end. 

. • 

Santa Ana, CA USA 
tel: 800.525.4216 (USA only) 
tel: +1.949.261.7533 
fax: +1.949.261.6285 
acd@acdcom.com 
www.acdcom.com 
Pittsburgh Cryogenic Services, Inc. 
Imperial, PA USA 
tel: 800.327.6461 (USA only) 
tel: +1.724.695.1910 
pittcryo@pulsenet.com 

Cryogenic Industries - Malaysia 
Selangor, Malaysia 
tel: +60 (3) 365.4801 
jestes@pc.jaring.my 

e 
o 

Muenchenstein, Switzerland 
tel: +41.61.413.0230 
fax: +41.61.413.0233 
info@acdcryo.com 
www.acdcryo.com 

CryoCal, Inc. 
Santa Ana, CA USA 
tel: +1.949.724.8636 
cryocal@internetconnect.net 

CryoCanada Incorp. 
North York, Ontario, Canada 
tel: +1.416.502.1950 
cryocan@istar.ca 

Circ le  No.  3 8  on R e a d e r  

CryoAtlanta, Inc. 
Atlanta, GA USA 
tel: 888.217.9355 (USA only) 
tel: +1.404.696.8113 
tfarmer@bellsouth.net 
ACD CRYO 
Bad Bellingen, Germany 
tel: +49.7635.8105.0 
info@acdcryo.com 
I n f o - C a r d  
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~ Sustaining 
Member 

TRIANGLE ENGINEERING, INC. 
Services for the Welding Industry 
• AWS QC4 Accredited Test Facility 
• Navy Welder Qualification Mock-up Bevel +"C" Canopy Fillet Diaphragm 
• Mill Test Reports With Each Shipment 
• Materials And Equipment In Stock And Ready To Ship 
• Appendix B IOCFR50 MIL-I-45208 

WELD ENGINEERING & CONSULTING 
WPS, PQR 

• A l u m i n u m  • B r o n z e  • T i t a n i u m  • Copper 
I n c o l o y  • L o w - M e d i u m - H i g h  • C r - M o l y  • Nickel 
M o n e /  Alloy Steel • C-Moly • Ferralium 

• Inconel • 300-Stainless-400 ~ H a s t e l l o y  • Zirconium 

FULL TESTING SERVICES 

iii 

Backing 
Bars 

WELDER TRAINING & QUALIFICATION COUPONS 

Economy in Welder 
Training 

DESTRUCTIVE TEST EQUIPMENT 

P.O. Box 1205, West Hanover, MA 02339 ° (781)878-1500 • 
www.trieng.com 

(617)471-1762 • Fax (781)878-2547 
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Ervin Amasteeh 
The Originators of Cast Steel 

Shot and Grit. 

As the leading producers of cast steel shot and grit, AMASTEEL has become 
synonymous worldwide with product quality, reliability, and customer support. 

Put our experience and capability to work for you. 

AMASTEEL 
FROM ERVIN INDUSTRIES 

Patron Member of the Steel Structures Painting Council 

Ervin Industries, Inc., 3893 Research Park Drive, Ann Arbor, MI 48106 
Toll Free: (800) 748-0055 Fax: (734) 663-0136 

C i r c l e  No ,  5 9  o n  R e a d e r  I n f o - C e r d  

Rofin-Sinar will display indus- 
trial laser cutting, welding, 
marking and other application 
examples processed from its 
current product line. The prod- 
uct line includes high-frequency 
CO 2 lasers with powers up to 8 
kW, continuous-wave or pulsed 
Nd:YAG lasers with powers to 
2.5 kW, diffusion-cooled lasers 
with up to 3.5 kW power output, 
sealed tube CO 2 lasers up to 
300 W and diode lasers both 
low power and with powers in 
excess of 2 kW for a variety of 
welding, cutting, marking and 
surface treatment applications. 

S.CO.M.E.S. SRL 344 
Via Enrico Mattei 6/8 
Castiglione D'Adda 26823, Italy 
39 0377901243; FAX 39 0377900206 
www.scomes.it 

S.CO.M.E.S. will feature its rec- 
tifier sets. The company's 
equipment allows skilled work- 
ers to produce rectifiers suitable 
to the continuous development 
of markets. 

S.I.A.T.S.p.A. Societa 
Italiana Acciai 
Trafilati 1072 
Via Facin116, Gemona Del Friun 
Udine 33013, Italy 
39 0 432898908; FAX 39 0 432898903 

SALD-FLUX srl 2423 
Via Friull, 5 
Fizzonasco Di P.E. (MI) 1-20090, Italy 
39 02 90420251; FAX 39 02 90420217 

Sandvik will feature its stainless 
steel and high-alloy welding 
consumables. Products fea- 
tured include Generation VII 
GMAW wire; SanPac, a 250-, 
500- and 1000-1b-payoff, line- 
marked GTAW wire; moisture- 
resistant, -17 covered elec- 
trodes; flux-cored electrodes for 
flat and position welding, and 
strip and flux for submerged arc 
and electroslag surfacing. 

Schnorrer, Walter ApS 
Welding Equipment 131 
Anker Engelunds Vej 6 
Aalborg DK-9200, Denmark 
45 96342121; FAX 45 96342122 

Schwarzkopf 
Technologies Corp. 1903 
115 Constitution Blvd. 
Franklin, MA 02038 
(508) 553-3800; FAX (508) 553-3823 

Schwarzkopf Technologies, the 
U.S. affiliate of the Austrian 
company Plansee AG, will fea- 
ture its GTA welding electrodes. 
Its GOLDplus contains 1.5% 
lanthanum oxide and is free of 
radioactive constituents. All 
standard types and sizes are 
stocked at the company's loca- 
tion in Massachusetts, and they 
are available through many 
major welding wholesalers and 
suppliers. 

Sciaky will feature its welding 
systems, including advanced 
arc, resistance, laser and elec- 
tron beam systems. The com- 
pany offers contract welding ser- 
vices and after-sales service 
throughout the operational life of 
a customer's equipment. On dis- 
play will be the Sigma Six weld 
control, which features a touch- 
screen display. Industries served 
are aerospace/defense, automo- 
tive and consumer goods. 

S c i e n t i f i c  D u s t  

C o l l e c t o r s  6 6 1  
4101 w. 126th St., Alsip, IL 60803 
(708) 597-7090; FAX (708) 597-0313 
www.scid uetcollectors.com 

Scotchman Ind. 639 
180 E. Highway 14, Box 850 
Philip, SD 57567 
(605) 859-2542; FAX (605) 859-2499 
www.scotchman.com 

Sculpture by Kiel 2084 
3346 S. Seeley, Chicago, IL 60608 
(773) 254-0779; FAX (708) 839-9207 

Seal Seat Co. 1843 
1200 Monterey Pass Rd. 
Monterey Park, CA 91754 
(323) 269-1311; FAX (323) 269-0529 

Seal Seat will feature its com- 
ponents for use in sealing, con- 
trolling and regulating the flow 
of liquids and gases. The com- 
pany services the gas welding, 
medical, fire and aerospace in- 
dustries, as well as consumer 
product manufacturers. Com- 
ponents are manufactured from 
brass, stainless steel, alu- 
minum, plastic, nylon, Teflon 
and KeI-F. The company's ex- 
pertise is in bonding rubber to 
metal using UL-listed and/or 
recognized rubber compounds. 

WELDING JOURNAL I 189 



f 

HAS THE WELDING TOOL FOR YOUR WELDING 

The "MIG" equipment illustrated represents a New Con- 
cept (Docking Spool ®) which allows speclalized selection 
of various torch configurations that can be snapped into 
position and locked. Servicing equipment is simple and 
stand-by barrels can be quickly replaced reducing down- 
time associated with conventional torch cable assemblies. 
Ideal for welding °030" thru .125" wire (up to 800 amps-co=) 

Remote Mounted 
DOCKING SPOOL ® 

Weld Body 
Combination 

consult factory for futher details. 

MACHINE SPECIALTIES, INC. 
1750 Howard Drive 

North Mankato, MN 56001 
(507) 625-6200 i t 

\ 

4 - -  

le Barrel 
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Segro Colonial 
Abras i ves  1874 
312 S. Pine St., Aberdeen, NC 28315 
(800) 334-2151; FAX (800) 732-3299 

Selectarc (Forges de 
Saint-Hippolyte S.A.) 252 
Place Des Forges 
Grandvillare 90600, France 
33 384573777; FAX 33 384235790 
www.eelectarc.com 

Selectarc (Forges de Saint-Hip- 
polyte) will feature its special arc 
welding electrodes: stainless 
steel, hardfacing, nickel based, 
cast iron and nonferrous. Its 
products are marketed under 
the company's brand name Se- 
lectarc, or under private labels, 
in more than 65 countries. 

Selectrode will feature its up- 
dated product line with mois- 
ture-barrier flux formulations. 
The line includes the company's 
aluminum electrode, stainless 
steel, cast iron, bronze and 
wear-facing products. The com- 
pany's formulation increases 
the moisture-resistance perfor- 

mance of the electrodes by 
more than 50%. Additionally, 
the company will be introducing 
its redesigned abrasion-resis- 
tant wear plate. 

Semtorq, Inc. 346 
26641 Solon Rd., Bedford, OH 44146 
(440) 232-4747; FAX (440) 232-6227 
www.eemtorq.com 

Sentinel, LLC 2128 
1370 Willow Rd., Menlo Park, CA 94025 
(650) 323-8270; FAX (650) 323-1742 
www.sentlnelsafety.com 

Sentinel will feature its welding 
helmet made with DuPont 
Kevlar-brand fiber molded into 
a high-temperature phenolic. 
The 7-oz helmet is burn-through 
resistant to 800°F. The material 
meets ANSI Z87.1 require- 
ments, and is flexible to allow 
access to tight spaces. 

Serve-Robot Inc, 

Servo-Robot will introduce its 
MOBITRAC portable arc-weld- 

ing robot, which operates with- 
out human supervision; its mini- 
laser camera, designed for 
welding automation, whose ap- 
plications range from robotic 
GMAW to submerged arc nar- 
row-gap welding with root ge- 
ometry measurement capabili- 
ties; and FLEXCELL, an auto- 
matic weld-gauging and inspec- 
tion system. Also displayed will 
be the company's laser sensors 
and process controllers, all 
specifically engineered for 
welding automation and 
robotics. Its solutions for weld- 
ing cost reduction and quality 
control will be demonstrated, in- 
cluding sensors and control sys- 
tems for joint tracking and find- 
ing, adaptive welding and in- 
spection. 

Sherwin,  Inc. 533 
5530 Borwlck Ave. 
South Gate, CA 90280 
(582) 861-6324; FAX (562) 923-8370 

SigmaTEK Corp. 1172 
320 120th Ave. NE, Ste. 200 
Bellevue, WA 98005 
(425) 709-0711; FAX (425) 709-0717 
www.slgmaneet.com 

SigmaTEK will feature Sigma- 
NEST, its automatic nesting and 
NC profile cutting software.The 
software supports part marking 

chain and common line cutting, 
multi-axis bevel contouring, au- 
tomatic true shape nesting, 
multi-torch nesting and more. 
The software can be used with 
plasma, oxyfuel laser router and 
water jet cutting machines, 
along with turret punch presses. 
The software's true-shape au- 
tomatic nesting improves ma- 
chine throughput, tracks rem- 
nants, controls inventory and 
improves time and cost esti- 
mates. 

Simaco Elettromeccanica 
SRL 345 
s.c. 235 No. 16 
Corte Paleeio (LO) 1-26834, Italy 
39 0371420567; FAX 39 0371420566 
www.slmacosrl.lt 

Simplex Div. Templeton, 
Kenly & Co., Inc, 402 
2525 Gardner Rd. 
Broadview, IL 60153 
(708) 865-1500; FAX (708) 865-0894 
www.tkslmplex.com 

SKM Industries Inc. 555 
1012 Underwood Rd. 
Olypbent, PA 18447 
(570) 383-3062; FAX (870) 383-9482 
www.skmproducts.com 

The company will feature its Su- 
perMet-AI marker, an all-pur- 
pose, oil-based marker. Press 
the tip on the surface and 
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DOWNDRAFT 
BENCH 
[ 

#EW! 

Collect dust and welding smoke with Airflow 
Systems, Inc. new Downdraft  Bench. Self- 
con ta ined  unit  has se l f -c lean ing  car t r idge  
filtration and built-in motor/blower. 

FAX Today for Free Brochure 

FAX (214) 503-9596 ° 1-800-818-6185 

I  ///Airflow®"3"Ops em"l"oa" I 
~ 1 / I  S Y S T E M S I N C.  Dallas TX 7 5 2 4 3 ~ 3 0 6  USA 

Circle No. 6 on Reader Info-Card 
SEE US AT AWS SHOW BOOTH 264 

Sneak Preview 
atAWS: 

A New Way to Get 
Advanced Technology, 

High Quality, 
and Superior Service 

for Name Brand 
Welding and 

Safety Equipment 

Visit Booth 772 
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squeeze the barrel to dispense 
paint for drawing fine lines, writ- 
ing or marking on metal (rough 
or oily), or all other surfaces. It 
comes in 13 colors, which in- 
cludes neon, metallic silver and 
metallic gold. 

Solar Flux 1867 
P.O. Box 2129 
Morehead City, NC 28557 
(252) 808-3511; FAX (252) 808-3711 
www.solarflux.com 

The company will exhibit its line 
of backup fluxes for welding 
stainless steel and high-nickel 
alloys. A 24-page brochure, ex- 
plaining the common problems 
in stainless steel and superal- 
Ioy welding, and the benefits of 
the company's fluxes, will be 
available. 

Source Production & 
Equipment Co. 430 
113 Teal St., St. Rose, LA 70087 
(504) 464-9471; FAX (504) 467-7585 
www.spec150.com 

Source Production & Equip- 
ment will highlight its SPEC-300 
Cobalt-60 gamma radiography 

system featuring 300-Curie-ca- 
pacity Cobalt-60. It is con- 
structed of stainless steel and 
titanium, meets all new safety 
requirements, is reliable, 
durable and low maintenance. 
It can also change ASM without 
removing the source. The com- 
pany's booth will feature infor- 
mation on the system, along 
with a demonstration of the Re- 
mote Unsecuring Mechanism 
(RUM) for use with the SPEC- 
300 and SPEC-150. 

Spanco, Inc. 222 
Hemlock Rd., Morgantown, PA 19031 
(610) 286-7200; FAX (610) 286-0085 
www.spanco.com 

Sparky Abrasives 2056 
4811 Dusharme Dr. 
Minneapolis, MN 55429 
(612) 535-2403; FAX (612) 535-2708 

Specialty Gas 
Concepts Co. 601 
4344 S. Main, Pearland, TX 77581 
(281) 462-7007; FAX (281) 482-9216 

Spectronics Corp. 429 
956 Brush Hollow Rd. 
Westbury, NY 11590 
(800) 274-3888; FAX (800) 491-6868 
www.spectroline.com 

Spectronics will feature its line 
of black-light (UV) lamps and 
UV meters for NDE. Newly re- 

designed UV/VIS meters offer 
stable, accurate and reliable 
readings. Lightweight, portable 
fan-cooled lamps are used for 
magnetic-particle and liquid- 
penetrant testing, as well as hy- 
drocarbon contamination detec- 
tions. Fluorescent dyes for leak 
detection will also be featured. 

SSP 665 
241 Long Leaf Acres Dr. 
Wilmington, NC 28405 
(910) 452-1974; FAX: (910) 452-1975 

Stanco Mfg., Inc. 339 
2004 W. Main, P.O. Box 1148 
Atlanta,TX 75551 
(903) 796-7936; Fax (903) 796-9237 

Stanco will feature its line of 
gloves, clothing and acces- 
sories for industrial workers in 
high-temperature work environ- 
ments. These may include 
welders, steel mill and foundry 
workers, and chemical plant 
workers. Products are made 
from a variety of heat-resistant 
leathers and high-temperature 
fabrics, such as Kevlar® and 
Nomex~. 

Staveley NDT! 
Conam Inspection 528 
192 Intemstionale Blvd. 
Glendale Heights, IL 60139 
(800) 982-6626; FAX (630) 681-0009 
www.conamlnsp.com 

Stein USA 361 
234 Shoreline Dr., New Bern, NC 28562 
(252) 635-9690; FAX (252) 635-9473 
www.megafil.com 

Stein USA, a subsidiary of the 
German company, Drahtwaren- 
fabrik Drahtzug Stein, will fea- 
ture its seamless flux cored 
wires, strip and solid wires for 
welding. Since developing the 
manufacturing process in 1966, 
the company has produced 
seamless flux cored welding 
wire used by many shipyards, 
steel fabricators and pipeline 
construction worldwide. Seam- 
less flux cored wires offer new 
technology and performance 
solutions. 

Steiner Industries 801 
5801 N. Tripp Ave., Chicago, IL 60646 
(773) 588-3444; FAX (773) 588-3450 

Steiner Industries will be cele- 
brating the company's 25th an- 
niversary. As a major manufac- 
turer of welding gloves, protec- 
tive clothing, welding blankets, 
curtains and accessories, the 
company will exhibit a wide 
range of products. The new 
product section of the exhibit will 
feature a new jacket design for 
a welder's personal protection. 
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How to prevent _ 
spatter build-up, From the 

Anti-Spatter Xperts. 
• Complete nozzle 

maintenance 
• Improve weld 

quality 

Call lhe Xperts...1-8OO-Weld-Aid 

• Better gas 
coverage 

• Increase nozzle 
and tip life 

• Reduce costly 
downtime 

...that's 800-935-3243 

Not just answers, solulions. 

Technical and MSDS informalJon: 
www.weldald.com 

U J [ L D - I I I D  PRODU('I'$ ,.6s0 Dequindre Detroit, M, 482]2 USA 

ANTI-SPATTER • WIRE LUBE & KLEENERS • NOZZLE KLEENERS 
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SEE US AT AWS SHOW BOOTH 752 

Stel Inverters, Inc. 1261 
P.O. Box 52-0961, Miami, FL 33162 
(305) 471-9097; FAX (305) 471-9792 

Stellar Industries 554 
280 W. Third St., P.O. Box 169 
Garner, IA 50438 
(800) 321-3741; FAX (515) 923-4889 
www.stellar-induatrise.com 

Stellar Industries will introduce 
the Stetlarc "smart" welding sys- 
tem, which allows fast, efficient 
and durable welding operations 
anywhere. It is powered by a 
225-A alternator attached to the 
vehicle engine and can serve in 
a number of applications, such 
as a high-performance battery 
charger, high-performance 
booster and a general power 
source. The unit is light and 
compact, and can be installed 
on virtually all North American 
and imported trucks and pick- 
ups. 

Stellite Coatings 764 
1201 N. Eisenhower Dr. 
Goshen, IN 46526 
(219) 534-2585; FAX (219) 534-3417 
www.stelllte.com 

Deloro Stellite will feature its 
cobalt and nickel-based alloys, 
which are produced in several 
plants worldwide. The company 
specializes in components, 
coatings and consumables. 

Components are produced in 
eight different processes, sup- 
ported by a full machine shop. 
The coatings division is linked 
to the company's full line of 
equipment production, and the 
consumables line consists of 
powder, wire, bare rod and elec- 
trodes. 

Stillwater 
Technologies,  Inc. 836 
1040 S. Dorset Rd., Troy, OH 45373 
(937) 440-2500; FAX (937) 440-2551 
www.stlUwatsrtechnologles.com 

Stillwater Technologies will fea- 
ture its resistance welding prod- 
ucts, offering both RWMA stan- 
dard and customized products. 
The company has served the 
contract tooling and machining 
industry for more than 40 years. 
The product line includes the 
following: consumables, tip 
dressers, resistance welding 
guns, universal gun parts, loca- 
tion pins and rebuild services 
for all brands of weld guns and 
gun arms. 

StressTel 221 
2790 W. College Ave. 
Stats College, PA 16801 
(314) 861-6300; FAX (314) 861-6330 
www.stresetel.com 

StressTel, an ISO 9001 com- 
pany, will exhibit its full range of 
ultrasonic instruments including 
a new flaw detector, thickness 
gauges, transducers and stress 
measurement instruments. 
Major products include the 
tough FlawMike; T-Mike gauge 
series for measurement of 
pipeline and tank wall loss; the 
TM1 gauge series for thickness 
measurement of precision ma- 
chined components; a full range 
of dual- and single-element 
transducers; and its BoltMike 
stress measurement instru- 
ments. 

Sumner  
Mfg. Co., Inc. 1211 
7514 Alabonson Rd., Houston, TX 77088 
(281) 999-6900; FAX (281) 999-6966 

Surv iva i r  1673 
3001 S. Susan St., Santa Aria, CA 92704 
(900) 921-7236; FAX (714) 950-0299 
www,survlvalr.com 

Swagelok Co. 582 
31400 Aurora Rd., Solon, OH 44139 
(440) 349-5934; FAX (440) 349-5806 

Swagelok will highlight its weld- 
ing system that provides simpli- 
fied programming, fixturing and 
weld documentation in critical 
systems, where contamination 
control is a priority. This en- 
hanced orbital gas tungsten arc 
welding (GTAW) system helps 
users improve weld consistency 
while reducing overall time and 
cost per weld. 

Systematics, Inc. 1846 
P.O. BOX 2429, W. Chester, PA 19380 
(610) 696-9040; FAX (610) 430-8714 

Thermacut will have on display 
a full line of TMT replacement 
plasma torches and parts for all 
cutting, welding and gouging 
applications, including the 
patented "Dura-Torch" and all 
the "Super-Life" electrodes. The 
company will also exhibit its own 
line of Thermacut GMA and 
GTA torches with replacement 
parts for all your welding needs, 
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Y o  u r  

c h i l d r e n  
a r e  a r e a l  

c r e d i t  
t o  you. 

$ 5 o o  each  
They're your pride and joy. 

What's more, they can save you 

up to $500 each, subtracted 

right off your federal income 

tax. The Child Tax Credi t  is 

an impor tan t  benefi t  of the 

Taxpayer Relief Act. 

Who qualifies? Each dependent 

child, or descendant, stepchild 

or foster child under 17 as of 

12/31/99. Must be a U.S. citizen 

or resident. 

Credit is reduced when your 

modif ied  Adjusted Gross 
i 

Income exceeds certain limits. 

Special rules apply for three or 

more children. 
t 

Why wait for a refund? You 

can take home more money 

e v e r y  payday, if you ask your 

: employer to withhold less. (Be 

careful to withhold enough to 

' avoid a penalty.) 

See your f 999 tax booklet for 

~full details. Or check the IRS 

: Web site: www.irs.gov 

plus the new "super-life"' con- 
tact tips. Also to be displayed is 
an expanded line of laser cut- 
ting lenses and nozzles, plus 
oxyfuel replacement tips. Fac- 
tory representatives will be 
available to answer questions 
and discuss your individual 
needs. 
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Taylor-Winfield Corp.1848 
P.O. Box 500 
Brookfield, OH 44403 
(330) 448-4464; FAX (330) 445-3538 
www.taylor-win field.corn 

Taylor-Winfield designs and 
builds metalworking machinery. 
The firm will exhibit equipment 
from three product lines: resis- 
tance welding, induction heat- 
ing and assembly/automation. 
All pieces of equipment will be 
operating and feature different 
degrees of material parts han- 
dling and automation. These 
machines and systems can be 
designed to customers' specific 
requirements and can differ 
greatly in size and function. 

TDC Filter Mfg., Inc. 2143 
1331 S. 55th Ct. 
Cicero, IL 60804 
(800) 424-1910; FAX (708) 863-4472 
www.tdcfilter.com 

TDC Filter Manufacturing is one 
of the world's largest aftermarket 
suppliers of air filtration products 
and services. Quality replace- 
ment filters are available for a 
wide variety of equipment includ- 
ing: Donaldson®, Farr®, Whee- 
labrator®, and Torit® dust collec- 
tors. On company's list of best- 
selling products you'll find HEPA 
filters, cartridge filters, Pleat + 
Plus TM pleated bags, rigid cell fil- 
ters, filter bags, minipleat V-bank 
filters and panel filters. 

Tec Torch 1852 
P.O. Box 1870 
San Marcos, CA 92079 
(760) 747-3700 

Tec Torch is celebrating its 45th 
anniversary of supplying qual- 
ity GTA torches to the welding 
industry. The exhibit will feature 
the completely revised "Origi- 
nal" Style TEC torches with 
many proven features such as 
bulb-style nozzles, high-tem- 
perature quartz glass nozzles, 
tip-of-the-torch water cooling, 
and high-temperature silicone 

rubber insulation. Featured will 
be the "WeldTec" line of torches 
with many unique features and 
models not found in other 
brands of GTA torches, includ- 
ing the patented flex-head mod- 
els. Also featured will be the 
"Speedway" Series high-perfor- 
mance GTA welding torches. 

Techalloy, a Usinor Group com- 
pany, will have sales personnel 
available to discuss the brand's 
full line of nickel and stainless 
welding consumables and se- 
lect low-alloy products. The ex- 
tensive nickel and stainless 
product line includes imprinted 
GTA rods, solid wires on spools, 
coils, reels, drums and Tech- 
Paks, along with a full offering 
of Tech-Rod coated electrodes. 
All products are manufactured 
in Baltimore, Md., and are ware- 
housed in locations throughout 
the United States. 

Techniweld Al loys  & 
Welding Supplies 2173 
4420 Commerce Dr. S.W. 
Atlanta, GA 30336 
(404) 699-9900; FAX (404) 699-7800 

Tecnar Automation 
Ltd 966 
3502 First St. 
St. Hubert, Quebec J3Y 8Y5, Canada 
(450) 443-5335; FAX (450) 443-4880 
www.tecnar-automatlon.com 

Technar will exhibit its Rotow- 
eld 2000 systems, fully auto- 
mated work cells that integrate 
machine vision and robotics in 
a completely dedicated pack- 
age developed specifically oft 
industrial pipe fabrication. High- 
lighted will be the Twin Work- 
station, the most advanced ver- 
sion of this technology, which 
uses high, deposition-rate 
GMAW procedures. The Twin 
workstation incorporates two 
separate work bays, each with 
its own independently operated 
rotator. This configuration al- 
lows unloading, reloading and 
work preparation to be per- 
formed off-line in one bay with- 
out interfering with the ongoing 
welding in the other bay. The 
system welds at the rate of ap- 
proximately 1 in./min (on stan- 
dard wall pipe). 

Tecnomatix Technologies, 
Inc. 2412 
39810 Grand River Ave., Steo 100 
Novi, MI 48375-2101 
(248) 471-6140; FAX (248) 471-6147 
www.tecnomatix.com 
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Exhibit will feature the Tecno- 
matix Digital Factory, a group of 
interoperable tools for planning, 
designing and managing man- 
ufacturing processes. It helps 
manufacturers make realiable 
decisions from the start of a new 
product introduction - -  even be- 
fore product designers start 
work. The Digital Factory in- 
cludes process model platform 
(PMP) for storing manufactur- 
ing data and enabling team col- 
laboration; process planning 
applications for early definition 
and analysis of manufacturing 
concepts; production engineer- 
ing (CAPE) tools for detailed de- 
sign and optimization of manu- 
facturing processes such as as- 
sembly, welding and painting; 
and group/data management 
applications for managing pro- 
jects, processes, versions and 
changes, as well as Web-based 
reporting. 

Texas State Technical 
College-Welding 1985 
3801 Campus Dr., Waco, TX 76701 
(254) 867-3549 
www.tstc.edu/welding 

Thermal Arc, 
a Thermadyne 
Co. 1416/1228 
2200 Corporate Dr., Troy, OH 45373 
(937) 440-0100; FAX (937) 440-0157 
www.thermalarc.com 

Thermal Dynamics Corp., 
a Thermadyne 
Co. 1416/1228 
industrial Park #2 
W. Lebanon, NH 03784 
(603) 298-5711; FAX (603) 298-5720 
www.thermal-dynamics.com 

Thermco Instrument 
Corp. 1034 
1201 W. US Highway 20 
LaPorte, IN 46350 
(219) 362-6258; FAX (219) 324-3568 

Equipment for mixing and ana- 
lyzing shielding gases for GMA 
and GTA welding will be on dis- 
play, including gas mixers for 
CO2/argon and oxygen/argon 
capable of servicing up to 66 
welding stations. Also on dis- 
play will be gas analyzers capa- 
ble of measuring CO2/argon, 
oxygen/argon, and helium/- 
argon shielding gas mixtures. A 
digital gas analyzer will be 
demonstrated with mixtures of 

CO2/argon and oxygen/argon. 
Technical sales staff will be pre- 
sent for consultation. 

3M Occupational Health & 
Environmental 
Safety 2242 
3M Center, Bldg. 275-6W-01 
St. Paul, MN 55144 
(651) 733-9491; FAX (651) 733-2555 

Heat, sparks, odor, harmful par- 
ticles - -  these are some of the 
many factors to consider when 
selecting respirators for weld- 
ing, brazing, soldering, and 
metal pouring. 3M will show a 
comprehensive line of respira- 
tory solutions for welding appli- 
cations. From maintenance- 
free to supplied-air respirators, 
including elastomeric face- 
pieces and powered air respira- 
tors, you'll find the right one for 
your application. 3M is launch- 
ing a new maintenance-free 
respirator, 8515N95. Come to 
the 3M booth to get your free 
sample. 

Tillman Co., John 316 
2555 S. Dominguez Hills Dr. 
Compton, CA 90220 
(310) 764-0110; FAX (310) 764-0104 

John Tillman will offer a broad 
selection of quality welding and 
industrial gloves, protective and 
high-heat clothing, welding cur- 
tains and screens, strip cur- 
tains, blankets, and other pro- 
tective welding accessories. 
The glove line offers specialized 
products for SMA, GMA and 
GTA welding, driver/warehouse 
handling, specialty, and high- 
heat applications. The protec- 
tive clothing line includes jack- 
ets, cape sleeves, sleeves, 
work aprons, chaps, pants, 
overalls, spats and leggings 
made from leather or fire retar- 
dant cotton in various weights. 

Timesavers, Inc. 2431 
5270 Hanson Ct. 
Minneapolis, MN 55429 
(800) 537-3611; FAX: (763) 537-9247 
www.tlmesaversinc.com 

Titanium Wire Corp. 660 
235 industrial Park Rd. 
Frackviile, PA 17931 
(570) 874-0311; FAX (570) 874-3198 
www.titanium.com 

TMC-Thermographic 
Measurements Co. 1766 
15021 Wicks Blvd. 
Sen Leandro, CA 94577 
(510) 347-4500; FAX (510) 347-4503 
www.t-m-c.com 

TMC-Thermographic Measure- 
ments will introduce the new 
Thermax MeltStix. MeltStix tem- 
perature indicators provide ac- 
curate, reliable temperature 
measurement and simplicity of 
use for measuring preheat, in- 

terpass and postweld heat treat- 
ment temperatures. Distributor 
inquiries welcome. Thermax 
temperature indicating labels 
and Thermindex color changing 
paint will also be on display. All 
products manufactured by TMC 
meet a minimum quality stan- 
dard of BS EN ISO 9001. 

TN Technologies 631 
2555 N. IH-35 
Round Rock, TX 78664 
(512) 388-9100; FAX (512) 388-9200 
www.tnksl.com 

The Metallurgist Pro, from TN 
Technologies, provides fast and 
accurate XRF alloy analysis and 
metals identification in a truly 
portable device (weighs less 
than most laptop computers). 
The ergonomically designed 
probe can be used on virtually 
any surface - -  even on welding 
rods, bolts and wires. The unit 
comes pre-programmed with 
227 alloys or the user can cus- 
tomize his own alloy list. Op- 
tions include a hot probe attach- 
ment (measure up to 
1000°F/537.8°C), bar code 
reader and external keyboard. 

TOCCO, Inc. 2004 
1506 industrial Blvd. 
Boaz, AL 35957 
(256) 840-2407; FAX (256) 840-2400 
www.tocco.com 

TOCCO offers a line of induc- 
tion heating equipment that pro- 
vides an efficient method of 
brazing, soldering, and welding 
similar or dissimilar materials. 
The technology consists of non- 
contact heating for rapid and 
controllable processing a vari- 
ety of components. Displayed 
will be typical power units; also, 
continuous demonstrations will 
exhibit induction capabilities. 
Application specialists will be on 
hand to address your particular 
requirements. 

Tomco Equipment 
Co. 1031 
3340 Rosebud Rd. 
Loganville, GA 30052 
(800) 832-9262; FAX (770) 978-5861 
www.tomcoequipment.com 

Top Cat Air  Too ls  719 
761 A Beta Dr., Cleveland, OH 44143 
(440) 461-1320; FAX (440) 451-3714 
www.tceervice.com 

T.C. Service will be displaying 
its wide range of American- 
made Top Cat pneumatic hand- 
held tools for welders, fabrica- 
tors and foundries. Grinders 
(large & small horizontal, right 
angle, vertical and die grinders), 
scalers, needle scalers, chip- 
ping hammers and a variety of 
saws will be available for hands- 
on inspection. T.C.'s new "low 

vibration" tools, including their 
LV-1 scalers, will be featured. 

Torit Products-Donaldson 
Co. 2020 
1400 W. 94th St. 
Minneapolis, MN 55431 
(612) 887-3991; FAX (612) 887-3377 
www.torlt.com 

Trafimet USA, Inc. 405 
700 E. Elm Ave., Unit B 
La Grange, IL 60525 
(708) 579-5893; FAX (708) 579-5854 

Tregaskiss will feature its new 
Tough Gun X, the ultimate GMA 
welding gun, offering outstand- 
ing performance while provid- 
ing unsurpassed simplicity and 
convenience for operators and 
distributors. Based on a proven 
platform, TOUGH GUN X fea- 
tures air-cooled dependability 
from 130 to 500 A at 100% duty 
cycle. Customizing a gun to 
you r specific application is easy: 
1) select your required gun am- 
perage and length; 2) select the 
necessary power pin; 3) select 
your desired size of tip/liner. 

Trendex Information 
Systems, Inc. 562 
4100 Steinberg St. 
Saint Laurent, Quebec H4R 2G7 
Canada 
(514) 333-9373; FAX (514) 333-5705 
www.trendexsys.com 

Trendex Information Systems 
will highlight Gastrend, its ac- 
counting and cylinder control 
software designed for the gas 
and welding equipment distrib- 
utor. Demonstrations will show 
the user how to control ac- 
counts receivable, accounts 
payable, general ledger and in- 
ventory. Cash sale invoices and 
orders are entered using bar 
codes. Customer maintains 
cylinder control by cylinder level 
or by serial number. Routrend 
will demonstrate the ability to 
create delivery notes off the 
truck using bar codes. 

Trimark 1805 
400 Trade Square E. 
Troy, OH 45373 
(937) 332-4000; FAX (937) 332-5224 
www.hobartbrothers.com 

Trimark, the specialist in tubu- 
lar wire, will be exhibiting a com- 
plete line of high-quality tubular 
and metal-cored wires. Tri- 
mark's impressive product line 
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includes self-shielded flux- 
cored wires, gas-shielded flux- 
cored wires for mild steel and 
low-alloy steels, and metal- 
cored wires for mild steel and 
low-alloy applications. All of 
these are available in a wide va- 
riety of package sizes. Trimark 
engineers and sales staff will be 
available to answer all of your 
filler metal questions and make 
product recommendations. 

Trion, Inc. 922 
101 McNeil Rd., P.O. Box 760 
Sanford, NC 27331-0760 
(919) 775-2201; FAX (919) 777-6399 
www.trioninc.com 

Triple Crown Products, 
Inc. 1931 
814 Ela Ave. 
Waterford, Wl 53185 
(414) 534-7878; FAX (414) 534-7879 
www.tcpcaps.com 

Trumpf Inc. 1622 
111 Hyde Rd. 
Farmington, CT 06032 
(560) 677-9741; FAX (860) 676-2606 

Trumpf Inc. m Laser 
Technology Center 1622 
47809 Galleon Dr. 
Plymouth Twn., MI 48170 
(734) 354-9770; FAX (734) 354-9769 
www.trumpfusa.com 

Trystar Cables 
(B r i dgewa te r  Tech., 
Inc.) 545 
2917 Industrial Dr. 
Faribault, MN 55021 
(507) 333-3990; FAX (507) 333-3991 

Trystar Welding Cables manu- 
factures a wide variety of col- 
ored welding cables with cus- 
tom print and/or indent, avail- 
able on short notice with small 
minimum footage requirements. 
Also available is your choice of 
spooled, boxed, bagged or 
coiled cable. Trystar also offers 
a wide variety of custom cable 
assemblies with connectors, 
electrode holders and ground 
clamps. 

TUV Amer i ca  2313 
5 Cherry Hill Dr. 
Danvers, MA 01923 
(978) 739-7012; FAX (978) 762-7637 
www.tuvglobal.com 

Tweco/Arcair, 
a Thermadyne 
Co. 1416/1228 
4200 W. Harry St. 
Wichita, KS 67209 
(316) 942-1421; FAX (316) 946-8140 
www.tweco.com 

TWI 2061 
Grants Park, Great Abington 
Cambridge CB1 6AL, United Kingdom 
44 223891162; FAX 44 223892588 
www.twi.co.uk 
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FABRICATION 
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TWl is a membership-based or- 
ganization with more than 3,000 
industrial members in 60 coun- 
tries. It encompasses a profes- 
sional engineering institution, an 
international training and certifi- 
cation activity, and a large con- 
sultancy and R&D establishment 
dedicated to transferring tech- 
nology to industry. Many differ- 
ent joining technologies are cov- 
ered, including arc, laser beam, 
electron beam and friction weld- 
ing; adhesive bonding; brazing; 
diffusion bonding; mechanical 
fastening; and microjoining pro- 
cesses. Friction stir welding, 
software and joinlT TM Internet 
will be demonstrated, with pre- 
sentations on industrial services. 

Tyrolit North America 
Inc. 2216 
12 Union St. 
Westborough, MA 01581 
(800) 366-4431; FAX (800) 366-4311 
www.tyrolit.com 

Tyrolit, the second largest man- 
ufacturer of bonded abrasives 
worldwide, welcomes distribu- 
tors, manufacturers, and end 
users to experience a new di- 
mension in raised hub and cut- 
off wheels ideal for all types of 
metals, including steel, cast 
iron, stainless steel, aluminum, 
copper, and brass. For the first 

time in the United States, the 
company's AWS Chicago 
showcase will include the new 
Secur Extra UltraThin cut-off 
wheel and Secur Rondeller, the 
multipurpose grinding wheel for 
right-angle grinders. 

Uncommon USA Inc. 2054 
1125 E. Saint Charles Rd. 
Lombard, IL 60148 
(630) 268-9672; FAX (630) 268-9655 
www.uncommonusa.com 

Uni -Hydro,  Inc. 475 
310 E. Gemini Ave.Cosmos, MN 56228 
(800) 3280036; FAX (320) 877-7204 

Unibraze Corp. 1965 
P.O. Box 55269 
Houston, "IX 77255 
(630) 993-9927; FAX (630) 993-9974 

Unisource Mfg. Inc. 2422 
8040 N.E. 33rd Dr.,Portland, OR 97211 
(503) 281-3781; FAX (503) 287-4818 
www.unisource-mfg.com 

Uni ted Air  Spec ia l is ts ,  
Inc. 805 
4440 Creek Rd.,Cincinnatl, OH 45242 
(800) 992-4422; FAX (513) 891-4171 
www.uasinc.com 

United Air Specialists will fea- 
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ture a variety of air cleaning and 
dust collection systems. 
SMOG-HOG air cleaning Sys- 
tems use electrostatic precipi- 
tator (ESP) technology to effi- 
ciently remove oil smoke and 
coolant mist generated by weld- 
ing, grinding, milling, turning, 
cold heading and other indus- 
trial processes. DUST-HOG 
dust collection systems use a 
variety of application-specific 
cartridge filters to meet virtually 

any dust collection need. In ad- 
dition to centralized systems, 
portable units are available. 

United Group Programs 
c/o AWS 0006 
550 N.W. LeJeune Rd.,Mlaml, FL 33126 
(305) 443-9353; FAX (305) 443-7559 

United ProArc Corp. 1671 
No. 3-1 Kung Ye110th Rd. 
Ping Chen Ind. Park, Tao Yuan Hslen 
Taiwan R.O.C. 
886 3 4698970; FAX 886 3 4694499 
www.proarc.tw 

ProArc will highlight CNC/shape 
cutting machines, welding posi- 
tioners, turning rolls, manupu- 
lators, longitudinal seamers, 
E.Z. Arc automatic welding sys- 
tems, and total solutions for au- 
tomation. All products are de- 
signed and fabricated in Tai- 
wan. The products have already 
been sold worldwide in 30 coun- 
tries. Staff will be pleased to an- 
swer any specific questions you 
may have. 

Unitrol Electronics, 
Inc. 341 
702 Landwehr Rd. 
Northbrook, IL 60062 
(847) 480-0115; FAX (847) 480-0932 
www.unltrol-electronics.com 

Unitrol Electronics will feature 
microprocessor-based resis- 
tance (spot) welding controls 
and process water chillers. 
These controls and chillers in- 
clude applications for: multiple 
weld programs, constant cur- 
rent held to less than 1% vari- 
ance, single-phase and 3- 

you need for field work and jobs requiring out-of-position welding or heavy overlay 
applications. Boost your produclivity and cut production costs with the highest quality 
welding products and the best commercial and technical assistance in the industry. 
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phase applications, cascade 
systems with complex welding 
sequences, real-time tip force 
monitoring and control with dif- 
ferential pressure transducers 
and automatic pressure setting 
systems, resistance brazing, 
simple to use "thumb wheel" ac- 
tivated controls, and process 
water chillers for energy savings 
and longer electrode life. 

Unittool Punch & Die 
Co. 130 
P.O. Box 863, Buffalo, NY 14240 
(716) 873-8453; FAX (716) 873-8694 

Universal Drilling & 
Cut t ing  E q u i p m e n t  322 
974 N. Dupage Ave., 
Lombard, IL 60148 
(630) 495-9940; FAX (630) 495-9941 
www.unlbor.com 

Universal will be displaying 
cobalt annular cutters along 
with a variety of portable mag- 
netic drills. Included with these 
drills will be the new AIRBOR 
Magnetic Drill that is controlled 
by compressed air. Company 
will also have its new light- 
weight (26-1b) magnetic drill on 
display. Booth personnel will 
demonstrate these products 
during the show. 

Universal Flow Monitors, 
Inc. 2032 
1755 E. Nine Mile Rd. 
Hazel Park, MI 48030 
(248) 542-9635; FAX (248) 398-4274 
www.flowmetera.com 

Universal will show variable- 
area flow rate indicators, flow 
switches, and flow transmitters 
for welding applications. The 
units monitor cooling water to 
resistance welding electrodes, 
cables, transformers, SCRs and 
Dense Packs. Also to be shown 
are mass flow meters with in- 
dication, programmable alarms, 
and transmitted outputs for 
LCD/LED applications of weld 
shielding gases, gas consump- 
tion, and gas leak detection. 

Uniweld Products will be show- 
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These ten identical welds 
were made in one-third the time 
required for manual welding. 
Just as important, Magnatech 
pipe welders make perfect welds 
a routine occurence. 

The total arc time on these 
ten welds (2" x 0.218" wall) was 
just 80 minutes with a total cycle 
time of under 120 minutes. 

Mechanized pipe welding is 
the competitive edge that will 
allow you to achieve higher 
productivity and higher quality 
with reduced labor input. 

Whatever your business, 
Magnatech has a system for 
your specific application: 
1, Light wall process piping 
2. Boiler/heat exchanger tube 

welds 
3. Heavy wall pressure piping 
4. Oil/gas pipe lines 
5. Circumferential/linear welds 

on vessels 
6. Pharmaceutical/food 

processing sanitary piping 
7. Overlay cladding 
8. GTAW/GMAW/FCAW processes 
9. Butt/socket/fillet welding 
10. Rent-Lease-Purchase options 

M A G N A T E C H  ff you weld pipe, tube or anything r o u n d . . ,  think MAGNATECH. 
Pipe welding for the next millennium. 

M A G N A T E C H  L I M I T E D  P A R T N E R S H I P  P.O. Box 260, 6 Kripes Road • East Granby, CT USA 06026 
Tel: 860 653-2573 • Fax: 860 653-0486 • Web Site: www.magnatech-lp.com • E-Mail: magnatech.dsd@snet.net 
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It's too late 
ing Quality Assurancel 
 nt" to "Smart Pros Get It Right 
' 1! tme. 
ugh this is a new AWS Super Seminar with its singular topic and multiple experts. 
ven though attendees will get lectures, lunches, breaks, handouts, take-home references, and flee 
Io the AWS Expo in Chicago. 
er mind that this seminar is scheduled in the best possible slot (Tuesday, April 25 and 
tesday, April 26 during show week leaving plenty of time to visit the Expo, attend free lectures, 
a general, hobnob with the who's who of welding). 
that AWS Members get a 25% discount off the registration fee. 

ignore that it sounds dainty and get registered. 

register by mail, use the 
.=gistration Form in this issue 
f Welding Journal or go online 
m.org and use the secured server. 

~ A__merican Wding _Society 
550 N.W. LeJeune Rd. • Miami, FL 33126 
Visit our website http:/Avww.aws.org 

check out ttlese continuing 
education events in this issue 
• Arc Welding Sources: How to extract 

optimum performance from your 
equipment investment 
Tuesday, April 25 

• Process in Standardization of AC and DC 
Resistance Welding Current 
Measurements and Instrumentation 
Tuesday, April 25 

• How to Ensure the Weldability of 
Stainless Steels: The Basics and 
Avoiding Defects 
Tuesday, April 26 and Wednesday, April 26 

• Visual Inspection of Pressure Vessels and 
Pressure Piping 
Tuesday, April 25 

• Corrosion of Welds: Causes and Cures 
Wednesday, April 26 

• Design and Planning for Cost 
Effective Welding 
Wednesday, April 26 and Thursday, April 27 

• Road Map to the DI.1 Code 
Thursday, April 27 

• What Professionals New to Welding Need 
to Know about Its Weldability 
Thursday, April 28 

• The Why and How of Welding 
Procedure Specifications: The right 
way to document your welding controls 
to save time, money, and maybe, your 
credibility 
Thursday, April 28 

• Visual Inspection Workshop 
Friday, April 28 

~ American___We/ding Society 
550 N.W. LeJeune Rd. • Miami, FL 33126 
Visit our website http://www.aws.org 



ing its extensive line of gas 
welding, cutting and brazing 
equipment, plus a large variety 
of welding alloys and acces- 
sories. High-impact point-of- 
purchase displays and new 
products like the "Scorcher" 
weed and ice burning torch kits 
will also be shown. 

Utah State University 
(Welding Engineering 
Technology) 1984 
ITE Dept. UMC 6000 
Logan, UT 84322-6000 
(435) 7970748; FAX (435) 7970354 
www.engineerlng.usu.ed u/ite/unde 

Uvex Safety 1673 
10 Thurber Blvd. 
Smithfield, RI 02917-1896 
(81111) 34.3-3411; FAX (401) 232-1830 
www.uvex.com 

Vacuum Atmospheres 
Co. 2424 
4652 W. Rosecrans Ave. 
Hawthorne, CA 90250 
(310) 644-0255; FAX (310) 970-0980 

Vacuum Atmospheres is a 
world leader in the design and 
manufacture of inert atmo- 
sphere glovebox systems for 
use in welding research and 
production. Companies such as 
Boeing, NASA, Hughes and 
more have sought the com- 
pany's expertise in providing 
system solutions. With experi- 
ence in virtually all types of 
welding, the firm will work with 
customers to modify a standard 
glovebox or provide a custom 
glovebox system to meet or ex- 
ceed customer specifications. 

Vantage 1571 
200 S. 4th St., Albion, IL 62806 
(618) 445-5413; FAX (618) 445-5495 
www.champlabs.com 

Vernon Tool Co. 670 
503 Jones Rd., Oceenside, CA 92054 
(760) 433-5860; FAX (760) 757-2233 
www.vernontool.com 

Victor Equipment 
a Thermadyne Co. 

. . . .  1416/1228 
2800 Alq)ort Rd. 

' TX 76207 
2000; FAX (940) 38'1.1222 

ctorequlp.com 

Viking Corp. 2030 
3810 N. Toben, Wichita, KS 67226 
(800) 835-1096; FAX (316) 634-6658 
www.vikingcorporation.com 

Viking will show its model GC- 
111 cylinder blaster used for 
stripping paint from exterior of 
welding, medical, acetylene, 
propane and other cylinders 
used in industry. The standard 
unit with a dust collector will re- 
move paint, rust or other con- 
taminants in controlled cycle 
times of 3-5 minutes each. It 

then stores the paint and rust in 
a safe container. A single oper- 
ator can load, unload and clean 
up to 120 cylinders each shift. 

VTI (USA), Inc. 2070 
22 Dobbs Ter. 
Scarsdale, NY 10583 
(914) 725-6744; FAX (914) 725-4008 
www.vtl.de 

W. A. Whitney Co. 2233 
650 Race St. 
Rockford, IL 61101 
(815) 964-6771; FAX (815) 964-3175 
www.wawhitney.com 

Wachs Co., E.H. 1039 
100 Shepard St. 
Wheeling, IL 60090 
(847) 537-8800; FAX (847) 526-1168 
www.wachsco.com 

Walhonde Tools 
Inc. 2320 
1299 Childrees Rd. 
S. Charleston, WV 25309 
(304) 756-3796; FAX (304) 756-3834 
www.walhonde.com 

J. Walter will feature a complete 
range of line finishing abrasives, 
along with surface conditioning 
and polishing products, in cont- 
nuous live demonstrations. The 
new Enduro-Flex Flap discs and 
Flexcut flexible grinding wheels 
will be displayed. Also shown in 
live continuous demonstrations 
will be a new stainless steel 
weld cleaning system, Surfox, 
along with many other new 
chemical tools for surface 
cleaning and protection, metal 
cutting, lubrication and welding. 

Washington Alloy Co. 861 
P.O. Box 73909 
Puyallup, WA 98375 
(800) 558-5825; FAX (253) 841-0411 
www.weldlngwire.com 

Washington Alloy will display 
various aerospace alloys such 
as titanium, tungsten, magne- 
sium and nickel alloy wires and 
electrodes. Also to be shown 
are production alloys such as 
stainless steel in flux-cored and 
covered electrodes and bare 
wire forms; aluminum in flux- 
cored rods, covered electrodes 
and bare GMAW and GTAW 
wires; and copper-based alloys, 
such as silicon bronze, alu- 
minum bronze (3 types) and de- 
oxidized copper, all available in 
both covered electrode and 
bare wire form. Be sure to stop 
by and pick up your free AMS 
and conversion guide, as well 
as the new Pail-Pack Drum 
brochure. 

Watson Coatings, 
Inc. 2057 
P.O. Box 35067 
St Louis, MO 63135 
(314) 521-2000; FAX (314) 521-6582 
www.watsoncoatings.com 

Weartech Intl., Inc. 643 
13032 Park St. 
Santa Fe Springs, CA 90670 
(562) 698-7847; FAX (562) 945-5664 
www.weartech.net 

Weartech will display it's com- 
plete line of cobalt- and nickel- 
based hardfacing rods and elec- 
trodes. Featured will be bare 
rods and electrodes of different 
alloys in diameters from 3/32 to 
3/8 in. and cobalt-based GMAW 
wires and PTA powders. Cen- 
trifugal, static and investment 
cast wear-resistant alloy parts 
will also be exhibited. Brochures 
explaining all product lines will 
be available, including the new 
Autotig 2000 pamphlet. 

Weiler Corp. 501 
One Wildwood Dr. 
Cresco, PA 18326 
(570) 595-7495; FAX (570) 595-2002 
www.weilercorp.com 

For aggressive weld cleaning, 
check out Weiler's Roughneck 
wire brushes. Grind and finish 
with abrasive flap discs. Choose 
from Tiger Discs for high-pro- 
duction environments; Vortec 
for high cut rates at a value 
price; specialty flap discs like 
Big Cats for irregular surfaces; 
BobCats for right-angle air 
tools; or special discs for grind- 
ing stainless. For superior grind- 
ing on aluminum, ask about our 
AI-tra Cut discs. 

Weld Engineering Co., 
Inc. 1835 
34 Fruit St. 
Shrewsbury, MA 01545 
(508) 842-2224; FAX (508) 842-3893 

Weld Engineering will display 
its complete line of medium- and 
heavy-duty submerged arc flux 
handling systems. Included are 
air- and electric-powered auto- 
matic, portable and tractor units. 
Also see company's advanced 
pressure feed and recovery sys- 
tems. On display will be flux re- 
bake and holding ovens. Live 
demonstrations of flux recovery 
will be taking place continu- 
ously. 

Weld Mold Co. ~ 

~ W e l d m o l d . o o m  

Weld Mold will feature its tool 
and die, maintenance and re- 
pair, and hardfacing products. 
You will be able to see high-de- 
position die welding processes, 
large-diameter electrode, and 

high-deposition flux-cored wire. 
Company's complete line of 
consumables - -  tool steel, 
cobalts, nickels, stainless, hard- 
facing and more - -  will be well 
represented by a knowledge- 
able sales staff who will be 
happy to assist you. 

Weld-Motion Inc. 118 
N2121 Greenville Dr. 
HortonviUe, Wl 54944 
(920) 779-0700; FAX (920) 7790710 

Weld Systems Intl., 
Inc. 1835 
506 Bullis Rd., W. Seneca, NY 14224 
(716) 834-9662; FAX (416) 674-7139 

Weld-Aid P ~ I I I ~ ~  
m 9 8 3 - 6 9 7 7 ;  FAX (313) 
~ l d ,  com ...... 

Weldas Co. 648 
128 Seaboard Lane 
Franklin, TN 37067 
(615) 377-4722; FAX (615) 377-3635 
www.nashvllle.net/,,,weldas 

Weldcoa (Welding Co. of 
America) 1132 
120 N. Railroad Ave. 
Northlake, IL 60164 
(708) 531-1200; FAX (708) 531-1222 
www.weldcoa.com 

Weldcraft, a Div. of 
DovaTech, Ltd. 1428 
119 E. Graham Place 
Burbank, CA 91502 
(818) 846-8181 ; FAX (818) 845-1542 

Weldcraft, a div. of DovaTech, 
Ltd., enjoys a premier position 
as a manufacturer of gas tung- 
sten arc (GTAW, or "TIG") 
torches. Offering a full-line of 
torches and related acces- 
sories, the company recently in- 
troduced the Crafter Series 
products, which represent a 
significant innovation in GTA 
welding torches. The products 
are available nationwide from 
any welding distributor. 

Welders Mall.com 772 
P.O. Box 9815 
No. St. Paul, MN 55109 
(651) 260-5473; FAX: (718) 534-4082 
www.weldersmall.com 

Welding Design & 
Fabrication 522 
1100 Superior Ave. 
Cleveland, OH 44114 
(216) 696-7000; FAX (216) 931-9524 

Welding Design & Fabrication 
reaches designers, engineers, 
managers and supervisors who 
specify and purchase welding 
equipment in plants and field 
sites in the U.S. and Canada 
that conduct welding and fabri- 
cating operations. It reports on 
processes and equipment, ma- 
terials, safety, testing, and in- 
spection in the manufacturing 
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of fabricated-metal products, 
structural projects and equip- 
ment maintenance. 

Welding Journal and 
Inspection Trends 0007 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(305) 443-9353; FAX (305) 443-7404 
www.sws.org 

Welding Journal is AWS' official 
monthly magazine, specifically 
serving the welding and joining 
processes industry. It includes 
practical articles, welding prod- 
uct news, industry develop- 
ments, AWS news, research 
papers, advertisements, and 
much more. Winner of nine ed- 
itorial awards in 1999, including 
Best-Written Magazine and 
Best In-Depth Reporting. Also 
featured will be The American 
Welder, the Welding Journals 
new stand-alone supplement 
written specially for the hands- 
on welder. Inspection Trends- 
the Magazine for Materials In- 
spection and Testing Personnel 
will be displayed, as well. 
Launched in 1998, this new 
AWS magazine serves the en- 
tire nondestructive examination 
industry, including all AWS Cer- 
tified Welding Inspectors. Pick 
up copies of all three magazines 

and meet editorial and advertis- 
ing staff members. 

Weld l ine Automat ion ,  
inc. 817 
1201 N. Lsa Brlsas 
Anaheim, CA 92806 
(714) 237-7730; FAX (714) 237-7734 
www.wsldllne.com 

Weldline Automation will fea- 
ture its machinery and acces- 
sories for automated welding 
and cutting. This includes a sys- 
tem for plasma cutting tube and 
pipe in almost any shape. This 
system will make end cuts and 
hole cuts for any joint design, 
including T joints, slant joints, 
miter joints, rectangular holes 
and straight cuts. Company will 
also exhibit a line of tube-to- 
tubesheet welders, seamers, 
lathes, side beams, do-it-your- 
self automation components, 
and systems for welding pallet 
racks and tanks 

Weldmark 2253 
6321 E. 30th St. 
P. O. Box 19907 
Indianapolis, IN 46219-1907 
(317) 562-1483; FAX (317) 562-1484 
www.weldmark.com 

Weldmat ic  Inc. 1864 
P.O. Box 1322 
Columbus, NE 68602 
(402) 564-1808; FAX (402) 564-1825 

Weldreel  Inc. 2130 
257 Louis Hurley Rd. 
El Dorado, AR 71730 
(870) 863-5785; FAX (870) 863-3921 

Weldr i te Welding 
Products, Inc. 520 
21-00 Rosalie St. 
Falrlswn, NJ 07410 
(201) 475-8800; FAX (201) 475-0575 
www.weldrite.com 

Weldsale C ~ ! ~  

I 7 3 ~ . 7 4 7 4 ;  FAX (216) 426-1260 
~ l ~ m d d u l e . c o m  

Weldsale will exhibit its unique 
platens, stands and flex tooling. 

Weldship Corp. 428 
225 W. 2nd St. 
Bethlehem, PA 18015 
(610) 861-7330; FAX (610) 861-5175 
www.weldship.com 

Weldship will feature gas tube 
trailers, ASME-coded pressure 
vessel assemblies, and gas and 
liquid ISO-containers for the 
storage and transport of com- 
pressed, specialty and chemi- 
cal gases. Hydrostatic, acous- 
tic emission, and nondestruc- 
tive testing services are pro- 
vided for customer and com- 
pany owned equipment. Liquid 
CO 2 and LPG/propane trans- 
port equipment manufactured 

by the recently acquired Texas 
Trailer Corp. will also be fea- 
tured. 

Weldtec 
P.O. Box 1870 
San Msrcos, CA 92079 
(760) 747-3700 

1852 

Weldwire Co., Inc. 2218 
P.O. Box 60340 
King of Prussia, PA 19406 
(800) 523-1266; FAX: (610) 265-7806 

WEMCO 0010 
550 N.W. LeJaune Rd. 
Miami, FL 33126 
(305) 443-9353; FAX (305) 443-7559 

Wentgate Dynaweld,  
Inc. 2264 
630 Silver St., Unit 6/7 
P.O. Box 867 
Agawsm, MA 01001 
(413) 789-4600; FAX (413) 786-0508 

Wentgate Dynaweld will 
demonstrate its more than 30 
years of experience in electron 
beam welding systems. The 
systems can be configured with 
either a 150 or 60 kV electron 
gun and power supply sizes 
ranging from 1 to 30 kW. The 
exhibition stand will feature a 
model CW604 18-in. cube elec- 
tron beam welding unit. This 
system utilizes a 60kV electron 
gun and 4kW power supply, ca- 
pable of 1/2 in. penetration into 
solid stainless steel at 30 ipm. 

:1B71-2160; FAX 14401 835-8"283 

Western will highlight its 40-plus 
years ofsupplying products for 
the control, storage and trans- 
mission of high-pressure gases 
to the industrial, medical and 
specially gas markets. The 
company offers a complete line 
of industrial regulators and fit- 
tings; new portable oxyacety- 
lene systems; Innovator gas 
manifold systems; medical reg- 
ulators, fittings and portable 
oxygen systems; and West- 
winds helium products. 

Wheelabrator-BCP 1217 
1606 ExeCutive Dr. 
1.11 Grange, GA 30240 
(706) 884-6884; FAX (706) 884-9940 
www.surfacepreparaUon.com 

White Engineering 
Surfaces Corp. 2142 
123 Friends Lane 
P.O. Box 880 
Nswtown, PA 18940 
(215) 968-5021; FAX (215) 965-2860 

Whitestone Corp. 2131 
1661 James Wharf Rd. 
White Stone, VA 22578 
(804) 435-6725; FAX (804) 435-2428 
www.whltsatonedlrect.com 
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' A L U E  A D D E  .~ Process Welding 
. . . . .  Systems Offers These 

Quality Products- TECHNICAL SUPPORT 
AND WELD TRAINING PlasmaondrlG 
E X P E R I E N C E D W E L D Power Supplies, Lathes, 
D E V E L 0 P M E N T S T A F F Weld programmers, 
DESIGN SERVICES FOR Torches-Plasma 
CUSTOM WELDING SYSTEMS and Custom Design, 

" ............................................ and Turnkey 
COMPREHENSIVE INVENTORY ~ Welding 
OF CONSUM A B L E  S ~ systems. 

= _DnO@$$ WELDINGSYSTEMS, INC. 
601 Swan Drive - Smyrna, TN 37167 • Phone: 615-220-0270 
Fax: 615-220-1350 • E-mail: proweldl@gte.net • www.pwsweld.com 

Circle No. 115 on Reader Info-Card 

Call Today for  Free 
• Annlication Assistance 

~ J -- and Catalog. 

5' x 8' Weldsale Platen 
v on Steel Stand 

Weldsale Company 
2151 Dreer Street; Philadelphia, PA 19125 

( 2 1 5 )  7 3 9 - 7 4 7 4  • F a x  ( 2 1 5 )  4 2 6 - 1 2 6 0  
e-maih sa les@weldsa le .com 

Visit our Web Site w w w . w e l d s a l e . c o m  

Circle No. 146 on Reader Info-Card 

SEE US AT AWS SHOW BOOTH 901 

Williams Advanced 
Mater ials 2416 
2978 Main St. 
Buffalo, NY 14214 
(716) 837-1000; FAX (716) 833-2926 
www.williams-adv.com 

Wilson 
Inc. 
I:~ Exp~r¢. __ 

~lJllll~m, CA 917~ 
~lp4ee- .~ ;  FAX (g09) 
~.~. iw! lsonlnd.eom 

Wilson Industries will display 
the latest offerings in the line of 
flexible safety partitions and in- 
dustrial curtain products it has 
been manufacturing since 
1957. The company will display 
free-standing and custom cur- 
tain applications featuring Tri- 
Fold, Glide-N-Fold, and Accor- 
dion Fold technologies and 
Stainless Steel Metal Mesh. 
Welding blanket fabrics will also 
be on display. Visit with design 
specialists to determine solu- 
tions for your welding, metal 
forming, personnel safety, laser 
beam protection, noise attenu- 
ation, heat stress control, and 
work area separation applica- 
tions. 

Wil ton Tool Group 1036 
300 S. Hicks Rd. 
Palatine, IL 60067 
(847) 934-6000; FAX (847) 934-6730 
www.wlltoncorp.com 

Windy Ba l loon  Co. 224 
4455 Torrance Blvd. #803 
Torrance, CA 90503 
(500) 921-2112; FAX: (310) 763-3035 
www.windyballoon.com 

Wing Enterpr ises, 
Inc. 637 
1325 W. Industrial Circle 
Sprlngvllla, UT 84663 
(501) 489-3684; FAX (801) 489-3685 

Winter Inc. & Co, F.W. 352 
Delaware Ave. & Elm St. 
Camden, NJ 08102 
(609) 963-7490; FAX (609) 963-7463 
www.fwwlntar.com 

WireCrafters Inc. 2314 
6208 Strawberry Lane 
Louisville, KY 40214 
(502) 363-6691; FAX (502) 361-3857 
www.wlrecrafters.com 

WireCrafters will show physical 
barriers for robotic work cells or 
integrated systems made from 
woven wire partitions. This 
modular bolt-up system pro- 
vides protection from auto- 
mated machinery. Standard 
size wire mesh panels made in 
a variety of meshes provide a 
versatile yet cost-effective bar- 
rier for your operation. The stan- 
dard size panels bolt to 2-in. 
square steel posts that are di- 
rectly anchored to the floor. 
Modular parts allow the system 
to reach any height required. 

Wis-Con Total Power 873 
3409 Democrat Rd. 
Memphis, TN 38141 
(901) 365-3600; FAX (901) 369-4050 
www.totalpower.com 

Wiscons in  Wire Works 
Inc. 2109 
$81 W18878 Apollo Dr. 
Muskcgo, Wl 53150 
(414) 679-8218; FAX (414) 679-8219 
www.wisconsinwlreworks.com 

WNI 1612 
1560 12th St. E. 
Palmetto, FL 34221 
(800) 964-9645; FAX (941) 729-4518 

World Machinery & Saw 
Systems Co. 2110 
11139 Garvey Ave. 
El Monte, CA 91733 
(626) 454-1026; FAX (626) 454-1027 

Company will show an exten- 
sive selection of circular cold 
saws, from manual to fully au- 
tomatic models. Firm also pro- 
vides complete saw blade ser- 
vices - from resharpening dull 
blades top tetoothing broken 
blades. 

Wor th ing ton  Cy l inder  
Corp, 2352 
P. O. Box 391 
1085 Dearborn Dr. 
Columbus, OH 43085-1542 
(614)438-3013; FAX (614) 438-3083 
www.worthingtoncyllnders.com 

XELUX/L.B.L. Inc. 561 
2113 Oxford Rd. 
Des Plalnes, IL 60018 
(847) 297-7929; FAX: (847) 297-4112 
www.xflux.com 

Yeeda International 
Co. 662 
1100 S.W. Wanamakar Rd., Ste. 18 
Topeka, KS 66604 
(785) 228-1712; FAX (785) 228-0143 

York Sales Co. 2042 
3935 Grove Ave. 
Gurnee, IL 60031 
(847) 662-5206; FAX (847) 662-5290 

Young Do Ind. Co., 
Ltd. 102 
8310 S.W. 27th Ter. 
Miaml, FL 60031 
(305) 222-4955; FAX (305) 222-8455 
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Navy Joining Center 

Operated by 

PAWS Production Implementation 
Benefits Navy Submarine Construction 

G 
eneral Dynamics, Electric Boat Corp., has purchased a 
Programmable Automated Welding System (PAWS) for 
its production facility in Quonset Point, R.I. This robot 

welding system includes a large servo-controlled gantry 
equipped with two eight-axis welding robots and the EasyPlan 
off-line programming software. 

PAWS, originally a Navy Advanced Technology Demon- 
stration Project, was fully developed and demonstrated for 
shipyard use during the Navy Joining Center MANTECH (Man- 
ufacturing Technology) project in partnership with MARITECH 
(Marine Technology). 

PAWS is designed to overcome the nonrepetitive, small- 
batch production and large dimensional variability problems 
that have limited the use of robotic welding for construction 
of Navy ships. 

Electric Boat selected PAWS after evaluating the perfor- 
mance, reliability and benefits of the pilot production system 
as part of the NJC project. This evaluation convinced Electric 
Boat PAWS was a production tool that supports the company's 
integrated, automated design and construction approach to Navy submarine construction. 

This production implementation of PAWS provides Electric Boat with a robotic welding facility that will increase the fabrica- 
tion efficiency and productivity for large submarine structures. This change in the manufacturing process benefits the Navy 
through realized cost savings. 

PAWS and EasyPlan are available to Navy shipyards and other users from MAST Automation, Inc., and PHT, Inc. For more 
information on the PAWS project, contact Harvey Castner at (614) 688-5063. 

Teaching Factory Announces Upcoming Workshops 
The Navy Joining Center Teaching Factory is sponsoring a Titanium Welding 

Technology workshop and a GTAW Flux workshop. 
The Titanium Welding Technology workshop targets the needs of titanium fabri- 

cators. Topics will focus on welding procedures and practices for commercially pure 
titanium. Presentations will include the results of NJC development in support of 
Navy applications. However, subjects to be covered will be useful to non-Navy fab- 
ricators and to those fabricating other titanium alloys. The workshop will include 
demonstrations of titanium welding and NDE technology. 

The GTAW Flux workshop will review new developments in the area of flux- 
assisted gas tungsten arc welding. The advantages and limitations of using GTAW 
flux will be presented. Industrial and shipyard experience will be reviewed. Hands- 
on laboratory demonstrations will follow the technical presentations. Participants 
are encouraged to share their material/application needs. Participants interested in 
evaluating the GTAW flux for their parts/applications should contact EWl staff two 
to three weeks before the seminar. 

Titanium Welding Technology 
Date: May 23-24 
Location: EWI, Columbus, Ohio 
Leads: Dennis Harwig & John Talkington 

GTAW Flux 
Date: May 9 
Location: EWl, Columbus, Ohio 
Lead: Matt Johnson 

For more information or to register, please contact Connie Kotula at the NJC at 
(614) 688-5156, or e-maih connie_kotula@ewi.org. 

NJC to Exhibit at AWS 
Visit the NJC at Booth #1456 at 

the AWS Show in Chicago, A p r i l  
2 6-2 8. 

The NJC will demonstrate t h e  
Knowledge-Based Inspection Sys~ 
tern (KBIS), a computer-assisted~ 
knowledge-based ultrasonic test sys~ 
tem to improve weld inspection. The 
system improves the ability to ana, 
lyze relevant ultrasonic data for 
welds. 

For more information on the A W S  

r - I_ lc  
Operated by 

EIJl/i 

The Navy Joining Center 
1250 Arthur E. Adams Dr. 
Columbus, OH 43221 
Phone: (614) 688-5010 
FAX: (614) 688-5001 
e-mail: NJC@ewi.org 
www: http://www.ewi.org 
Contact: Harvey Castner 
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rom Butt Welds to Spot Welds. 
we've got the nondestructive solution 

to save you time & money! Stop by 
!~ BOOTH 2001  at the AWS Show to s e e  why! 

ramer 
i s o n ,  i n c .  

50 Industrial Park Road 
Lewistown, PA 1 7 0 4 4  
(717 )  2 4 2 - 0 3 2 7  FAX: 7 1 7 - 2 4 2 - 2 6 0 6  
Email: infolink@krautkramer.com 

Circle No. 84 on Reader Info-Card 



Advanced Alloy Products 
C O L M O N O  Y® Alloys 
Since 1938, Colmonoy wear-resistant surfacing alloys 
have been  extending the service life of  machine 
components .  Our  nickel-based alloys will lower 
your repair and replacement costs and increase your 
productivity. We customize our allovs to meet your 
application needs. 
Colmonoy alloys 
are available in 
powder ,  rod 
and wire. 

Colmonoy thermal 
spray sFstems. 

N I C R O B R A Z  ® Filler Metals 
These are the original 
and best known nickel- 
based brazing filler metals. 
A variety of composit ions 
are available to meet  
industry specifications, 
including AMS, AWS, and 
G.E. Our Nicrobraz prcxtucts 
are avai lable  in powder ,  
paste,  rod and tape.  

Nicrohraz products from automotive to aerospace. 

For infi~rmation on Cohnonoy or Nicrobraz, circle the reader card nmnber or call 248-585-6400 

Circle No. 141 on Reader  Info-Card 



Braz ing  Q & A 

Q: We are brazing 304 stainless steel 
in a continuous furnace, using a ni- 
trogen/hydrogen atmosphere. Nor- 
mally 11,000 ft3/h nitrogen and 700 
ft3/h hydrogen are used as the fur- 
nace atmosphere. We have tried 
dropping just the hydrogen, but this 
affects the quality of the copper 
brazed parts. We attempted to braze 
stainless steel with BNi-5 nickel- 
based filler metal at the lower end of 
the brazing range (2100°F) in our 
standard atmosphere. The results 
were poor, with little or no flow. We 
do not know the dew point of the fur- 
nace atmosphere, as we lack an in- 
strument to measure it. What is the 
lowest flow rate of hydrogen that 
could be used, and what caused this 
problem? Also, why do we have dif- 
ficulty brazing BNi-5 filler metal? 

A:  When brazing any base metal with 
a substantial quantity of chromium as 
an alloying element, it is necessary to 
have a very good dew point in the fur- 
nace at the high-temperature end. 
Since you have no dew-point equip- 
ment, you must rely on the footprints 
you observe on the parts coming out 
of the furnace. The footprints are an 
excellent indicator of the atmosphere 
quality and the brazing quality, which 
are intertwined. 

When copper brazing 304, use a 
number of test coupons of 304 stain- 
less steel to indicate the quality of the 
atmosphere. It is necessary to grind 
down one half of the panel to remove 
about 0.005 in. of the top layer of the 
base metal. The reason is some heats 
of stainless have been hot rolled and 
pickled and, during this process, have 
lost the chromium content of the sur- 
face of the base metal. If a hot rolled 
and pickled piece of stainless steel is 
put in a +80 dew point exothermic at- 
mosphere, it will come out bright and 
shiny, but the cut edges will be oxi- 
dized black. The fact it comes out 
bright and shiny indicates the 
chromium has been depleted from the 
surface and is now brazing to a nickel- 
iron surface on which copper will flow 
very readily in a high-dew-point at- 
mosphere. After removing half the sur- 
face of the test specimen, place some 
copper paste or copper wire across the 
two surfaces. Run the test panel 
through the brazing furnace, then note 
the flow on both surfaces. If the cop- 

per flows and covers much more area 
on the unground surface than on the 
ground surface, it is likely the surface 
is hot rolled and pickled. Since many 
copper-brazed parts are machined, 
they would have no hot rolled and 
pickled surface, so it is necessary to 
run the test on base metal that has no 
hot rolled and pickled surface. With 
a series of panels having chromium at 
the surface, run the test panels through 
from time to time and, in particular, 
any time the parts appear to have a 
drop in quality. At this time, you will 
note there is less flow area on the sur- 
face of the test panels. 

During the day-to-day operation 
of the furnace used for copper braz- 
ing of 304 stainless steel, look at 
machined (or formed) parts to see 
if there is variation in the flow of 
the copper across the parts' surface 
outside of the joint; this wil l  indi- 
cate changes in the dew point in 
the furnace. Make sure the varia- 
tion in f low on the surface results 
from the atmosphere and not be- 
cause the surface is devoid of 
chromium from hot roll ing and 
pickling. 

The percent of hydrogen in the final 
atmosphere varies considerably with 
different furnaces. Generally, the low- 
est amount of hydrogen used with 
stainless steel is 20%. With the use of 
1100 ft3/h nitrogen and 700 ff3/h hy- 
drogen, you are running with 39% hy- 
drogen content. When only the hydro- 
gen content of the atmosphere is low- 
ered, the total atmosphere sweep in 
the furnace is lowered, as is the sweep 
at the front and back doors of the fur- 
nace. This allows more oxygen to re- 
main in the furnace and to diffuse back 
into the front and back door areas. It 
is essential when working with a very 
low dew-point atmosphere to keep the 
front and back curtains well main- 
tained so they function properly. If you 
have a nitrogen curtain in the front, 
the flow rate is important. Usually 
there are ceramic curtains on the back, 
and these must be adjusted and re- 
placed when there is too much wear. 
If a flow rate of 1800 ft3/h is suitable 
for your furnace to give good braze 
parts and you wish to lower the hy- 
drogen content, then it is necessary to 
increase the nitrogen content. 

You indicated you tried brazing 
with BNi-5 at the low end of the tem- 

BY ROBERT L. PEASLEE 

perature range, which would be 
around 2100°F, and had little to no 
success. BNi-5 is much more sensitive 
to the dew point of the atmosphere be- 
cause it is an atomized nickel alloy 
with high chromium and silicon. Ob- 
taining satisfactory results with BNi-5 
will require a lower dew point in the 
hot zone of the furnace. The fact that 
you did not have good results is an in- 
dication the dew point was not low 
enough and the partial pressure of 
oxygen was too high. Copper, on the 
other hand, is insensitive to atmo- 
sphere quality, so it would readily 
flow and wet. The limiting element, 
when copper brazing, is the chromium 
at the surface of the stainless steel. To 
braze BNi-5 filler metals, it is neces- 
sary to be sure the curtains on either 
end of the furnace are working effi- 
ciently. It may also be necessary to in- 
crease the flow of atmosphere to re- 
duce the diffusion of oxygen from the 
front and back and to remove the oxy- 
gen that is outgassed from the parts, 
both from the surface and from within 
the base metal. Since you are brazing 
stainless steel, I assume the furnace 
has a full muffle and it and the muffle 
joints are kept in good repair. 

If you wish to nickel braze stainless 
steel in your furnace at 2050°F, it would 
be best to use BNi-7 or a similar braz- 
ing filler metal, such as NB 51, with 
chromium in the range of 25%. These 
higher-chromium filler metals work 
well with the nitrogen/hydrogen atmo- 
spheres when used with a light press- 
fit, as they are much less sensitive to at- 
mosphere quality than BNi-5. 

If you watch the footprints on the 
parts coming out of the furnace, 
these indicators will tell you when 
there is a change in the furnace at- 
mosphere and resulting braze qual- 
ity. In conjunction with these foot- 
prints, you will want to look at the 
various items of maintenance on 
your furnace. You will soon be able 
to tie the maintenance problem with 
the footprints you see out of the back 
end of the furnace. 

R. L. PEASLEE is Vice President, Wall  
Colmonoy Corp., Madison Heights, Mich. 
This article is based on a column prepared for 
the AW5 Detroi t  Brazing and Soldering 
Division's newsletter. Reader questions may 
be sent to Mr. Peaslee do  Welding Journal, 
550 N.W. LeJeune Rd., Miami, FL 33126. 
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Coming Events 

• International Brazing and Soldering Conference and 
Exhibition. April 2-4, Albuquerque, N.Mex. Sponsored by the 
American Welding Society. Contact: AWS Conferences Dept., 
550 N.W. LeJeune Rd., Miami, FL 33126, (800) 443-9353 ext. 
223 or (305) 443-9353 ext. 223, FAX: (305) 443-1552. 

Tube 2000, International Tube and Pipe Fair. April 3-7, 
DLisseldorf, Germany. Contact: Messe Di.isseldorf North 
America, 150 N. Michigan Ave., Ste. 2920, Chicago, IL 60601, 
(312) 781-5180, FAX: (312) 781-5188. 

Rapid Prototyping & Manufacturing 2000 Conference and 
Exposition. April 11-13, Rosemont Convention Center, 
Rosemont, III. Organized by the Society of Manufacturing 
Engineers. Contact: SME Customer Service: One SME Dr., 
Dearborn, MI 48121, (800) 733-4763 ext. 1600 or (313) 271- 
1500 ext. 1600, FAX: (313) 271-2861. 

Japan International Welding Show 2000. April 12-15, Osaka 
International Trade Fair Grounds, Japan. Sponsored by theJapan 
Welding Engineering Society. Contact: Sanpo Publications, Inc., 
Sanpo Sakuma Bldg., 1-11, Kanda Sakuma-cho, Chiyoda-ku, 
Tokyo 101-0025, Japan, +81 3 3258 6411, FAX: +81 3 3258 
6430. 

• The 2000 AWS International Welding and Fabricating 
Exposition and Annual Convention. April 24-28, McCormick 
Place, Chicago, II1. Sponsored by the American Welding 
Society. Contact: AWS Conventions and Expositions Dept., 550 
N.W. LeJeune Rd., Miami, FL 33126, (800) 443-9353 ext. 256 
or (305) 443-9353 ext. 256, FAX: (305) 442-7451. 

International Thermal Spray Conference and Exposition. May 
8-11, Palais des CongrEs de Montreal, Montreal, Quebec, 
Canada. Sponsored by the ASM Thermal Spray Society, DVS and 
IIW. Contact: Geo E. Fern Co., 1100 Gest St., Cincinnati, OH 
45203, FAX: (513) 621-4439. 

31st International Symposium on Robotics (ISR 2000). May 
14-17, Montreal, Canada. Contact: Canadian Federation for 
Robotics, c/o Golden Planners, Inc., 126 York St., Ste. 301, 
Ottawa, ON K1N 5T5, Canada, (613) 241-9333, FAX: (613) 
565-2173. 

SAMPE 2000 - -  International Symposium/Exhibition. May 
21-25, Long Beach Convention Center, Long Beach, Calif. 
Sponsored by the Society for the Advancement of Material and 
Process Engineering (SAMPE). Contact: SAMPE, 1161 Parkview 
Dr., Covina, CA 91724, (626) 331-0616 ext. 610, FAX: (626) 
332-8929. 

EASTEC 2000 Advanced Productivity Exposition (APEX). May 
23-25, Eastern States Exposition Grounds, West Springfield, 
Mass. Contact: Society of Manufacturing Engineers, One SME 
Dr., Dearborn, MI 48121, (800) 733-4763 ext. 1600 or (313) 
271-1500 ext. 1600, FAX: (313) 271-2861. 

Note: A diamond ( • ) denotes an AWS-sponsored event. 

Lasers for Manufacturing Conference. May 24-26, Arlington 
Heights, I11. Cosponsored by the Laser Institute of America and 
the Society of Manufacturing Engineers. Contact: LIA, 13501 
Ingenuity Dr., Ste. 128, Orlando, FL 32826, (407) 380-1553, 
FAX: (407) 380-5588. 

Offshore Newfoundland Petroleum Show. June 21-22, St. 
John's Memorial Stadium, Newfoundland, Canada. Contact: 
Southex Exhibitions Inc., #605, 999 - 8 St. SW, Calgary, AB, 
Canada T2R IJ5, (403)209-3566 or (888) 799-2545, FAX: (403) 
245-8649. 

EPRI Cooling Tower Conference. August 23-24, Snow King 
Resort, Jackson Hole, Wyo. Contact: Brent Lancaster, CCM, 
Conference Coordinator, (704) 547-6017. 

4th Conference on Aerospace Materials, Processes and 
Environmental Technology. September 18-20, Yon Braun 
Center, Huntsville, Ala. Contact: Dawn Cross, Marshall Space 
Flight Center, (256) 544-1835. 

Materials Solutions 2000. October 9-I 2, Cervantes Convention 
Center, St. Louis, Mo. Contact: ASM International, (440) 338- 
5151. 

• Second International Conference on Education in Welding. 
October 15-17, Denmark. Cosponsored by the Institute for the 
Joining of Materials (JOM Institute) and the American Welding 
Society. Contact: JOM Institute, Klintehoj, Vaenge 21, 3460 
Birker~d, Denmark, +45 45 82 80 95, FAX: +45 45 94 08 55. 

ICOMES 2000 - -  6th International Conference of Mechanical 
Engineering Societies. November 18-22, Shanghai, China. 
Organized by the Chinese Mechanical Engineering Society 
(CMES). Contact: CMES, 46 Sanlihe Rd., Beijing 100823, P. R. 
China, 010 68511753, FAX: 010 68533613. 

Thielsch Engineering Spring 2000 Seminars. April 3-7, Crown 
Plaza Hotel at the Crossings, Warwick, R.I. For more 
information, contact: Thielsch Engineering, 195 Frances Ave., 
Cranston, RI 02910, (401) 467-6454, FAX: (401) 467-2398. 

• How to Weld Titanium. April 25, at the AWS Show, 
McCormick Place, Chicago. Sponsored by AWS and ITA. 
Contact: AWS Conferences, 550 NW LeJeune Rd., Miami, FL 
33126, (800) 443-9353 ext. 223, FAX: (305) 443-1552. 

• Introduction to Thermal Spray: Processes, Coatings & 
Applications. April 25, at the AWS Show, McCormick Place, 
Chicago, III. Sponsored by AWS and TSS. Contact: AWS 
Conferences, 550 NW LeJeune Rd., Miami, FL 33126, (800) 
443-9353 ext. 223, FAX: (305) 443-1552. 

• Automated/Robotic Welding Seminar. April 26, at the AWS 
Show, McCormick Place, Chicago, Ill. Sponsored by AWS and 
SME. Contact: AWS Conferences, 550 NW LeJeune Rd., Miami, 
FL 33126, (800) 443-9353 ext. 223, FAX: (305) 443-1552. 
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• AWS Cleveland Section Regional Conference on Hard- 
facing. May 16-18, Cleveland, Ohio. Sponsored by the AWS 
Cleveland Section and hosted by The Lincoln Electric Co. 
Contact: Jackie Marley, The Lincoln Electric Co., 22801 St. Clair 
Ave., Cleveland, OH 44117, (216) 383-2240. 

Modern Furnace Brazing Course. May 17-19, Troy, Mich. 
Conducted by Wall Co lmonoy Corp. Contact: Mar ianne 
Huesing, Wall Co lmonoy Corp., 30261 Stephenson Hwy., 
Madison Heights, MI 48071, (248) 585-6400 ext. 248, FAX: 
(248) 585-7960. 

Laser Safety Officer Course. June 5-9, St. Louis, Mo. Sponsored 
by the Laser Institute of America. Contact: LIA, 13501 Ingenuity 
Dr., Ste. 128, Orlando, FL 32826, (407) 380-1553, FAX: (407) 
380-5588. 

Industrial Ventilation Courses. June 12-15, Tropicana Hotel, 
Las Vegas, Nev. Conducted by the UAB School of Engineering. 
Contact: UAB School of Engineering, Professional 
Development, 1075 13th St. S., Birmingham, AL 35294, (205) 
934-8994, FAX: (205) 934-8437. 

2000 Motorsports Welding School. June 19-23, August 21-25, 
Cleveland, Ohio. Conducted by The Lincoln Electric Co. For 
information and complete schedule, contact: Lincoln Electric 
Motorsports Welding School, 22801 St. Clair Ave., Cleveland, 
OH 44117, (216) 383-2259, FAX: (216) 383-8025. 

EPRI Nuclear Plant Performance Improvement Seminar (NPPI). 
August 7-8, Swiss6tel Chicago, Chicago, III. Contact: Brent 
Lancaster, CCM Conference Manager, EPRI, 1300 W. T. Harris 
Blvd., Charlotte, NC 28262, (704) 547-6017, FAX: (704) 547- 
6168. 

• D1.1:2000 Structural Welding Code - -  Steel. A five-day 
seminar. Sponsored by AWS. For more information and 
complete schedule, contact: AWS Conferences, 550 NW 
LeJeune Rd., Miami, FL 33126, (800) 443-9353 ext. 223, FAX: 
(305) 443-1552. 

Structural Welding: Design and Specification Seminars. 
Conducted by the Steel Structures Technology Center (SSTC). For 
2000 schedule and locations, contact: SSTC, (248) 344-2910, 
FAX: (248) 344-2911. 

AWS 2000 Schedule m C W I / C W E  Seminars and Exams 

Exam application must be submitted six weeks before exam date. For exam information and application, contact the AWS 
Certification Dept., (800) 443-9353 ext. 273. For seminar information, contact the AWS Education Dept., (800) 443-9353 ext. 
229. To preregister for a seminar, call AWS Customer Service, (800) 334-9353. 

Cities Inspection CWI/CWE Cities Inspection CWI/CWF 
Seminars Exams Seminars Exams 

Anchorage, Alaska Oct. 16-20 (API 1104 Oct. 21 Louisville, Ky. EXAM ONLY June 3 
clinic also offered) Louisville, Ky. July 17-21 July 22 

Atlanta, Ga. Oct. 30 Nov.3 Nov. 4 Miami, Fla. EXAM ONLY May 18 
Baltimore, Md. EXAM ONLY Oct. 7 Miami, Fla. June 26-30 July I 
Baton Rouge, La. May 1-5 May 6 Miami, Fla. EXAM ONLY July 20 

(SCWl also offered) Miami, Fla. EXAM ONLY Aug. 17 
Beaumont, Tex. June 5-9 June 10 Miami, Fla. EXAM ONLY Sept. 21 
(AP1104 clinic/ Miami, Fla. EXAM ONLY Oct. 19 

SCWl also offered) Miami, Fla. Dec. 4-8 Dec. 9 
Beaumont, Tex. Nov. 13 17 Nov. 18 Milwaukee, Wis. Aug. 21-25 Aug. 26 

(API 1104 clinic/ Nashville, Tenn. May 8-12 May 13 
SCWl also offered) (API 1104 clinic 

Birmingham, Ala. EXAM ONLY May 27 also offered) 
Nashville, Tenn. Oct. 30-Nov. 3 Nov. 4 Boston, Mass. Sept. 18-22 

Charlotte, N.C. EXAM ONLY 
Sept. 23 
Sept. 9 
Nov. 18 
Sept. 9 
May 20 
Sept. 30 
June 17 

Chicago, Ill. EXAM ONLY 
Cincinnati, Ohio EXAM ONLY 
Columbus, Ohio May 15-19 
Denver, Colo. Sept. 25-29 
Detroit, Mich. June 12-16 
Fresno, Calif. EXAM ONLY Sept. 2 

New Orleans, La. Sept. 18-22 Sept. 23 
(API 1104 clinic 
also offered) 

Norfolk, Va. Oct. 23-27 Oct. 28 
Philadelphia, Pa. EXAM ONLY Sept. 16 
Pittsburgh, Pa. May 1-5 May 6 
Portland, Ore. Oct. 16-20 Oct. 21 

Hartford, Conn. July 24-28 July 29 
Houston, Tex. Aug. 7-11 Aug. 12 

(AP11104 clinic/ 
SCWl also offered) 

Idaho Falls, Idaho June 12-16 June 17 
Indianapolis, Ind. Aug. 14-18 Aulg. 19 
Kansas City, Mo. Aug. 21-25 Aug. 26 
Knoxville, Tenn. EXAM ONLY Aug. 5 
Las Vegas, Nev. Aug. 14-I 8 Aug. 19 

(AP11104 clinic 
also offered) 

Long Beach, Calif. May 8-12 May 13 
Lon~g Beach, Calif. Nov. 6-10 Nov. 11 
Los Angeles, Calif. EXAM ONLY Oct. 14 

Rochester, N.Y. Nov. 6-10 Nov. 11 
Saint Louis, Mo. May 15-19 May 20 
Saint Louis, Mo. EXAM ONLY Nov. 4 
Salt Lake City, Utah EXAM ONLY Sept. 16 
San Antonio, Tex. Oct. 9-13 Oct. 14 

(AP11104 clinic 
also offered) 

San Diego, Calif. July 10-14 July 15 
San Fernando, Calif. EXAM ONLY June 24 
San Francisco, Calif. Oct. 2-6 Oct. 7 
Savannah, Ga. May 8-12 May 13 
Seattle, Wash. Oct. 2-6 Oct. 7 
Spokane, Wash. May 15-19 May 20 
Tulsa, Okla. Sept. 25-29 

(SCWl also offered) Sept. 30 
York, Pa. July 24-28 July 29 
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introduction to Thermal Spray: 
Processes, Coatings, and Applications 
Tuesday, April 25, 12 noon - 5:00 p.m. 
Excellent pre-Expo preparation if you're looking to buy 
thermal spray equipment. Take part in this program on an 
incredible process from a veteran instructor and recog- 
nized researcher. The course leader will start with plasma 
spray, high velocity oxyfuel spray, detonation gun deposi- 
tion, and advanced wire arc processes. Then, metallic, cer- 
met and ceramic coaUng structures and properties will be 
reviewed, followed by the how-tu's of determining applica- 
tion suitability-- inchding wear, corrosion, thermal 
barrier, electromagnetism, and other important variables. 
$75 (tuition, breaks, handouts and entry to Expo) 

~ ~ T S S  

How to  ~ l d  Titanium 
Tuesday, April 25, 9:00 a.m. - 5:00 p.m. 
This program emphasizes design variables and alloy selec- 
tion and is aimed at the senior technician to the engineer- 
level professional. Titanium metallurgy, heat treatment, 
welding process selection, weld defects, and control will be 
covered. Video footage of titanium welding by an expert 
gives attendees a bird's-eye look at proper technique. 
$240 for AWS Members (tuition, a copy of The Practical 
Reference Guide to Welding Titanium, lunch, breaks, and 
pass to Expo) 

@ir 

Welding in Food Industry Applications 
A one-day conference 
for professionals who are responsible for welding 
that has to serve in hygienic applications. 
Wednesday, April 26, 9:00 a.m. - 5:00 p.m. 
Six experts will cover these topics: 
• Stainless Steels: Properties for Food Industry Use 
• Introducing AWS' D18.1 Specification 
• Basics of Design and Welding of Food Processing 

Equipment 
• Preparation for Welding and Welding Procedures 
• Clean-in-Place Application in Food Processing and 

Pharmaceutical Industries 
• Inspection of Welds for Food Service 
$295 for AWS Members (tuition, copy of Spea'fication 
for Welding of Austenitic Stainless Steel Tube and Piping 
Systems in Sanitary Applications, lunch, breaks, pass to Expo) 

< ~  AmerlcanWelding Society 

in San i t a r y  App l i ca t i ons  

Business Strategies for WeMing 
Wednesday, April 26, 8:30 a.m. - 5:00 p.m. 
This new course is specifically designed for professionals 
who are not proficient in welding, but do have job respon- 
sibifities closely aligned to the welding process. This 
course will expand your knowledge of welding by providing 
information to enhance the emciency of your welding oper- 
ation, assist in the selection and retention of employees, 
and provide your welders with the tools necessary to 
achieve extraordinary results. 
$345 (tuition, handouts, lunch, breaks, and pass to Expo) 

A l ~ l t / o n ,  Int, e r n a d o n a l  

Aluminum Welding 
A two-day Super Seminar 
Thursday April 27, 8:15 a.m - 5:00 p.m. and Friday 
April 28, 8:15 a.m. - 12 noon 
A singular topic/multiple experts seminar designed to 
explain aluminum welding down to the bare metal. 
If you are responsible for designing, engineering, or fabri- 
cating aluminum structures, get two days of insider hints, 
tips, advice, and no-nonsense introduction from a seminar 
that's been brought back again and again by popular 
demand since 1966. 
Day 1 Sessions 
• Fundamentals of Materials, Safety and Health 
• Aluminum Welding Metallurgy 
• Joining Processes 
Day 2 Sessions 
• Design, Quality and Performance 
• New Processes 
16 specific presentations including GMAW, GTAW, brazing, 
soldering, friction stir welding, robotic welding, and high 
energy beam welding of aluminum. 
$450 for AWS Members (tuition, copy of nl.2:1999 
Structural Welding Code--Aluminum, AA's Welding 
Aluminum Theory and Practice and Aluminum 
Standards andData, lunches, breaks, and pass to Expo) 

The Aluminum Association @ 

To register fast, use the secured server on www.aws.org. ~ American Welding Society 
While you're at the AWS website, plan your tour of the 2000 " ~  ~,-~ ~,--LeJe,,,,~ [~,=~----J 

• ' ) Mi:uni. FL .3.~ 1.O 
AWS Expo by using the electronic show floor• You can also use ,,.~**,.. ,,*eb~,e., h,pJ/,,,,, ~,,~ o,~ 
the Registration Form in this issue of Welding Journal• 
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By Susan Campbell @ 
• Chicago Plays Host  to the 2000 AWS Internat ional  
Welding and Fabricating Expos i t i on  and Annual  C o n v e n t i o n  

T 
he 2000 AWS International Welding and Fabricating 
Exposi t ion and the 81st Annual Convent ion  open  
at McCormick Place in down town  Chicago, Ill., on 

April 25 and run through the 28.The business mee t ing  
officially convenes  on Tuesday, April 25, wi th  AWS Presi- 
dent  Robert  Teuscher  presiding.This session is fol lowed 
by the Comfort  A.Adams Lecture, p resen ted  this year by 
Dr.Tarasankar DebRoy. DebRoy, a professor  of  materials 
sc iences  and eng ineer ing  at Pennsylvania State Univer- 
sity, will present  his paper  titled "Computer  Modeling - -  
A Path to Understand the Science of Welding." In addition, 
Tuesday marks the beginning of  approximate ly  25 tech- 
nical sessions. For details on topics, dates and times, look 
through the Professional Program in this issue.The Expo- 
sition opens on Wednesday, April 26, with an extravaganza 
of  welding and fabricating equ ipment .The  Show will be 
hosted by incoming AWS President L.William Myers. 

Visiting Chicago 

Although there are plenty of show-related events and 
activities to keep one busy, Chicago is a city that shouldn't  
be missed.The city of the Big Shoulders offers everything 
from world-class art museums to down-and-dirty blues 
clubs, from gourmet  restaurants to mouth-water ing hot  
dogs and pizza. If it 's archi tecture  that interests you, 
Chicago features buildings in the Chicago School, art deco, 
modern ism and post -modernism styles. You'll also find 
scores of homes by Frank Lloyd Wright, including his own 
home and studio (for tour information, call 708-848-1976). 

Of course, there won ' t  be time to see everything, but 
the following is a sample of what you will find in the city. 
To make the best use of your time there, you may want to 
stop by one of  the Visitor Information Centers .They can 
provide information on Chicago's points of interest, shop- 
ping, dining and sightseeing.They offer maps, brochures  
and guides covering attractions, tours, night life, services 
and more.You can stop by the Information Center located 
in the McCormick Place Complex during show hours or 
one of the other  centers conveniently located at 

• Chicago Cultural Center, 77 E. Randolph St., Mon.-Fri. 
10 a.m.-6 p.m.; Sat. 10 a.m.-5 p.m.; 312-744-2400 

• Chicago Water Works, 163 E. Pearson at Michigan 
Ave., Mon.-Sat. 7:30 a.m.-7 p.m.; Sun. 10 a.m.-6 p.m.; 312- 
5 2 7 - 4 6 6 8 . / L J t ~ ) / ~ a 9 /  Cqv~gd~-t~e~" 

• I ~ ~ ,  ~lavy Pier, 700 E. Grand Ave., 
Sun.-Thurs. 10 a.m.-9 p.m.; Fri.-Sat. 10 a.m.-12 p.m.; 312- 
832-0010. 

B u c k i n g h a m  F o u n t a i n  on  Sou th  Lake  Shore  Dr ive  w a s  pre-  
s e n t e d  to the  c i ty  in  1 9 2 7  by  K a t e  B u c k i n g h a m  in  m e m -  
ory  o f  he r  bro ther  Clarence. 

Cultural Chicago 

The Art  I n s t i t u t e  o f  Ch icago ,  111 S. Michigan Ave., 
312-443-3600, is world famous for its collection of French 
Impressionist and Post-impressionist paintings. Monet, Seu- 
rat, Renoir and Caillebotte are just a few of the artists rep- 
resented. Displayed in the galleries are the art of ancient, 
medieval and Renaissance Europe;Asia; decorative arts (in- 
cluding the Thorne Miniature Rooms); contemporary arts; 
and departments of prints and drawings, architecture and 
photography. 

At the M u s e u m  o f  S c i e n c e  a n d  I n d u s t r y ,  5700 S. 
Lake Shore Dr., 773-684-1414, you will find exhibits such 
as the Coal Mine, a WorldWar II U-505 German submarine 
and a fully res tored Pioneer  Zephyr train.The Omnimax 
Theatre is a big attraction in the Henry Crown Space Cen- 
ter with its five-story domed screen. 

If your interest  is architecture,  a tour of the city is a 
must.A great place to find the tour for you is the Ch icago  
A r c h i t e c t u r e  F o u n d a t i o n ,  312- 922-8687.This nonprofit 
organization offers more than 60 ne ighborhood and sub- 
urban tours, as well  as tours of  the Loop on foot, bus or 
by boat. 

- -  continued on page 211 
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• AWS R e s i s t a n c e  W e l d i n g  S p e c i f i c a t i o n  
N o w  A v a i l a b l e  

I C A T I 0 N S 

The American Welding Society (AWS) has comple ted  
the latest edition of Specification f o r  Resistance Welding 
o f  Carbon and  Low-Alloy Steels (AWSC1.4M/C1.4:1999). 
This ANSI-approved specification provides for a program 
cover ing  the min imum shear-s trength and weld  but ton  
diameter requirements for carbon steel and low-alloy steel 
sheet resistance and project ion welds. Developed by the 
AWS Committee on Resistance Welding and the AWS Task 
Group on Resistance Welding of  Coated and Uncoated  
Carbon and Low-Alloy Steels, this specif icat ion contains 
guidance from the experts in resistance welding. 

Specification f o r  Resistance Welding o f  Carbon and  
Low-Alloy Steels includes  nine sect ions  on a var ie ty  of  
subjects, including welding procedure  requirements,  pre- 
product ion requirements and safety and health concerns.  
The specification also includes six tables and five figures. 

Specification f o r  Resistance Welding o f  Carbon and  
Low-Alloy Steels is 20 pages, measures 8~ x 11 in. and is 
softbound.The list price is $32; $24 for AWS members.  

• AWS R e l e a s e s  ' T h e  P r a c t i c a l  
Welding Engineer' 

Writ ten to present  a "practical" approach to the ap- 
plication of welding theories, the American Welding Soci- 
ety's latest publication, The Practical  Welding Engineer ,  
is designed for anyone wi th  a basic knowledge  of  weld- 
ing and looking for more detailed information and expe- 
r ience.Writ ten byJ. Crawford Lochhead and Ken Rodgers, 
both of Brown and Root McDermott Fabricators, Ltd., The 
Practical Welding Engineer  will make a valuable addition 
to any welding library. 

Going beyond  theore t ica l  explanat ions  of  weld ing  
problems,  The Pract ical  Welding Eng ineer  contains  de- 
tailed chapters  on such diverse subjects as the select ion 
of welding processes  and equipment ,  practical  p roblem 
solving and common  defects and solutions. Recognizing 
its ~practical" focus, the book begins wi th  a chap te r  de- 
scribing the role of the welding engineer  and also advises 

how to estimate and reduce welding costs. It concludes  
wi th  numerous  tables, charts and figures to make weld- 
ing engineering concepts  easier to understand. 

Softbound and 152-pages long, The Pract ica l  Weld- 
ing E n g i n e e r  lists for $48; $36 for AWS members ,  wi th  
discounts available for bulk orders. 

• R e v i s i o n s  o n  T w o  G u i d e s  f o r  Evaluating 
W e l d s  P u b l i s h e d  

The Amer ican  Welding Society has comple t ed  revi- 
sions on two valuable guides for evaluating welds: Guide 
f o r  the N o n d e s t r u c t i v e  E x a m i n a t i o n  o f  Welds (AWS 
B 1.1 O: 1999) and Guide  f o r  Visual  Inspec t ion  o f  Welds 
(AWS B1.11:2000). Each was developed by the AWS Com- 
mittee on Methods of  Inspect ion and is approved by the 
American National Standards Institute (ANSI). 

Guide f o r  the Nondestruct ive  Examina t ion  o f  Welds 
descr ibes  the various NDE methods  commonly  used to 
examine welds .The guide also indicates which  methods  
are best  for de tec t ing  various types of  discontinuties .  It 
includes sections on numerous types of examination,  in- 
cluding visual, penetrant ,  magnet ic ,  radiographic,  ultra- 
sonic, e l ec t romagne t i c  and leak testing. Guide  f o r  the  
N o n d e s t r u c t i v e  E x a m i n a t i o n  o f  Welds is 42 pages and 
lists for $72; $54 for AWS members. 

Guide  f o r  Visual  In spec t ion  o f  Welds contains  de- 
tailed information on the visual examination of welds, in- 
cluding sections on inspect ion prerequisi tes,  fundamen- 
tals, surface condi t ions  and equ ipment .  The guide also 
contains sketches and full-color photographs to illustrate 
commonly  found weld  problems.  Guide  f o r  Visual  In- 
spec t ion  o f  Welds is 36 pages and also lists for $72; $54 
for AWS members.  • 

Copies can be ordered by calling AWS Customer Service 
a t  (800)  334-9353, (305)  334-9353 outside the United 
States, Monday  through Friday, 8 a.m. to 5 p . m .  EST, or  
through  the AWS Web si te  a t  www.aws.org.  A d d i t i o n a l  
i n f o r m a t i o n  on AWS's p r o g r a m s  a n d  pub l i ca t ions  can 
also be f o u n d  on the Web site. • 

• S e c o n d  I n t e r n a t i o n a l  C o n f e r e n c e  o n  E d u c a t i o n  i n  W e l d i n g  

T h e  Institute for the Joining of  Materials (JOM) has announced the Second International Conference on Educa- 
t ion inWelding to be held Oc tober  15-17 in Denmark.The goals of  this confe rence  are to enhance  the transfer of  
welding technologies  through educat ion,  help  mee t  the industrial  need  for qualified pe r sonne l  knowledgeable  in 
codes and standards for fabrication and to present  guidelines for qualification programs and instructor effectiveness. 
It is expec ted  this conference will provide an open forum to explore the various approaches to education and train- 
ing currently in pract ice throughout  the world. In addition, there will be an oppor tuni ty  for the exhibit ing of teach- 
ing aids, standards and software. Contributions in the way of papers, workshops and other  presentations are cordially 
invited. Please submit a short  abstract or br ief  descr ip t ion  direct ly to JOM Institute,  Klintehoj V~enge 21, DK-3460 
Birkerod, Denmark; e-mail jom_aws@post10. te le .dk;or FAX 45 45 94 08 55.0 
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The Windy City 

-- continued from page 209 

Chicago's Most Popular Dest inat ions  

Gran t  Park 's  B u c k i n g h a m  F o u n t a i n  (see  page  209),  
500  S. Lake Shore  Dr., 312-742-7529 ,  is a Beaux-a r t s  mar-  
vel in p i n k  m a r b l e  w i t h  four  b r o n z e  seahorses .  It was  pre-  
s e n t e d  to the  c i ty  in  19~7 as a gift  f r om Kate  B u c k i n g h a m  
in h o n o r  of  h e r  b ro the r ,  C l a r ence .T he  w a t e r  sprays u p  150 
ft, and  in t he  even ings ,  t he  foun t a in  is lit w i t h  780  co lo r ed  
l ights  t ha t  are s y n c h r o n i z e d  to music .  

N a v y  P i e r ,  300  Lake Shore  Drive,  815-459-0680,  ju ts  
o n e  mi le  ou t  in to  Lake Mich igan  o n  t he  t o w n ' s  n e a r  n o r t h  
s ide .  It  o f f e r s  food,  e n t e r t a i n m e n t ,  s h o p p i n g  a n d  a t t rac -  
t ions ,  i nc lud ing  a Ferr is  w h e e l  and  a c a r o u s e l . T h e  v i ew  of  
the  ci ty f rom the  e n d  t he  p i e r  is i n c o m p a r a b l e .  

The  L i n c o l n  P a r k  C o n s e r v a t o r y ,  2400  N. S t o c k t o n  
Dr., 312 -742-7529 ,  i n c l u d e s  l u s h  g r e e n e r y  f r o m  all o v e r  
t h e  w o r l d .  T h e  E a s t e r / s p r i n g  f l o w e r  s h o w  is f an t a s t i c .  
Equally lush  is t h e  G a r f i e l d  P a r k  C o n s e r v a t o r y ,  300  N. 
C e n t r a l  Park  Ave.,  312 -746-5100 .  It m a i n t a i n s  t h e  l a rges t  
p u b l i c  h o r t i c u l t u r a l  c o l l e c t i o n  u n d e r  glass  in  t h e  wor ld .  
Like L inco ln  Park, i m p r e s s i v e  f l o w e r  a n d  g r e e n e r y  s h o w s  
c h a n g e  w i t h  the  seasons .  

S h e d d  A q u a r i u m ,  1200  S. Lake S h o r e  Dr., 312-939-  
2438,  is o n e  of  the  la rges t  i n d o o r  a q u a r i u m s  in t he  wor ld .  
T h e  C a r i b b e a n  Cora l  Reef  e x h i b i t  a n d  t h e  Pacif ic  N o r t h -  
w e s t  m a r i n e  e n v i r o n m e n t  are m u s t - s e e s  for  l ove r s  of  sea  
life. 

For  a dazz l i ng  v i e w  of  t h e  C h i c a g o  sky l ine ,  t ry  t h e  
Hancock O b s e r v a t o r y ,  888 -875-8439 ,  875  N. M i c h i g a n  
Ave.,  w h e r e  an  e l e v a t o r  w h i s k s  you  94 s t o r i e s  in  39 sec- 
o n d s . A  skywalk  w i t h  s c r e e n s  a l l o w  you  to feel  t h e  w i n d  
for  w h i c h  C h i c a g o  is f a m o u s . T h e  S e a r s  T o w e r ,  233  S. 
Wacke r  Dr., 312-875-9696,  a l t h o u g h  n o  l o n g e r  t he  wor ld ' s  
t a l l e s t  b u i l d i n g ,  o f f e r s  a h a r d - t o - b e a t  v i e w  f r o m  i ts  Sky 

Deck .  Vis ib i l i ty  is be-  
t w e e n  40 and  50 mi les  
o n  a c l e a r  day. A f r ee  
e igh t -minu te  film, Over 
Chicago, is s h o w n  in 
t h e  O v e r  C h i c a g o  Cin- 
ema  o n  t he  l o w e r  level  
of  t he  deck .  

C h i c a g o  is a vir- 
tua l  p a r a d i s e  for  shop-  
p e r s .  Be su re  to  s t ro l l  
t h e  M a g n i f i c e n t  Mile.  
o t h e r w i s e  k n o w n  as N. 
M i c h i g a n  Ave.,  w h e r e  
t h e  M a r s h a l l  F ie ld ' s  
f l agsh ip  s tore  awaits.  

Chicago's breatlMaking skyline. 
Dining 

With count less  res taurants  and  cuis ines  to choose  from, 
o n e  w o u l d  b e  h a r d - p r e s s e d  to c h o o s e  t h e  m o s t  p o p u l a r .  
Luckily, t h e  folks  at  Zaga t  S u r v e y  ha s  d o n e  it fo r  us .Ac-  
c o r d i n g  to t he  Zagat ' s  la tes t  survey,  the  five m o s t  p o p u l a r  
r e s t a u r a n t s  are,  C h a r l i e  T r o t t e r ' s ,  816  W. A r m i t a g e  Ave., 
773-248-6228;  Le F r a n c a i s ,  269 N. Mi lwaukee  Ave. ,Wheel-  
ing,  847 -541 -7470 ;  A m b r i a ,  2300  N. L i n c o l n  Park  West ,  
773-472-5959;  E v e r e s t ,  O n e  Financia l  Plaza, 440  S. LaSalle 
St., 4 0 t h  FI., 312 -663 -8920 ;  a n d  F r o n t e r a  G r i l l ,  445 N. 
Clark St., 312-661-1434.  

For  a q u i c k  b i t e  o f  a u t h e n t i c  C h i c a g o  fare ,  t r y  a 
Ch icago  Dog f rom G o l d  Coast Dogs, 418 N. State St., 312- 
5 2 7 - 1 2 2 2 . T h e y  are s e r v e d  t o p p e d  w i t h  mus ta rd ,  c h o p p e d  
o n i o n ,  t o m a t o e s ,  c u c u m b e r s ,  r e l i sh ,  a p i c k l e  spear ,  p e p -  
p e r s  and  ce l e ry  salt. Also b e  sure  to  t ry  Ch icago ' s  f amous  
d e e p - d i s h  p i z z a . Y o u  c a n  ge t  it w h e r e  it w a s  f i r s t  m a d e ,  
P i z z e r i a  U n o ,  29 E. Oh io  St., 312-943-2400.  

Remember ,  Chicago  is a ci ty m e a n t  to  be  s een  o n  foot,  
so d o n ' t  fo rge t  to  b r i n g  a pa i r  of  g o o d  w a l k i n g  s h o e s  a n d  
your  jacket.  After  all, it is t he  Windy  City. • 

• S W E E T  H O M E  C H I C A G O  - A G u i d e  t o  L o c a l  B l u e s  C l u b s  

No visi t  to  Ch icago  w o u l d  b e  c o m p l e t e  w i t h o u t  a s t op  in o n e  of  t he  m a n y  b lues  c lubs  t h a t  t h r i v e  in th i s  h i s t o r i c  
" H o m e  of  t h e  B l u e s . " W h e t h e r  y o u r  p r e f e r e n c e  is r o c k i n '  b lues ,  d o w n  h o m e  b lues ,  or  c lass ic  C h i c a g o  e l e c t r i c  b lues ,  
you ' l l  f ind  p l e n t y  of  e n t e r t a i n m e n t  at t he  m a n y  v is i tor - f r iendly  c lubs  in t he  Loop area and  in t he  n e i g h b o r h o o d s  to t he  
no r th .  

Centra l ly  loca ted  on  the  s o u t h  edge  of  d o w n t o w n  Chicago,  B u d d y  G u y ' s  L e g e n d s  c lub  (754 S .Wabash)  is c lose to  
all ma jo r  ho te l s  and  is w i t h i n  walk ing  d i s t ance  f rom mos t  ma jo r  a t t rac t ions ,  such  as Gran t  Park, the  Chicago Art  Ins t i tu te  
and  t he  lakefront .  O p e n  unt i l  2:00 a.m. eve ry  n ight ,  t he  c lub  serves  u p  t e m p t i n g  Cajun cu is ine  and  del ivers  the  real  deal  
in  soulful  b lues  acts  - -  s o m e t i m e s  e v e n  the  wor ld - famous  Buddy Guy, himself .  

Also d o w n t o w n ,  t h e  H o u s e  o f  B l u e s  (329  N. D e a r b o r n )  of fers  a va r i e ty  of  t o p - n a m e  b lue s -ba sed  mus i ca l  acts ,  in  
a d d i t i o n  to an  e x c e l l e n t  d i n n e r  a n d  s n a c k  m e n u . W h i l e  e n j o y i n g  t h e  mus ic ,  t ake  s o m e  t i m e  to  l ook  at t h e  h i s t o r i c a l  
b lues  memorab i l i a  l in ing the  walls.  

B l u e  C h i c a g o  has  t w o  loca t ions  o n  t he  n e a r  n o r t h  side - -  536 N. Clark (at  Oh io )  and  736 N. Clark (at  Super io r )  - -  
b o t h  in  t h e  River  N o r t h  e n t e r t a i n m e n t  d i s t r i c t  a n d  w i t h i n  w a l k i n g  d i s t a n c e  f r o m  m a j o r  h o t e l s  a n d  f ine  r e s t a u r a n t s .  
T h e s e  c l u b s  r egu l a r l y  b o o k  m a j o r  ac ts ,  i n c l u d i n g  j u m p  b l u e s  a n d  b l u e s  r o c k e r s . T h e r e  is a c o v e r  c h a r g e  of  $5 .00  to 
$7.00,  bu t  o n e  cove r  is good  for  admiss ion  to b o t h  clubs.  C h e c k  ou t  t he  Blue Chicago  s tore  for  a var ie ty  of  b lues- re la ted  
apparel ,  a r twork  and  o t h e r  souvenirs .  

A l i t t le  f a r t h e r  n o r t h ,  B.L.U.E.S.  ( 2 5 1 9  N. Ha l s t ead)  f ea tu re s  t r ad i t i ona l  Ch icago  e l ec t r i c  b lues  in  a t igh t ly  p a c k e d  
l o u n g e  t h a t  o f t e n  p u t s  you  r i gh t  in f ron t  of  t he  b a n d s t a n d . J u s t  u p  t h e  s t ree t ,  K i n g s t o n  M i n e s  (2548  N. Ha ls tead)  has  
b e e n  f e a t u r i n g  b lues  r o c k e r s  a n d  folk b l u e s  for  we l l  o v e r  30 years .  B o t h  of  t h e s e  c l u b s  o f fe r  s o m e  of  t h e  b e s t  m u s i c  
a r o u n d  in a t ru ly  a u t h e n t i c  se t t ing.  R o s a ' s  (3420  W. Armi tage) ,  b i l led  as "Chicago ' s  Fr iend l ies t  Blues Lounge," is also o n  
t he  n e a r  n o r t h w e s t  side,  jus t  a t e n - m i n u t e  cab  r ide  f rom d o w n t o w n .  Rosa 's  was  n a m e d  t he  N u m b e r  One  Blues Club in 
the  ci ty by  Chicago Magazine in 1998. • Jeff  Weber, Publisher 
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AWS W E L C O M E S  
N E W  S U P P O R T I N G  C O M P A N I E S  

N e w  E d u c a t i o n a l  I n s t i t u t i o n s  

Long Beach City College 
Pacific Coast Campus 
1305 E. Pacific Coast Hwy. 
Long Beach, CA 90806 

North High School -Welding 
Evansville-Vanderburgh School Corp. 
2319 Stringtown Rd. 
Evansville, IN 47711 

Northland Pioneer College 
P.O. Box 610 
Holbrook,AZ 86025 

North Lawrence 
Vocational-Technical Center 

PO. Box 729 
Bedford, IN 47421 

N e w  S u p p o r t i n g  C o m p a n i e s  

Canica International, Inc. 
234 Picard 
St. Eustache, Quebec 
Canada J7R 5A1 

Overly Door Company 
574 West Otterman St. 
Greensburg, PA 15601 

PHPK Technologies Inc. 
535 Enterprise Dr. 
Westerville, OH 43081 

• Susta ining  Member  Dues  Update 

E f f e c t i v e  immediately,  the fol lowing ad jus tments  have been  imple- 
mented  for AWS Sustaining Member Company Memberships: 

Dues: The annual  dues are $700, domestic;  $800, internat ional ;  plus a 
$500 in i t ia t ion  fee. Inc luded  are up to ten  membe r s  al located u n d e r  the 
annual  fee. 

B e n e f i t s :  Sustaining Member  benef i t s  inc lude  1) the AWS l ibrary of 
codes  and  s tandards  (a $5500 value),  wi th  s u b s e q u e n t  revis ions;  2) t en  
AWS individual membersh ips  for employees or customers;  3) usage of the 
AWS Sustaining Company Member logo; 4) an annual  bound  volume of the 
Welding Journal; 5) company  recogni t ion  in the Welding Journal and at 
the AWS Expo; 6) free hyper l ink  from the AWS Web site; and 7) a Sustain- 
ing Company Member wall plaque. 

For in format ion  on  becoming  an AWS Sustaining Member  Company, 
contact  Martha Concepcion ,  Membersh ip /Cus tomer  Services Dept.,AWS, 
550 LeJeune Rd., Miami, FL 33126; (800) 443-9353 ext. 259; FAX (305) 443- 
7559 . •  

• Volunteers Needed for AWS Safety and 
Health Subcommittee 

The Amer ican  Welding Society is seeking vo lun teers  to serve on  the 
SH4 Safety and Health Subcommit tee  on  Labeling and Safe Pract ices.The 
SH4 S u b c o m m i t t e e  p r o d u c e s  the  AWS Safety and Health Fact Sheets; 
ANSI/AWS F2.2, Lens Shade Selector;ANSI/AWS F4.1, Recommended 
Safety Practices for Preparation for Welding and Cutting of  Contain- 
ers and Piping; and safety pamphle t s  deal ing wi th  arc welding,  brazing, 
oxyfuel  we ld ing  and fire safety. If you  are in te res ted  in  actively part ici-  
pat ing,  please call the SH4 Commit tee  Secretary, Steve Hedrick, at (800) 
443-9353 ext. 305 to request  a commit tee  applicat ion.  • 

• T h e  2 0 0 0  AWS C o n v e n t i o n  
and  E x p o s i t i o n  i n  C h i c a g o  

E v e r y t h i n g  you need to know 
about  welding is available once a 
year under  one roof at the Ameri- 
can Welding Society's Annual  Con- 
vention and Exposition.This year's 
Expo and Convent ion  at Mc- 
Cormick Place in d o w n t o w n  
Chicago runs fromApril 25 through 
28. The 2000 Expo will showcase 
the latest advances in welding and 
fabrication from more than 600 ex- 
hibitors. In excess of 25,000 atten- 
dees are expected to visit the Expo 
to see the latest in automatic,  ro- 
botic, laser and every other type of 
welding technology and accessory. 

Highlights of the 2000 Expo in- 
clude an expanded professional 
program, including an a luminum 
welding seminar, one on welding in 
food processing applicat ions and 
the ever popular  Road Map to the 
D 1.1 Code; live welding demonstra- 
tions by industry leaders; the annual 
AWS Awards Ceremony, Officers' Re- 
cept ion and the Comfort A.Adams 
Memorial Lecture. And don ' t  miss 
the hundreds  of exhibi tors  show- 
casing the latest advances in weld- 
ing and fabricating technology. 

Complete details on the AWS 
Exposition and Convention, includ- 
ing a free show pass and coupons,  
are in the Expo Advance Program, 
available on-line at www.aws.org or 
by calling (800) 443-9353 ext. 256, 
(305) 443-9353 ext. 256 outside the 
United States. • 

• AWS MEMBERSHIP 

M e m b e r  As o f  
G r a d e s  M a r c h  1, 2000  

Sustaining .................................. 326 

Member ................................ 43,050 

Transitional .................................. 41 

Student .................................... 4,869 

Honorary ...................................... 29 

Life ........................................... 1,358 

Retired ........................................ 260 

T o t a l  . . . . . . . . . . . . . . .  4 9 , 9 3 3  
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¢ Sustaining Member Companies 

F 
ranklin Electric Company is 
one of the world's largest man- 
ufacturers of submersible elec- 

tric motors and a leading producer  
of engineered  specialty e lectr ic  
motor  products  and electronic dri- 
ves and controls  used by original 
equ ipment  manufacturers  (OEMs) 
around the world in a wide variety 
of residential, industrial and munic- 
ipal applications. 

The principal  applicat ion for 
Franklin's submersible electric mo- 
tors is providing the electric motors 
for water  well pumping  systems. 
These submersible motors  are also 
used in underground gasoline and 
diesel fuel storage pumping systems 
and wastewater handling systems. 

Franklin's engineered specialty 
electric motor  products  and elec- 
tronic drives and controls are used 
in a wide variety of industrial prod- 
ucts including gasoline dispensers, 
paint sprayers, electric hoists, explo- 
sion-proof vapor exhaust fans, vac- 
uum pumping systems, livestock 
feeding systems and soft ice cream 
machines. 

With 2300 employees  world- 
wide,  Franklin Electric is a global 
manufacturer  with 12 manufactur- 
ing/distribution facilities located in 
the United States, Germany, the 
Czech Republic,  Italy, Mexico,Aus- 
tralia, China and South Africa. • 

• S t u d e n t  C h a p t e r s ,  S e n d  
Us Y o u r  N e w s  

Student Chapters are encour- 
aged to send reports of their meet- 
ings, activities and events, along with 
photographs, for publication in the 
Welding Journal's Student Activities 
department. 

Send your meet ing/event  re- 
ports to Susan Campbell,Asst. Editor, 
Welding Journal, 550 N.W. LeJeune 
Rd., Miami, FL 33126. 

Reports can also be faxed to 
(305) 443-4704 or e-mailed to camp- 
bell@aws.org. • 

S 
ince 1892, Robinson Indus- 
tries has offered high-qual- 
ity products to its cus- 

tomers and has provided air-mov- 
ing equipment  for the steel, ce- 
ment, aluminum, ceramic, petro- 
chemical, paper, coal, mining, 

power generation, air pollution control and many other industries. 
Robinson engineers, manufactures, repairs and rebuilds heavy-duty fans at 

its facility in Zelienople, Pa., at its wholly owned subsidiaries Robinson Fans 
Florida, Inc., Lakeland, Fla., and Robinson Fans West in Salt Lake City, Utah. Robin- 
son's wholly owned subsidiary, Robinson's Fans Service and Equipment Co., Inc., 
Trussville,Ala., provides fan repair, installation and modification of  fans in the 
field. • 

x 
-Ergon origi- 
nated  in 1973 
and since its in- 

ception has grown into /X-~G~N / 
a company with repre- 

, ,® 

sentat ion th roughou t  
the United States. Initially started as a 

marketer  of  ma in tenance -eng inee red  welding products ,  X-Ergon has ex- 
panded  into a full-line metal  main tenance  source.  Its p roduc t s '  effect ive- 
ness, safety and ease of use have made it into one of the industry 's  fastest- 
growing companies. 

The exclusive X-Ergon CHEM-A-TIZED TM process  of  metal  joining as- 
sures a super ior  job. In addi t ion to e lec t rodes ,  brazing alloys, solders  and 
fluxes, the product  line includes abrasives, polymer  repair compounds ,  ad- 
hesives,  tools and accessor ies  for per forming  all types of  metal  joining, 
drilling, cutting and finishing. 

Almost every  business or industry does in-house maintenance  that re- 
quires metal repair products .The responsibilities of maintenance personnel  
are constant ly increasing, and as the work load grows, so will the demand 
for the company's products. • 

T 
oday, Mauritzon is one of 

diversified industrial tex- 
the nation's largest, most 

tile wholesa le  manufacturers .  
The company operates out of  a 
1 lO,O00-sq-ft facility and con- 
verts more than 250,000,000 sq 

ft of fabric per  year. Products  p roduced  by the company  include weld ing  
curtains, screens, blankets and roll goods; roll track partitions; thermal tapes, 
ropes and tubing; h igh- temperature  gloves and mitts; equ ipment ,  athletic,  
field, truck and pool  covers; cargo restraint assemblies; drain, cons t ruc t ion  
and building enclosure tarps; privacy screening and fencing; warehouse  di- 
vider  curtains and track systems; strip doors  for warehouses  and welding;  
and hardware, including grommets, snaps, Dee rings and webbing. 

Through five generations of  family ownership,  Mauritzon has been ded- 
icated to a tradition of  personal  service .The company prides itself on high 
standards of quality at the best prices available. • 
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• The Welding Industry Celebrates the 130th 
Anniversary o f  the Birth o f  E. O. Paton 

March 5th marked the 130th an- 
n iversary  of  the bir th  of  Eugenii  Os- 
karovich Paton. Paton is recognized as 
the founder  of  one of  the major  re- 
search inst i tu tes  in the field of  weld- 
ing and allied t echno log ies ,  the E. O. 
Paton Electr ic  Welding Inst i tu te  in 
Kiev, Ukra ine .The Paton Inst i tute  has 
been  deve lop ing  advanced  technolo-  
gies for almost 70 years. 

Paton s tudied eng inee r ing  at the 
Dresden Polytechnic  Inst i tute  in Ger- 
many in 1894 and at the Petersburg In- 
st i tute of  Railway Engineers  in Russia 
in 1896.After comple t ing  his studies, 
he became  a professor,  and, for more  
than 30 years, he l ec tu red  in Peters- 
burg, Moscow and finally in Kiev at the 
Polytechnic Institute. During this time, 
Paton wro t e  numerous  manuals on 
bridge cons t ruc t ion .  Several dozen of  
these manuals were  used to const ruct  
bridges that later won  awards. 

Eugenii Oskarovich Paton 

In 1929, he organized a welding laboratory and a welding commi t t ee  
to provide solutions to the problems of  welding product ion at that time. In 
1934, he founded the Electric Welding Institute at the Academy of Sciences 
of Ukraine. 

Under  Paton's  leadership ,  submerged  arc we ld ing  (SAW) was devel- 
oped by the end of 1939, and the fundamental  work in the process was re- 
por ted  in his publication High-Speed Automatic Welding under a Layer of  
Flux. 

During World War II, the Institute concentra ted its efforts under  Paton's 
superv is ion  on in t roduc ing  submerged  arc weld ing  to the p roduc t i on  of  
armaments  and ammunit ion.  Machines for automatic  welding of tank bod- 
ies w e r e  moun ted  and put  into ope ra t ion  in the Soviet Union ' s  mil i tary 
manufactur ing facilities. During the second half of  1942, the Soviet indus- 
try was producing more tanks than that of Germany. 

In 1944, Paton re turned  to Kiev and the Electric Welding Institute. He 
expanded  the theore t i ca l  and expe r imen ta l  work  on the weldabi l i ty  of  
steels. He also d e v e l o p e d  the e lec t ros lag  we ld ing  p rocess  and, later, the  
e lec t ros lag  remel t ing  p r o c e s s . T h r o u g h  his guidance ,  many compl i ca t ed  
p rob lems  were  solved, among them mass p r o d u c t i o n  of  large-diameter  
we lded  pipes,  acce lera ted  cons t ruc t ion  of  p ipel ines  and building of  large 
storage tanks by the coiling method.  

The pinnacle  of  Paton's career  was the cons t ruc t ion  of  an all-welded 
bridge across the Dnieper  River in Kiev. Sadly, he passed away three months 
before the bridge was inaugurated in 1953. 

In 1965 the Pres idium of the Academy of Sciences,  Ukraine,  began  
awarding the E. O. Paton Award for Outstanding Scientific Achievement  in 
the Field of Advanced  Methods  of  Materials Process ing.To hono r  him, in 
1999 the International Institute of Welding introduced the E. O. Paton Prize, 
wh ich  is awarded to persons  who  have made a great con t r ibu t ion  or per- 
formed outstanding applied investigations and developments  in the field of 
promising technologies of welding and allied process. 

E. O. Paton's institute continues today, led by academician B. E. Paton. • 

• N o t i c e  o f  A n n u a l  M e e t i n g ,  
A m e r i c a n  W e l d i n g  S o c i e t y  

T h e  Annual Meeting of  the 
members  of the American Welding 
Society will  be held on Tuesday, 
April 25, beg inn ing  at 9 a.m. at 
McCormick Place, Chicago, Ill. 

The Regular business of the So- 
ciety will be conducted,  including 
election of officers and ten members 
of the Board of Directors. Any busi- 
ness properly brought  before the 
membership will be considered. • 

• N o m i n a t i o n s  S o u g h t  f o r  Na- 
t i o n a l  Off icers  

AWS members  who  wish to 
nominate candidates for President, 
Vice President  and Director-at- 
Large on the AWS Board of Direc- 
tors for the te rm start ing June 1, 
2001, may present  the nominat ion 
in person at the opening session of 
the National Nominat ing Commit- 
tee Meeting scheduled for 10 a.m., 
Wednesday, April 26, 2000, at Mc- 
Cormick Place, Chicago, Ill., during 
the AWS International Welding and 
Fabricating Exposition. 

Nominat ions  must  be accom- 
panied by 20 copies  of biographi- 
cal material on each candidate, in- 
cluding a wri t ten  statement by the 
candidate  as to his or her  willing- 
ness and ability to serve if nominated 
and elected,  and a 5- x 7- in. black- 
and-white or color photograph. • 

• S u b m i t  Y o u r  T e c h n i c a l  
C o m m i t t e e  R e p o r t s  

C o m m i t t e e  C h a i r m e n  - -  
We want to recognize the efforts of 
your committee and inform our read- 
ers of  its accomplishments .  Send a 
brief  profile of its activities and re- 
cent accomplishments, along with a 
member  roster and contact  num- 
bers, and we  will publish it in the 
Welding Journal's Society News sec- 
tion. 

Send your submissions to 

Susan CampbeU,Assistant Editor 
American Welding Society 

550 N.W. LeJeune Rd. 
Miami, FL 33126 

Telephone, (305) 443-9353 ext. 244, 
FAX: (305) 443-7404 

e-mail: campbell@ aws.org • 
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S A F E T Y  A N  D 
T 0 P 

• S t y l e  G u i d e l i n e s  f o r  S a f e t y  a n d  
H e a l t h  D o c u m e n t s  
Fac t  S h e e t  N o .  15 

H E A L T H  
I C S 

• Use  s t r o n g ,  c lear ,  a c t i o n  v e r b s  in  t h e  i m p e r a t i v e  
m o o d .  

• Use shor t ,  d i r e c t  s e n t e n c e s .  

Introduct ion 

Style for  w e l d i n g  a n d  c u t t i n g  d o c u m e n t s  m e a n s  t h r e e  
t h ings :  m a t t e r  a n d  m a n n e r ;  f o r m  a n d  c o n t e n t ;  s ty le  a n d  
fo rmat .  Style re fe r s  n o t  on ly  to w h a t  is said bu t  also h o w  
it is s t a t ed  a n d  p r e s e n t e d  to t h e  reader .  

Early Style Methods and Features 
T h e  s ty le  a n d  f o r m a t  fo r  w e l d i n g  a n d  c u t t i n g  d o c u -  

m e n t s  h a v e  e v o l v e d  w i t h  t i m e . T e n  o r  f i f t een  years  ago, 
d o c u m e n t s  c o n t a i n e d  t he  fo l l owing  fea tures :  

• C o m m a n d s  o r  d i r e c t i v e s  t e l l i ng  w h a t  to  do  w i th -  
ou t  e x p l a i n i n g  t he  c o n s e q u e n c e s  o f  n o t  d o i n g  it. 

• F r e q u e n t  use  of  t h e  pa s s i ve  v o i c e  r a t h e r  t h a n  t h e  
ac t ive  voice .  

• Use of  u n d e r l i n g  for  e m p h a s i s .  

Early Style Methods and Features 
• "A c h e c k - o f f  l is t  s h o u l d  b e  u s e d  b y  t h e  w e l d i n g  

opera tor ."  

• " P r o p e r  q u a l i t y  c o n t r o l  p r o c e d u r e s  s h o u l d  b e  
used." 

Reasons For Not Using the Early Style 
T h e  AWS Safety a n d  H e a l t h  C o m m i t t e e  r e c o m m e n d s  

t h e  ear ly m e t h o d  n o t  be  u s e d  for  t h e  fo l l owing  reasons :  

• T h e  o l d e r  s ty le  o f  w r i t i n g  d o e s  n o t  g ive  o r  i m p l y  
t he  c o n s e q u e n c e s  o f  t h e  fa i lure  to  ac t  as d i r e c t e d .  

• T h e  o l d e r  s tyle  does  n o t  tel l  h o w  to  avo id  t h e  con-  
s e q u e n c e s  w h e n  it is p o s s i b l e  to  do  so. 

Current Style Methods and Features 
C u r r e n t l y ,  i t  is r e c o m m e n d e d  d o c u m e n t s  s t a t e  t h e  

h a z a r d s  a n d  i n c l u d e  t h e  c o n s e q u e n c e s ,  as we l l  as h o w  
to avo id  t h e m . T h e  s tyl is t ic  f ea tu re s  are as fo l lows:  

• Use t h e  ac t ive  voice .  

Use of  Precautionary Labeling 
S i g n a l  W o r d s  

T h e r e  are  t h r e e  s ignal  w o r d s  u s e d  to i den t i fy  t he  lev- 
els o f  h a z a r d  inANSI  Z535 .4  - -  DANGER,WARNING and  
C A U T I O N . W h e r e v e r  p o s s i b l e ,  r e s e r v e  t h e s e  w o r d s  for  
u s e  o n  l a b e l s  only.  Avo id  t h e  u s e  o f  s i g n a l  w o r d s  in  
p r o s e .  Use  t h e  w o r d  " p r e c a u t i o n a r y "  i n s t e a d  o f  s i g n a l  
w o r d s  for  tex t .  

Current Style Examples  

• "Use a c h e c k l i s t .  Do n o t  sk ip  any  i t ems .  O m i t t i n g  
s t eps  c an  cause  p e r s o n a l  i n ju ry  o r  e q u i p m e n t  damage."  

• "Use  p r o p e r  q u a l i t y  c o n t r o l  p r o c e d u r e s  to  m e e t  
i n t e n d e d  p e r f o r m a n c e  r e q u i r e m e n t s  a n d  to m i n i m i z e  
costs."  

Background of  Current Style 
T h e  c u r r e n t  w r i t i n g  s ty le  e v o l v e s  f r o m  p r e c a u t i o n -  

a ry  l a b e l i n g  p r a c t i c e s  a n d  a r i s e s  f r o m  t h e  o b l i g a t i o n  
s t a n d a r d s  a n d  c o d e s  h a v e  to  u s e r s ,  as w e l l  as f r o m  an  
i n d u s t r y - w i d e  c o n c e r n  fo r  t h e  w e l l  b e i n g  o f  i t s  cus-  
t o m e r s . T h e  w r i t i n g  m e t h o d  n e e d s  to  w a r n  a n d  i n -  
s t r u c t  t h e  r e a d e r  a b o u t  t h e  n o r m a l  u s e  a n d  r e a s o n -  
a b l y  f o r e s e e a b l e  m i s u s e  a n d  a b u s e  of  a p r o d u c t  o r  
p r o c e s s  as is u s e d  in  c u r r e n t  p r e c a u t i o n a r y  l a b e l i n g  
p r a c t i c e s .  T h e  i n s t r u c t i o n  l i t e r a t u r e  t h a t  a c c o m p a -  
n i e s  a p r o d u c t  o r  p r o c e s s  is c o n s i d e r e d  as p a r t  o f  
t h a t  p r a c t i c e .  

• T h e  w a r n  p a r t  o f  t h e  r e q u i r e m e n t  is m e t  b y  a 
s t a t e m e n t  o f  t h e  h a z a r d  a n d  c o n s e q u e n c e s  o f  t h e  fail- 
u re  to act  as spec i f i ed .  

• T h e  i n s t r u c t  p a r t  o f  t h e  r e q u i r e m e n t  is m e t  b y  
e x p l a i n i n g  h o w  to avo id  t h e  h a z a r d  and  c o n s e q u e n c e s .  

• It is n o t  m a n d a t o r y  to  h a v e  a p a r t i c u l a r  o r d e r  to  
t h e  s t a t e m e n t s .  I t  c a n  b e  w a r n  a n d  i n s t r u c t  o r  i n -  
s t r u c t  a n d  w a r n .  E i t h e r  s e q u e n c e  is s a t i s f a c t o r y ,  
t h o u g h  w a r n  a n d  i n s t r u c t  is p r e f e r r e d .  

• Th i s  o r d e r  p r e f e r e n c e  is b a s e d  o n  c u r r e n t  p r e c a u -  
t i o n a r y  l a b e l i n g  p r a c t i c e s  t h a t  w a r n  f i r s t  a n d  i n s t r u c t  
s e c o n d .  
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S A F E T Y  A N D  H E A L T H  

T 0 P I C S 

• For all safety and health information published by 
the American Welding Society, try to follow the w a r n  
an d  i n s t r u c t  requirements for the n o r m a l  u s e  as well 
as for the foreseeable m i s u s e  a n d  a b u s e  of the prod- 
uct or process. 

F o r m a t  Suggestions 
Several formats satisfy these requi rements .The two 

most popular  are the following: 

• Put all information in one or two sentences. 

• Use an en t ry  s ta tement  con ta in ing  the warn ing  
( s ta tement  of hazard and its consequences )  fol lowed 
by a list of simple instructions telling how to avoid the 
hazard, such as the fol lowing typical  example from 
NEMA EW 6: 

W A R N I N G :  ELECTRIC S H O C K  can kill; FUMES 
A N D  GASES can  be  hazardous;ARC RAYS can  in- 

jure eyes and  b u r n  skin. 

• Do n o t  t o u c h  live e lec t r ica l  par ts .  

• Keep  y o u r  h e a d  ou t  of  the  fumes .  

• Wear  dry  i n s u l a t i n g  gloves  and  c lo th ing .  

• Use  e n o u g h  v e n t i l a t i o n  o r  e x h a u s t  at t h e  

arc to k e e p  f u m e s  a n d  gases  f r o m  y o u r  b r ea t h -  

ing  zone  and  the  gene ra l  area. 

• Wear  co r r ec t  eye,  ear  and  b o d y  p r o t e c t i o n .  

• Read  a n d  f o l l o w  the  m a n u f a c t u r e r ' s  in-  
s t r u c t i o n s ,  e m p l o y e r ' s  safe ty  p r a c t i c e s  a n d  Ma- 

ter ia l  Safety Data Sheets  (MSDSs). 

F e a t u r e s  o f  t h e  C u r r e n t  M e t h o d  

• Use simple, clear, precise words. 

• Use the active voice instead of the passive voice 
in sentence structure. 

• Use the imperative mood of the verbs to give com- 
mands or directives. 

S u m m a r y  
Remember the primary purpose of any instructions, 

but  especially those conta in ing  safety or health infor- 
mation. 

• Quickly get to the po in t  to keep the reader 's  at- 
tent ion and save time. 

• Be clear, direct and simple in communica t ing  all 
the reader needs to know. 

• Use easy-to-read short lists to follow the preferred 
method. 

I n f o r m a t i o n  S o u r c e s  

National  Electrical Manufacturer ' s  Association.  
Guidel ines  For P re c au t i onary  Label ing f o r  Arc  Weld- 
ing a n d  Cu t t ing  Products ,  EW 6. National  Electrical 
Manufacturers'  Association, Washington, D.C. 

National Electrical Manufacturers 'Association. Man- 
ua l  f o r  NEMA S tandards  Pub l i ca t i ons ,  NEMA NS 1- 
1983. National  Electrical Manufacturers 'Associa t ion ,  
Washington, D.C. 

American National Standards Inst i tute (ANSI). Style 
M a n u a l  f o r  P r e p a r a t i o n  o f  Proposed  A m e r i c a n  Na- 
t ional  Standards,  ANSI X3/90-1887 X, S, M,T. Available 
from American National  Standards Inst i tute ,  11 West 
42nd St., NewYork, NY 10036. 

American National Standards Insti tute (ANSI). Prod- 
uc t  Sa fe ty  Signs a n d  Labels,  ANSI Z535.4. Available 
from American  National  Standards Inst i tute ,  11 West 
42nd St., NewYork, NY 10036. • 

The Safety and Health Fact Sheets, 2nd  ed., cover all 
aspects o f  safety and  health applicable to welding and  
cutting. The Fact Sheets include 20pages  on subjects such 
as f u m e s  and  gases, radiation, noise and electrical haz- 
ards. Compiled in 1998. Price f o r A W S  m e m be rs  is $24; 
nonmembers,  $32. Copies o f  Safety and Health Fact Sheets 
can be ordered by calling AWS Customer Service at  (800) 
334-9353, or (305) 443-9353 ext. 280 outside the United 
States, Monday  through Friday, 8 a.m. to 5p .m .  Eastern 
Standard Time. 

• 1999 District and Section Awards 

The following AWS members  have been  presen ted  
with either their Section or District MeritoriousAwards 
for 1999. 

¢ 1 9 9 9  D i s t r i c t  M e r i t o r i o u s  A w a r d  
District 21 Nanette Samanich 
District 21 Michael Sullivan 

¢ 1 9 9 9  S e c t i o n  M e r i t o r i o u s  A w a r d  
Pat Bumcrott Long Beach/Orange County 
Stan Louis California Central Coast 
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• Youths  from Ghana Dream of  a Weld ing  Club 

R 
e c e n t l y ,  A m e r i c a n  W e l d i n g  S o c i e t y  (AWS) Pres i -  
d e n t  R o b e r t  T e u s c h e r  r e c e i v e d  a l e t t e r  f r o m  

, t h r e e  y o u t h s  f r o m  G h a n a  e x p r e s s i n g  t h e i r  d r e a m  
o f  f o r m i n g  a w e l d i n g  c l u b  fo r  y o u n g  A f r i c a n s . A m e r i -  
c a n  W e l d i n g  Soc ie ty  m e m b e r  Eric S. B o a t e n g  a n d  aspir-  
ing m e m b e r s  Lewis T. O h e m e n g  and  Chr i s t i an  H a m m o n d  
w r o t e  t h e  l e t t e r  o u t l i n i n g  t h e i r  p l a n s  for  t he  A m e r i c a n -  
Afr ican  Youth  Weld ing  Club  (AAYWC).They w r o t e  of  t he  
t r e m e n d o u s  w e a l t h  of  t a len t ,  i n t e l l i g e n c e  a n d  o p t i m i s m  
a b o u t  w e l d i n g  t h e y  have  s e e n  in t he  y o u t h  in Africa,  and  
t h e y  w r o t e  of  t h e  lack of  bas ic  neces s i t i e s  s u c h  as train- 
ing  a n d  i n f o r m a t i o n . T h e y  h o p e  to  fill t h i s  gap  t h r o u g h  
t he  i m p l e m e n t a t i o n  of  t he  AAYWC. 

The  p u r p o s e  of  t he  AAYWC w o u l d  be  to share  ideas, 
l ea rn  and  e x p l o r e  t h e  m a n y  o p p o r t u n i t i e s  in t h e  f ie ld of  
welding.  It wou ld  also p rov ide  s tuden t s  w i t h  a p la t form to 
m e e t  and  in te rac t  w i t h  we ld ing  profess ionals ,  t hus  see ing  
f i rs thand that  a career  in weld ing  can  provide  good pay and  
bene f i t s  to  t h o s e  w h o  are wi l l ing  to w o r k  ha rd  and  l ea rn  
the  art  of  welding.  

The  o rgan ize r s  are bas ing  the  c lub  o n  the  p r i n c i p l e s  
of  educa t ion ,  access  to  in fo rmat ion  and  the  latest  technol -  
ogy, exchange  programs and  training. 

To m e e t  these  goals, t he  tr io foresees conferences ,  lec- 
tures, seminars,  conven t ions  and  expos i t ions  hos t ed  abroad  
and  locally for the  you th .They  would  also like to see an ex- 
change  p rog ram d e v e l o p e d  b e t w e e n  the  AAYWC and AWS 
s tuden t  chapte rs .This  wou ld  give m e m b e r s  of  b o t h  organi- 
zat ions the  oppor tun i ty  to no t  only share informat ion  abou t  
w e l d i n g  bu t  to  also l ea rn  a b o u t  e a c h  o t h e r ' s  c u l t u r e  and  
l i fes ty le .The i r  h o p e  is to  se t  u p  a h o s t  family p r o g r a m  in 
b o t h  count r ies  so s tudents  could  choose  to stay for m o n t h s  
w i th  one  family or  travel the  country,  moving  from one  host  
family to another.  

O h e m e n g ,  H a m m o n d  and  Boateng said educa t ion  and  
t ra in ing  will  be  the  top  pr ior i ty  of  the  AAYWC.They h o p e  

Organizers of  the American Youth Welding Club are, f rom 
left, Lewis T Ohemeng, Christian H a m m o n d  and Eric S. 
Boateng. Boateng is also a member o f  the American Weld- 
ing Society. 

to  es tab l i sh  a b o n d  w i t h  AWS Studen t  Chap te r s  to encour -  
age the  sha r ing  of  ideas  and  i n t e r e s t s  b e t w e e n  s t u d e n t s  
and  to p r e s e n t  w e l d i n g  as a v iab le  c a r e e r . T h e  t h r e e  also 
h o p e  the  AAYWC will be  able  to p rov ide  f inancial  s u p p o r t  
for the  con t inu ing  educa t ion  and  t raining of  its members .  

Ohemeng ,  H a m m o n d  and  Boateng feel African you ths  
are an  a m b i t i o u s  and  e x u b e r a n t  g r o u p  w h o  are eage r  to  
learn  the  art  of  we ld ing  but  lack access  to in format ion  and  
f inancial  s u p p o r t . T h e y  feel t he re  is an  u rgen t  n e e d  for the  
AAYWC to fos te r  f r i e n d s h i p  and  i n t e r ac t i on  b e t w e e n  t he  
U n i t e d  States and  Africa to  d i scuss  t he  cha l l enges  and  
p rospec t s  in weld ing  for the  nex t  generat ion.  

Anyone in te res ted  in he lp ing to sponso r  the  American- 
Afr ican Youth Welding Club can  con t ac t  Eric Sefa Boa teng  
at P.O. Box 15862,Accra-North,  Ghana ,Wes t  Africa, or  via e- 
mail  at boatsefa@hotmail .com. • 

• IACOM M e m b e r s  M e e t  i n  D a l l a s  

Mere bers of  tbe lndust  O, Action Corn m ittee 
(IACOM) leadership met in Dallas, Texas, on Janu- 
ary 18. Attending the meeting were, counterclock- 
wise, Douglas Beck;John Coffey; Secretary Chuck 
Fassinger, AWS associate executive director; Chair 
Ernest Levert, AWS vice president; Steve Bollhorst; 
Bryan George; and  Vice Chair Lee Kvidahl, pas t  
A WS president. 

• B2 C o m m i t t e e  H o l d s  Fal l  M e e t i n g  

Members o f  the B2 Procedure and Perfi;rmance Qualifi- 
cation Committee met in Pittsburgh, Pa., September 26-28. 
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• AWS Official Honored  by 
Lexington Who's Who Registry 

The AmericanWelding Society (AWS) an- 
nounced Dr. Nelson WaI1,AWS deputy execu- 
tive director emeritus, has been named to the 
1999/2000 edit ion of the Lexington Who's 
Who Registry of  Executives and Profession- 
als.The directory is dedicated to the recogni- 
t ion of individuals who  have demonst ra ted  
outstanding leadership and ach ievement  in 
their field and includes biographical informa- 
t ion on execut ives  and professionals from 
hundreds of occupations. 

Originally from Cuba,Wall has been with 
the American Welding Society since 1981. 
Wall earned a bachelor  of  science degree in 
mechanica l  engineer ing  from Georgia Tech 
Universi ty and a doctora te  degree in politi- Nelson Wall 
cal science from the University of Havana. In 
addition to his role at AWS, Dr.Wall is also an 
active m e m b e r  of  the Pan American Coali t ion of  Welding Inst i tut ions and 
the Pacific Ocean Coalition of Welding Associations, two not-for-profit orga- 
nizations that provide  a forum for internat ional  welding organizations.  He 
also serves as secretary for the Federation of Materials Societies, a Washing- 
ton, D.C., based coalition of research and education associations. • 

• CAN WE TAI ? 
The Welding Journal staff encourages 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-mall addresses are listed below, along with a guide 
to help you interact with the right person. 

Pub l i she r  J e f f  Weber  
jweber@aws.org 
General Management, 
Reprint Permission, 
Copyright Issues 

Edi tor  A n d r e w  Cul l i son 
cullison@aws.org 
Article Submissions 

Publ ica t ions  Secre tary  
Kar leen  Bourne 

karleen@aws.org 
General Information 

Adver t i s ing  Sales Di rec to r  
Rob Saltzstein 

salty@aws.org 
Advertising Sales 

Features Editor  Mary Ruth J o h n s e n  
mjohnsen@aws.org 
Feature Articles 

Assistant  Edi tor  Susan Campbe l l  
campbeU@aws.org 
Society News 

Assis tant  Edi tor  Tim Hes ton  
theston@aws.org 
New Products 

Managing  Edi tor  Chr is t ine  Tarafa 
ctarafa@aws.org 
Design and Production 

Production Assistant  Zaida Chavez 
martinez@aws.org 
Design and Production 

Advertising Production Manager 
Col leen  Beem 

cday@aws.org 
Advertising Production 

Adver t i s ing  Coord ina to r  
Lea Garr igan  

garrigan@aws.org 
Production and Promotion 

Peer Review Coordinator 
Dooreen  Kubish 

doreen@aws.org 
Peer Review of Researh Papers 

Welding Journal  Dept . ,  550 N.W. 
LeJeune Rd., Miami ,  FL 33126, 
(800) 443-9353 ext.  348, FAX (305) 
443-7404 

• Rybicki  to Chai r  C2 Commi t t ee  
on  T h e r m a l  Spraying  

Edmund E Rybicki 

E d m u n d  E Rybicki has been se- 
lected to chair the American Welding 
Society's C2 Committee onThermal  
Spraying. 

Rybicki is professor and chair of 
the Mechanical Engineering Faculty 
at the University of Tulsa. Before Join- 
ing the University o f  Tulsa, he 
worked at Battelle Columbus Labora- 
tories for eleven years, rising to man- 
ager of the Residual Stress Projects 
Office.While at Battelle, his work was 
in the area of finite element analysis to 
predict and control residual stresses in 
welded pipes and pressure vessels. 

Rybicki's work on residual 
stresses continues at the University 
o f  Tulsa. He and his coworkers de- 
veloped methods for the experimen- 
tal evaluation of residual stresses in 
thermal spray coatings, thermal bar- 
tier coatings, welds and weld cladding. 

Other areas of Rybicki's work in- 
clude controlling residual stresses to 
improve fatigue life of thermal spray 
coatings, evaluating thermal spray 
coatings to replace chrome plating, 
the effects of residual stresses on the 
bond strength for thermal spray coat- 
ings and debonding of composi te  
materials. 

Professor Rybicki has authored 
or coauthored 71 papers in refereed 
journals, 115 papers in conference 
proceedings and 193 talks at techni- 
cal meetings.The results of his weld- 
ing residual stress work have been 
used by the U.S.Army, U.S. Navy, the 
electric power  generating industry 
and the automotive industry. He is a 
coauthor of seven papers that re- 
ceived awards from international 
conferences and journals. One award 
is the A. E Davis Silver Medal Award 
from the American Welding Society 
for a paper published in the Welding 
Journal in 1993. He is a registered 
professional engineer, has one patent, 
is a Distinguished Member of AWS 
and is a Fellow in the American Soci- 
ety of Mechanical Engineers. • 
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All AWS technical committee meetings are open to the public. Persons wishing to attend a meeting should contact the staff secretary o f  the 

committee, as listed below, at AWS, 550 N.W.LeJeune Rd., Miami, FL 33126, telephone (305) 443-9353. 

April 24, C7B Subcommi t t ee  on 
Electron BeamWelding and Cutting. 
Chicago, Ill. Standards preparat ion 
meeting. Staff contact: E. E Mitchell. 

Apri l  24, C7C S u b c o m m i t t e e  on 
Laser Beam Welding and Cutt ing.  
Chicago ,  Ill. Standards  p repara -  
t ion  mee t ing .  Staff  con t ac t :  E. F. 
Mitchell.  

April 24, DIO Committee on Piping 
and Tubing. Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
T. R. Potter. 

April 25,A1 Commi t t ee  on Metric 
Practice.  Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
J. L. Gayler. 

April 25, C2 Committee onThermal  
Spraying. Chicago, Ill. General meet- 
ing. Staff contact: E. E Mitchell. 

April 25, C2A Subcommittee on Ma- 
chine Element Repair and Restora- 
tion. Chicago, Ill. Standards prepa- 
rat ion meet ing.  Staff contact :  E. E 
Mitchell. 

April 25, C2B SSPC/NACE/AWS Tri- 
Society Thermal  Spray Commi t t ee  
on the Corros ion Pro tec t ion  of  
Steel. Chicago, Ill. Standards prepa- 
rat ion meet ing.  Staff contact :  E. E 
Mitchell. 

April 25, C2F Subcommit tee  on 
Thermal Spray Operator  Qualifica- 
tion. Chicago, Ill. Standards prepa- 
ration meet ing.  Staff contact :  E. E 
Mitchell. 

April 25, C5I Subcommit tee  on 
Plasma Arc Welding. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: M. O. Kulp. 

April 25, C5J Subcommi t t ee  on 
Plasma Arc Cutting. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: M. O. Kulp. 

April 25, C7 Commi t t ee  on High 
Energy Beam Welding and Cutting. 
Chicago, Ill. General meeting.  Staff 
contact: E. E Mitchell. 

April 25, DIO Committee on Piping 
and Tubing. Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
T. R. Potter. 

April  25, D14A Subcommi t t ee  on 
Industrial and Mill Cranes. Chicago, 
I11. Standards preparat ion meeting. 
Staff contact: M. O. Kulp. 

April 25, D14C Subcommi t t ee  on 
Ear thmoving and Cons t ruc t ion  
Equipment .  Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
M. O. Kulp. 

April 25, D14E Subcommi t t ee  on 
Welding of Presses. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: M. O. Kulp. 

April 25, D17D Subcommit tee  on 
Resistance Welding. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: E. E Mitchell. 

April 25, D18 Commit tee  on Weld- 
ing and Sanitary Applicat ions.  
Chicago, Ill. Standards preparat ion 
meeting. Staff contact: L. P. Connor. 

April 25, D18A Subcommi t t ee  on 
Qualification. Chicago, Ill. Standards 
preparation meeting. Staff contact:  
L. P. Connor. 

April 25, G2E Subcommi t t ee  on 
Stainless Steel Alloys. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact:T. R. Potter. 

April 26,A5C Subcommittee onAlu- 
minum Alloy Filler Metals. Chicago, 
Ill. General  meeting.  Staff contact :  
R. K. Gupta. 

April 26,A5U Subcommittee on Sur- 
facing Materials forThermal Spraying. 
Chicago, Ill.Standards preparation 
meeting. Staff contact: R. K. Gupta. 

April 26,A10 Commit tee  on Instru- 
mentation for Welding. Chicago, Ill. 
General  meet ing .  Staff contact :  C. 
B. Pollock. 

April 26, B1 Committee on Methods 
of Inspect ion.  Chicago, Ill. Stan- 

dards prepara t ion  meet ing.  Staff 
contact: L. P. Connor. 

April 26, C1 Commit tee  on Resis- 
tance Welding. Chicago, Ill. General 
meeting. Staff contact: E. E Mitchell. 

April 26, C4 Committee on Oxyfuel 
Gas Welding and Cutting. Chicago, 
Ill. General  meet ing.  Staff contact :  
M. O. Kulp. 

April 26, C6 Committee on Friction 
Welding. Chicago, Ill. Standards 
preparat ion meeting.  Staff contact:  
T. R. Potter. 

April 26, D9 Commi t t ee  on the 
Welding, Brazing and Soldering of  
Sheet Metal. Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
J. L. Gayler. 

April 26, D 11 Committee on Welding 
Iron Castings. Chicago, Ill. General 
meeting. Staff contact: M. O. Kulp. 

April 26, D14 Commi t t ee  on Ma- 
ch inery  and Equipment .  Chicago, 
Ill. General meet ing.  Staff contact :  
M. O. Kulp. 

April 26, D14B Subcommi t t ee  on 
General  Design and Practices.  
Chicago, Ill. Standards preparat ion 
meeting. Staff contact: M. O. Kulp. 

April 26, D17D Subcommi t t ee  on 
Resistance Welding. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: E. E Mitchell. 

April 26, D17J Subcommi t t ee  on 
Frict ion Stir Welding. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: E. E Mitchell. 

April 26, D17X D17 Executive Sub- 
commit tee .  Chicago, Ill. General  
meeting. Staff contact: E. E Mitchell. 

April 26, G2C Subcommi t t ee  on 
Nickel Alloys. Chicago, Ill. Standards 
preparat ion meeting. Staff contact:  
T. R. Potter. 

- -  continued on next page 
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• A w a r d  P i n s  Ava i lab l e  for  Technica l  
C o m m i t t e e  Volunteers  

Service pins for Technical Committee volunteers and Technical Activities 
Committee members are available from the American Welding Society. 

Three pins are offered, one each for 10, 20 or 30 years of service.The ser- 
vice does not have to be continuous, but simultaneous service on two commit- 
tees does not count double.Thus, 5 years on aTechnical Committee concurrent 
with 5 years on the Technical Activities Committee only counts for 5 years. 

If you believe you are eligible for a service award pin, please list your com- 
mittees and the calendar years of service and send it to Leonard P. Connor, Tech- 
nical Services Division,American Welding Society, 550 N.W. LeJeune Rd., Miami, 
FL 33126. • 

• M e m b e r s  N e e d e d  for  AWS C o m m i t t e e  
o n  I n s t r u m e n t a t i o n  

The American Welding Society is looking for volunteers  to serve on the 
newly formed Committee on Instrumentation for Welding. 

The Commit tee  will  develop standards on ins t rumenta t ion  of welding 
equipment as well as measurement and data collection techniques for all weld- 
ing processes.  Its first efforts will include current  and force standards and 
data collection and storage techniques for resistance welding.The first meet- 
ing of the committee will take place April 26 during the AWS Convention and 
Exposition in Chicago. 

If you are interested in participating in this work, please contactAlO Com- 
mittee Secretary Chris Pollock at (800) 443-9353 ext. 304. • 

• B5 C o m m i t t e e  
M e m b e r s  W a n t e d  

The American Welding Society 
is looking for vo lun tee r s  to serve 
on some of its vo lun tee r  commit-  
tees .The subcommit tees  of  the B5 
Qualif icat ion Commi t t ee  deve lop  
qua l i f ica t ion  s tandards for weld-  
ing p e r s o n n e l  and we ld ing  facili- 
t ies.  At this t ime,  the  fo l lowing  
subcommit tees  are looking for in- 
dividuals in the we ld ing  indust ry  
or  academia w h o  are interested in 
cont r ibut ing  to set t ing standards: 
B5B, Subcommit tee  on Welding In- 
spec to r  Specialists; B5G, Subcom- 
mi t t ee  on Welding Fabr ica tors ;  
B5H, Subcommi t t ee  on Underwa-  
te r  Welding Inspec to r s ;  B5I, Sub- 
c o m m i t t e e  on Welding Supervi-  
sors; B5J, Subcommit tee  on Welder 
Test Facilities; B5K, Subcommit tee  
on NDE Personnel ;  and B5N, Sub- 
c o m m i t t e e  on Welding Salesper- 
sons. Please call J o h n  Gayler  at 
(800) 443-9353 ext.472 to request  
a commi t t ee  application. • 

• D17J Subcommit tee  
Members  Wanted 

The American Welding Society's 
D 17 Committee onWelding in the Air- 
craft and Aerospace Industries has 
formed a new subcommittee.  The 
D17J Subcommittee (Friction Stir 
Welding for Aircraft and Aerospace 
Applications) is looking for volun- 
teers.The charter of this subcommit- 
tee is to produce one or more stan- 
dards for recommended practices for 
aircraft and aerospace friction stir 
welding applications. 

DougWaldron of the Boeing Co., 
chairman of the D17J Subcommittee, 
can be reached at (714) 896-5313. 
Vice Chairman Jeff Ding of NASA can 
be reached at (256) 544-2700.To re- 
quest a committee application, please 
call Ed Mitchell,AWS, at (800) 443- 
9353 ext. 254.The next meeting is 
scheduled for October  28-29 at 
NASA's Kennedy Space Center. • 

T E C H N I C A L  C O M M I T T E E  

M E E T I N G S  

--cont inued f rom page 219 

April 27, B1 Commi t t ee  on Meth- 
ods of Inspection. Chicago, Ill. Stan- 
dards prepara t ion  meet ing.  Staff 
contact: L. P. Connor. 

April  27, C5 Commi t t ee  on Arc 
Welding and Cutting. Chicago, Ill. 
General  meeting.  Staff contact :  M. 
O. Kulp. 

April 27, C5C Subcommittee on Gas 
Tungsten Arc Welding. Chicago, Ill. 
Standards prepara t ion  meet ing.  
Staff contact: M. O. Kulp. 

April 27, C 5 0  Subcommit tee  on 
Shielding Gases. Chicago, Ill. Stan- 
dards prepara t ion  meet ing.  Staff 
contact: M. O. Kulp. 

April  27, D14G Subcommi t t ee  on 
Welding of Rotating Equipment .  
Chicago, Ill. Standards preparat ion 
meeting. Staff contact: M. O. Kulp. 

April 26, D16 Commit tee  on Ro- 
bot ic  and Automatic  Welding. 
Chicago, Ill. Standards preparat ion 
meeting. Staff contact:T. R. Potter. 

April 27, D17 Commit tee  onWeld- 
ing in the Aircraft and Aerospace  
Industries.  Chicago, Ill. Standards 
prepara t ion  and general  meet ing.  
Staff contact: E. E Mitchell. 

April 27, G2 Commit tee  on Joining 
Metals and Alloys. Chicago, Ill. Gen- 
eral mee t ing .  Staff contac t :  T. R. 
Potter. 

April 27, G2D Subcommittee on Re- 
active Alloys. Chicago, Ill. General  
meeting. Staff contact:T. R. Potter. 

April 28, D17 Commit tee  on Weld- 
ing in the Aircraft and Aerospace  
Industries.  Chicago, I11. Standards 
prepara t ion  and general  meet ing.  
Staff contact: E. E Mitchell. 

Notes :  A " s t a n d a r d s  p r e p a r a t i o n "  
m e e t i n g ' s  p r i m a r y  p u r p o s e  is to 
w o r k  o n  a s p e c i f i c  d o c u m e n t .  A 
"genera l  m e e t i n g "  m e a n s  n o  w o r k  
is c o n t e m p l a t e d  o n  a speci f ic  s tan-  
dard .  The  c o m m i t t e e ' s  s t a n d a r d s  
m a y  be  r e v i e w e d  o r  d iscussed,  b u t  
n o  f o r m a l  ac t ion  is expected.  
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N 0 T I C E S 
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 during the approval process. This col- 
umn also advises of ANSI approval of documents. The following standards are submitted for public review.A copy may be obtained by 
sending the amount shown to AWS Technical Dept., 550 N. W. LeJeune Rd., Miami, FL 33126, or by calling (800) 334-9353. 

R e v i s e d  S t a n d a r d s  A p p r o v e d  
b y  ANSI: 

B4.0M:2OOX, Standard Methods f o r  
Mechanical Testing o f  Welds. Revised 
standard. $29.95. [ANSI Public Re- 
view expires April 25.] 

G1.10M:200X, Guide for  the Evalua- 
tion o f  Hot  Gas, Hot Gas Extrusion, 
and  Heated Tool But t  Thermoplastic 
Welds. New standard. $9.00. [ANSI 
Public Review expires May 9.] 

ISO S t a n d a r d s  f o r  
P u b l i c  R e v i e w  

ISO/DIS 544, Welding Consumables  
- -  Technical Delivery Conditions for  
Welding Filler Metals - -  Type o f  
Product, Dimensions, Tolerance and  
Markings. Standard. $2.75. [ANSI Pub- 
lic Review expires April 31.] 

ISO/DIS 5817, Welding-Fusion- 
Welded Joints  in Steel, Nickel, Tita- 
n i u m  and  Their Alloys (Beam Weld- 
ing Excluded) - -  Qual i ty  Levels f o r  
Imperfections. Standard. $5.25. [ANSI 
Public Review expires May 31.] 

New Standards A p p r o v e d  
by ANSI: 

B2.1-4-217:1999, Standard  Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding o f  
Chromium-Molybdenum Steel (M- 
4/P-4, Group 1 or 2), ER8OS-B2, 
through ~ in. Thick, As-Welded Con- 
dition, '/8 through ¼ in. Thick, PWHT 
Condition, Primari ly  Pipe Applica- 
tions.Approval date: December 8, 1999. 

B2.1-4-218:1999, Standard Welding 
Procedure Specif ication (WPS) f o r  
Shielded Metal  Arc Welding o f  
Chromium-Molybdenum Steel (M- 
4/P-4, Group 1 or 2), E8018-B2, 
through I/2 in. Thick, As-Welded Con- 
dition, ~ through 1'/2 in. Thick, PWHT 
Condition, Pr imar i ly  Pipe Applica- 

tions. Approval date: December 8, 
1999. 

B2.1-4-219:1999, Standard Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding Followed 
by Shielded Metal  Arc Welding o f  
Chromium-M ol y bde num  Steel (M- 
4/P-4, Group 1 or 2), ~ through  
in. Thick, As-Welded Condit ion,  
through l'/2in. Thick, PWHT Condi- 
tion, ER8OS-B2 and  E8018-B2, Pri- 
mar i ly  Pipe Appl icat ions.  Approval 
date: December 8, 1999. 

B2.1-4-220:1999, Standard  Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding (Consum- 
able Inser t  Root)  o f  Chromium-  
Molybdenum Steel (M-4/P-4, Group 
1 or 2), E8018-B2, V8 through '/2 in. 
Thick, As-Welded Condit ion,  
through ¼ in. Thick, PWHT Condi- 
tion, IN515 and  ER80S-B2, Primar- 
ily Pipe Applications.Approval date: 
December 8, 1999. 

B2.1-4-221:1999, Standard  Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding (Consum- 
able Inser t  Root)  Followed by 
Shielded Metal  Arc Welding o f  
Chromium-M ol y bde num  Steel (M- 
4/P-4, Group 1 or 2), ~ through 
in. Thick, As-Welded Condit ion,  
through 1'/2 in. Thick, PWHT Condi- 
tion, IN515, ER8OS-B2 and  E8018- 
B2, Primari ly  Pipe Applications.Ap- 
proval date: December 8, 1999. 

B2.1-5A-222:1999, Standard Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding o f  
Chromium-M ol y bde num  Steel (M- 
5A/P-5A), ER9OS-B3, ~ through '/2 in. 
Thick, As-Welded Condit ion,  
through ¼ in. Thick, PWHT Condi- 
tion, Pr imar i l y  Pipe Appl icat ions.  
Approval date: December 8, 1999. 

B2.1-5A-223:1999, Standard Welding 
Procedure Specif ication (WPS) f o r  

Shielded Metal  Arc Welding o f  
C h r o m i u m - M o l y b d e n u m  Steel (M- 
5A/P-5A),  E9018-B3, t/8 t h r o u g h  '/2 
in. Thick, As-Welded Condit ion,  
through 11/2 in. Thick, PWHT Condi- 
tion, Pr imar i l y  Pipe Appl icat ions.  
Approval date: December 8, 1999. 

B2.1-5A-224:1999, Standard Welding 
Procedure Speci f icat ion (WPS) f o r  
Gas Tungsten Arc Welding Followed 
by Shielded Metal  Arc Welding o f  
Chrom i um - M ol y bde num  Steel (M- 
5A/P-5A), '/8 through ½ in. Thick, As- 
Welded Condition, ~ through 1~ in. 
Thick, PWHT Condit ion,  ER9OS-B3 
and Ego 18-B3, Primarily Pipe Appli- 
cations.Approval date: December 8, 
1999. 

B2.1-5A-225:1999, S tandard  Weld- 
ing Procedure Specif ication (WPS) 

f o r  Gas Tungsten Arc Welding (Con- 
s u m a b l e  Inser t  Root)  o f  
C h r o m i u m - M o l y b d e n u m  Steel (M- 
5A/P-5A), ~ through ~ in. Thick, As- 
Welded Condition,  ~ through ~¼ in. 
Thick, PWHT Condition, IN521 and  
ER9OX-B3, Pr imar i ly  Pipe Applica- 
t ions.  Approval  date: December  8, 
1999. 

B2.1-5A-226:1999, Standard Welding 
Procedure Specif ication (WPS) f o r  
Gas Tungsten Arc Welding (Consum- 
able Inser t  Root)  Followed by 
Shielded Metal  Arc Welding o f  
Chrom i um - M ol y bde num  Steel (M- 
5A/P-5A), ~ through ~ in. Thick, As- 
Welded Condition, ~ through 1'/2 in. 
Thick, PWHT Condit ion,  IN521, 
ER9OS-B3, and  E9018-B3, Primari ly  
Pipe Applications. Approval date: De- 
cember 8, 1999. 

CI . IM/CI . I :2000 ,  R e c o m m e n d e d  
Practices for  Resistance Welding. Ap- 
proval date:January 31, 2000. 

C4.5M:2000, Uniform Designat ion  
System for  Oxyfuel Nozzles.Approval 
date: February 2, 2000. 
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I 
N E W S 

I n s t ruc to r  Jack  Paige, right, 
awarding  the AWS Boston Section's 
$500 scholarship to s tudent  Brian 
Hemingway.  

Guest speaker Frank G.Armao, left, 
wi th  New Jersey Section m e m b e r  
Bob Bartley. 

Guest speaker Tom Pumphre); right, 
wi th  Lincoln Electric colleague 
Seann Bradley a t  the Long Is land 
Section "s February meeting. 

Gloucester Co. Vo-Tech welding instructor Dan Roskiewich, right, 
with some o f  his students at  the Philadelphia Section's February 
meeting. 

D I S T R I C T  I 
D i r e c t o r :  G e o f f r e y  H. P u t n a m  

P h o n e :  ( 8 0 2 )  4 3 9 - 5 9 1 6  

• BOSTON 
JANUARY 10 
Speakers: B r i a n  Su l l ivan ,  district 
manager, and B r e n d a n  McLel lan ,  
sales representative. 
Affi l iat ion :The Lincoln Electric Co. 
Topic: GMAW waveforms and their  
practical applications. 
Activities: Members participated in 
demonstrations of a surface tension 
transfer system, pulsed  spray arc 
system and wave designer software. 
Brian Hemingway was awarded a 
$500 scholarship. 

Guest  speaker  Dennis  Kl ingman,  center, Ba- 
yard  DeMaillie,  left, and  Seann Bradley, all 
f r o m  The L incoln  Electr ic  Co., a t  the Long 
Is land Section's J a n u a r y  meet ing  

D I S T R I C T  2 
D i r e c t o r :  A l f r e d  F. F l e u r y  

P h o n e :  ( 7 3 2 )  8 6 8 - 0 7 6 8  

• LONG ISLAND 
JANUARY 13 
Speaker: D e n n i s  K l i n g m a n ,  direc- 
tor of technical training. 
Af f i l ia t ion:  The Lincoln Electr ic  
Co., Cleveland, Ohio. 
Topic:Welding in the motor  sports 
industry. 

FEBRUARY 10 
Speaker: T o m  P u m p h r e y .  
Affi l iat ion:The Lincoln Electric Co. 
Topic: Fume extraction equipment.  

• PHILADELPHIA 
FEBRUARY 7 
Speaker: Pat  Belsole .  
Affil iation: Hypertherm. 
Topic: Plasma arc cutting 

• NEW JERSEY 
FEBRUARY 15 
Speaker:  F r a n k  G. A r m a o ,  sr. ap- 
plication engineer. 
Affi l iat ion:The Lincoln Electric Co. 
Topic: Aluminum fabr icat ion and 
welding;  GTAW and GMAW alloys 
and how they differ; CV vs. CC vs. 
pulsed  GMAW proper t i e s  of  alu- 
minum and how they  affect weld- 
ing; and controlling the output wave 
shape. 
Ac t i v i t y :Th i s  was a joint  mee t ing  
with ASM International. 
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Southwest  Virginia Section Chair- 
man  Claude Holcomb, left, with 
Tower Automot ive  product ion su- 
pervisor Mike Grimm at the Sec- 
tion,s January tour 

D I S T R I C T  3 
D i r e c t o r :  C l a u d i a  B.  K a u f m a n  

P h o n e :  ( 7 1 7 )  2 5 2 - 9 7 8 7  

• YORK-CENTRAL PENNSYLVANIA 
JANUARY 6 
Speaker: S h i r l e y  Bo l l i nge r ,  past 
president. 
Aff i l iat ion:  American  Welding So- 
ciety, Miami, Fla. 
Topic: Experiences as an AWS presi- 
dent, and what the future holds for 
AWS 
Activity: Plaques and cer t i f ica tes  
were awarded to Past Section Chair- 
men for years of service. 

D I S T R I C T  4 
D i r e c t o r :  R o y  C.  L a n i e r  
P h o n e :  ( 9 1 9 )  3 2 1 - 4 2 8 5  

• SOUTHWEST VIRGINIA 
JANUARY 19 
Activity: The Sect ion toured the 
Tower  Automot ive  plant in 
Roanoke,Va. 

FEBRUARY 16 
Act iv i t ies:The Section visi ted the 
Volvo Trucks, N. A., facility in 
Dublin,Va. District 4 Director  R o y  
L a n i e r  p re sen ted  a plaque of  ap- 
p rec ia t ion  to Chairman C l a u d e  
H o l c o m b .  

D I S T R I C T  5 
D i r e c t o r :  B o r i s  A. B e r n s t e i n  

P h o n e :  ( 7 8 7 )  8 8 3 - 8 3 8 3  

• SOUTH FLORIDA 
FEBRUARY 3 
Speakers: David  J.  Landon ,  corpo- 

Florida West Coast Chairman AI Se- 
dory, right, presenting a speaker's 
award to Ed Beck. 

Florida West Coast Chairman AI Se- 
dory, left, presenting a speaker's 
award to David Sprenkel. 

rate welding engineer. 
AJ~liation: Vermeer Manufacturing. 
Topic:Vermeer 's  w e l d e r  t ra in ing  
program and the company ' s  prod- 
uct line. 

• FLORIDA WEST COAST 
DECEMBER 8, 1999 
Speaker:  C a r l  M i l l e r ,  a c c o u n t  
manager. 
Affiliation: FANUC Robotics, Suwa- 
nee, Ga. 
Topic:An overview of welding work 
cells and part positioners. 
Activity: Walt  A r n o l d  was pre- 
sented with the District and Section 
Meritorious Awards. D a n  G o r d o n  
rece ived  the District  and Sect ion 
CWI of the Year Awards. 

JANUARY 12 
Speaker: Ed Beck. 
Affiliation: LAW Engineering. 
Topic: How to achieve the specified 
quality of welding. 

FEBRUARY 9 
S p e a k e r :  D a v i d  S p r e n k e l ,  
manage r .  
Affiliation: ITW Hobart Brothers. 
Topic: Metal cored electrodes. 

• SOUTH CAROLINA 
JANUARY 20 
Activity:The Section held its annual 

Southwest Virginia Section Chair- 
man  Claude Holcomb, left, receiv- 
ing a p laque  o f  appreciation f r o m  
District 4 Director Roy Lanier 

Florida West Coast chairman AI Se- 
dory, right, congratulating Walt 
Arnold on receiving the District and 
Section Meritorious Awards. 

Weld-A-Rama with new product dis- 
plays and demonstrations at Trident 
Technical College. 

D I S T R I C T  6 
D i r e c t o r :  G e r a l d  R. C r a w m e r  

P h o n e :  ( 5 1 8 )  3 8 5 - 0 5 7 0  

• NIAGARA FRONTIER 
JANUARY 13 
Activity:The Section held a Cut the 
Rail Contest. Many students from the 
BOCES welding class were present to 
try to win a cutting outfit. Bill Han ly  
won first place with a time of 52 s. 
The Section provided pizza and soft 
drinks for all attending the contest. 

• OLEAN-BRADFORD 
JANUARY 18 
Speaker: Steve Mazur.  
Affiliation: Cooperheat.  
Topic: Local stress relief. 

D I S T R I C T  7 
Director :  La r ry  C. H e c k e n d o r n  

Phone:  (614)  4 5 7 - 2 6 4 0  
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South Carolina Section Iqrst Vice 
Chairman Tom Huckabee, left, and 
Chairman Bill Lindsey a t  the Sec- 
tion's annual  Weld-A-Rama. 

Olean-Bradford Section Chairman 
Rich DePue, right, wi th  gues t  
speaker Steve Mazur, center, and J im 
Cartwright. 

Chattanooga Section Chairman L. 
Richard Daffron, left, t hank ing  
guest  speaker Wayne Turner 

Ladies f r o m  the Nashvil le  Section at the Holiday Party/Ladies '  Night  func-  
tion, where they were each presented with a crystal Christmas bell. 

D I S T R I C T  8 
D i r e c t o r :  H a r r e l l  E.  B e n n e t t  

Phone:  ( 4 2 3 )  4 7 8 - 3 6 2 4  

• NASHVILLE 
DECEMBER 18, 1999 
Activi t ies:  The Section held its An- 
nual Holiday Party/Ladies' Night.A 
special award was presented to Past 
Chairman Roy Petty, and Christmas 
bells were  presented  to all w o m e n  
attending the event. 

• MEMPHIS 
JANUARY 6 
Speaker: Cra ig  H u m p h r e y s ,  sales 
representative. 
Affiliations: Hypertherm. 
Topic: Plasma cutting techniques. 

• CHATTANOOGA 
JANUARY 20 
Speaker:  W a y n e  T u r n e r , q u a l i t y  
engineer. 
Affil iation: ABB Combustion. 
Topic:Weld p o w e r  supply mainte-  
nance. 

• NORTHEAST MISSISSIPPI 
JANUARY 20 
Ac t i v i t i e s :The  Sect ion toured  the 
Flexsteel  plant  in Starkville, Miss. 
The Section's Nominating Commit- 
tee was selected for next year. 

D I S T R I C T  9 
D i r e c t o r :  O . J .  T e m p l e t  

P h o n e :  ( 2 2 5 )  3 4 3 - 4 8 0 6  

• MOBILE 
NOVEMBER 18, 1999 
Act iv i ty:The Section held its schol- 
arship drawing. The Lincoln Elec- 
tric Co. and Miller Electric Mfg. Co. 
each donated  a we ld ing  machine  
for the raffle.All proceeds  went  to 
the Sect ion Scholarship Fund. 
D a r y l  S t e i n e r  won  the Miller 
e q u i p m e n t  and L a r r y  M a r t i n  re- 
ceived the Lincoln equipment.  

JANUARY 20 
Speaker: W i l l i a m  B. "Bi l l"  S m i t h  
llI, vice pres ident /di rector  of tech- 
nical services. 
Affil iation: IPSCO Steel, Axis,Ala. 

Raffle winner  Daryl Steiner, left, ac- 
cepting his new  welding machine  
f rom  Mobile Section Chairman Mike 
Barnett. 

Topic: New IPSCO Steel mini-mill  
under  cons t ruc t ion  in the Mobile 
area. 

• NEW ORLEANS 
JANUARY 18 
Speaker: J e r e m y  Barr.  
Affiliation:Air Liquide America Corp. 
Topi~. Benefits of the AWS scholarships. 

DISTRICT  I 0 
D i r e c t o r :  V i c t o r  Y. M a t t h e w s  

Phone:  ( 2 1 6 )  3 8 3 - 2 6 3 8  

• CLEVELAND 
NOVEMBER 9, 1999 
Speaker: C h i p  Rathwell. 
Affi l iation: Lorain County Commu- 
nity College 
Act iv i ty :  The Sect ion toured  the 
Stockie Humanit ies  and Fine Arts 
Center  where  there was an exhibi- 
tion of welded art. 

JANUARY 11 
Act iv i ty :  The Sect ion toured  The 
Lincoln Electr ic  Co. plant  to see 
new techno log ies  in a luminum 
welding,  plasma cutt ing,  GTA and 
GMA welding. 
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Top Ten Reasons to be an AWS Member: 

I. The prestige of being an AWS member is knowing that you belong to 
the premier society for materials joining professionals. 

2. To build your network of peers and professionals by attending local 
Section meetings and utilizing the AWS bulletin board. 

3. Because the Welding Journal provides invaluable information through 
informative articles, charts, graphs, and pictorials. 

4. To receive a substantial 25% discount on all AWS publications and deep 
discounts on training events. 

5. Because learning opportunities through ourAWS seminars and conferences 
allow you to make important contacts and increase knowledge. 

6. To advance your career using R~sum~-L/nk, AWS' exclusive r6sum~ 
referral service. 

7. To gain access to technical knowledge with 200+ publications available. 
8. For discounts on travel accommodations, insurance and more. 
9. To strengthen your leadership skills by serving as a Section officer or 

committee member. 
10. To encourage the next generafJon with AWS scholarships through the 

AWS Foundation and discounted student memberships. 

PRIZE CATEGORIES 

President's Honor Roll: 
Recruit 1-5 regular new members and receive an AWS Key 
Chain and 25 AWS Dollars. 

President's Club: 
Recruit 6-10 regular new members and receive American 
Welder TM Gear engraved crystal mug and 50 AWS Dollars. 

President's Roundtable: 
Recruit 11-19 regular new members and receive an AWS 
T-shirt and 100 AWS Dollars. 

President's Guild: 
Recruit 20 or more regular new members and receive 
"Shdton gitter Member Proposer Award" certificate 
plaque, one year free membership, 250 AWS Dollars and 
membership in the Winner's Circle. 

Winner's Circle: 
All members who recruit 20 or more new members will 
he honored with a profile in the WeldingJournd, a spot- 
light at the annual Awards Ceremony and recognition in 
the AWS Membership booth at the AWS Expo. 

SPECIAL PRIZES 
Participants will also be eligible to win prizes in special- 
ized categories. Prizes will be awarded at the close of the 
Millennium Campaign. 

Sponsor of the Year: 
The individual who sponsors the greatest number of new, 
full members during the campaign will receive a plaque, 
an all-expense-paid trip for two to the 2001 AWS Expo in 
Cleveland, a free membership renewal and recognition at 
the Awards Luncheon at the Exposition. 

Student Sponsor Prize: 
Student members who sponsor two or more new student 
members will receive an AWS T-shirt. The AWS member 
who sponsors the most student members will receive a 
free one-year AWS membership and 100 AWS Dollars. 

International Sponsor Prize: 
Each member residing outside of the United States, 
Canada and Mexico sponsoring at least one new member 
receives a complimentary AWS membership renewal and 
100 AWS Dollars. 

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 August and November 1999, as well as in 
February and June 2000. 
Prizes Include: 
• Swiss Army Knife 
• 1-page, black/white ad in the Welding Journal 
• Complimentary AWS membership renewal 
• 100 AWS Dollars, good toward the future purchase 

of any AWS-produced offering such as a publication, 
conference, seminar, or certflication exam. 

• American Welder TM Gear 
• AWS Key Chain 

SUPER SECTION CHALLENGE 
The Sections in each District that achieve the highest net 
percentage increase and the largest numerical increase 
(respectively) before the June 2000 deadline will each win 
a prize of 500 AWS Dollars. 

AmericanWel!ing Society 
Visit our website http://www.aws.org 



Mobile Section Chairman Johnny  
Dedeaux, right, presenting a 
speaker's plaque to Bill Smith. New Orleans members during their January meeting. 

Cleveland Section members admiring a 
welded sculpture during their Novem- 
ber tour o f  the Stockie Humanities and 
Fine Arts Center. 

FEBRUARY 8 
Activit ies: The Sect ion hos ted  a 
Q&A session. Panel member s  in- 
c luded D a n  Warde ,  P h i l  
G o y e t c h i e ,  Bob  G a r d n e r ,  Bob  A. 
L i e k a n d r o v i c  and Mark  H a y n e s .  
District 10 Director Vie M a t t h e w s  
p resen ted  Sect ion awards to Bob  
Gardner and Tom Hunt. 

• MAHONING VALLEY 
JANUARY 27 
Activity:  The Sect ion held  the 
year 's first meet ing  of  the off icers  
and Exective Commit tee  members  
to plan the remainder of the year. 
Note: The Sect ion would  like to 
thank its 1999/2000 donors  for 
their  patronage.  The donors  are 
Brilex Industries, Inc.; Columbiana 
Boiler, Inc.; Girard Machine Co., 
Inc.; Lyco Manufacturing; Oliver  
Steel; Praxair; Roth Brothers;  Steel 
Craft, Inc.; Cedar Steel; Fab Art; Lib- 
er ty Fabricat ing and Steel; North- 
east Fabricators, Inc.; O'Neal Steel; 
Rance Industries,  Inc.; Specialty 
Fab;AGA Gas; and Uni-Fab Inc. 

Cleveland Section Education Chair- 
man Paul Null, left, discussing new 
welding techniques with an em- 
ployee o f  The Lincoln Electric Co. 
during the Section's January tour 

• CENTRAL MICHIGAN 
JANUARY 18 
Speaker: Steve Ivkov i t ch ,  partner. 
Aff i l iat ion: Impact  Engineering,  
Inc., Jackson, Mich. 
Topic: GMAW monitoring systems. 

D I S T R I C T  I I 
D i r e c t o r :  S c o t t  C.  C h a p p l e  

P h o n e :  ( 9 1 3 )  2 4 1 - 7 2 4 2  

• NORTHERN MICHIGAN 
JANUARY 25 
Speaker: D o n a l d  E. J e n k i n s , a c -  
count manager, welding sales. 
Affiliation: FANUC Robotics. 
Topic:What's new in robotic  weld- 
ing and cutting. 

• UPPER PENINSULA 
OCTOBER 20, 1999 
Activity:  The Sect ion toured  the 
Dairy Equipment  Co. (DEC) manu- 
factur ing plant.  Twenty-one stu- 
dents from Madison Area Technical 
College attended. 

FEBRUARY 8 
Speaker: Pat O 'Hara ,  campus dean. 
Aff i l iat ion: Northeas t  Wisconsin 
Technical College. 
Activity:The Section toured the col- 

Cleveland Section First Vice Chair- 
man Richard Harris, left, with Past 
Chairman Jim Myers. 

lege and Wisconsin Job Center dur- 
ing a joint  mee t ing  wi th  the local 
International Maintenance Institute 
chapter. 

D I S T R I C T  12 
D i r e c t o r :  M i c h a e l  D. K e r s e y  

P h o n e :  ( 2 6 2 )  6 5 0 - 9 3 6 4  

• LAKESHORE 
JANUARY 19 
Speaker: P h i l l i p  J .  F i e d l e r ,  sys- 
tems control manager. 
Affiliation: Genesis Systems. 
Topic: Developments in information 
management  for robot ic  weld ing  
systems. 

D I S T R I C T  1 3 
D i r e c t o r :  J .  L. H u n t e r  

( 3 0 9 )  8 8 8 - 8 9 5 6  

• ILLINOIS VALLEY 
JANUARY 27 
Speaker: Gary  Kl ingel ,  test and re- 
suits engineer. 
Affiliation: Illinois Power Generat- 
ing Plant. 
Activi t ies:Awards were  presented  
at dinner  by District 13 Director  
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Lakeshore Section Chairman Lee 
Dahlen, right, t hank ing  gues t  
speaker Phillip Fiedler 

Tulsa Section member  and welding 
instructor  John Knapp, right, wi th  
Chad Barber, one o f  his students, 
who received a $500 scholarship 

f rom  the Section. 

J e s s e  Hunter  to Joe  Piano,  
Bernard P i o t r o w s k i  and Louis 
Galass i  (accepted by Pat  Galass i )  
for their dedication to the Section. 
After dinner, members toured the Illi- 
nois Power Generating Plant, which 
is a fossil-fueled generating plant. 

D I S T R I C T  14 
Director: Hil Bax 

Phone: (314)  6 4 4 - 3 5 0 0 ,  ext. 105  

• MISSISSIPPI VALLEY 
NOVEMBER 11, 1999 
Speaker: David  Essig. 
Af f i l ia t ion:AWS Mississippi Valley 
Section Chairman. 
Activ i ty:The results of a survey dis- 
t r ibu ted  at the October  meet ing  
were discussed. Dates for plant  
tours and speakers were arranged. 

JANUARY 20 
Speaker: David  Essig. 
Af f i l ia t ion:AWS Mississippi Valley 
Section Chairman. 
Act iv i ty :The  agenda for the rest of 
the year was discussed. Roge r  
G u y e r  was appoin ted  act ing vice 
chairman until  June. 

• ST. LOUIS 
JANUARY 20 
Activi ty:The Section was hosted by 

From left to right are, Manny  Ser- 
vantes, Tom Novak, Ben Thompson, 
Don Bego and Claude Cooper at  the 
St. Louis Section'sJanuary p lant  tour 

Tulsa Section First Vice Chairman 
Shannon Fanning with John Allison, 
left, and  Alex  Thurocy, right, o f  the 
Tulsa Technology Center, Riverside 
Campus. 

Chrysler  and toured the Dodge 
four-door truck production line. 

• NORTHERN PLAINS 
JANUARY 13 
Speaker: L y n n  Mead, shielding gas 
specialist 
Affil iation: Praxair, Fargo, N.D. 
Topic: Shielding gas se lect ion fac- 
tors, in f luences  on profitability, 
quality and fume generation. 
Act iv i ty :  Section Chairman T i m  
Schwartz  presen ted  the District  
Private Sector Educator Award to 
First Vice Chairman Dave Lynnes .  

FEBRUARY 16 
Speakers:  G a r y  Hart, J o e  Lam- 
b r e c h t  and Mark Salz. 
Affiliations: MG Industries,Thermal 
Dynamics and Miller Electric Mfg. Co. 
Topic:A roundtab le  discussion of 
t rends  and issues conce rn ing  the 
welding industries,  as well as new 
equipment.  

D I S T R I C T  1 5 
D i r e c t o r :  J .  D.  H e i k k i n e n  

P h o n e :  ( 2 1 8 )  7 4 1 - 9 6 9 3  

Northern Plains First Vice Chairman 
David  Lynnes gives a dif ferent 
shielding gas a try as Mick Tronson 
o f  Praxair observes. 

East Texas Chairman Yoni Adonyi, 
right, with guest speaker John Barsom. 

D I S T R I C T  16 
Direc tor :  C. F. B u r g  

P h o n e :  ( 5 1 5 )  2 9 4 - 5 4 2 8  

• NEBRASKA 
JANUARY 20 
Act iv i ty :  Section members  toured 
the Fort Calhoun Nuclear Power 
Station. 

D I S T R I C T  1 7 
D i r e c t o r :  O r e n  P. R e i c h  
P h o n e :  ( 2 5 4 )  8 6 7 - 2 2 0 3  

0TULSA 
JANUARY 11 
Act iv i ty:The Section held a regular 
month ly  execut ive meet ing.  Chad 
Barber and Clay Simmons, both stu- 
dents  at Tulsa Technical  Center, 
Lemly Campus, were presen ted  
with $500 scholarships. 

JANUARY 25 
Speaker:  Alex  T h u r o c y ,  evening 
superintendent .  
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Houston Section Foundation Repre- 
sentat ive  Angie Hill Price looks on 
as, f rom  right, Second Vice Chairman 
Chris Bloch presents scholarships to 

Joel Schmitz  and Jason Howell. 

Posing with their awards at  the San 
Antonio Section "s February meeting 
are, f r o m  left, Peter Johnston,  Dis- 
trict 18 Director f l m  Appledorn and 
Ramond  Madrid. 

A f f i l ia t ion  :Tulsa Technology  Cen- 
ter, Riverside Campus (TTC-RC). 
Topic:The Mission of TTC-RC 
Act iv i ty :  The Sect ion toured  the 
TTC-RC facilities. 

• EAST TEXAS 
JANUARY 20 
Speaker:  J o h n  B a r s • m ,  research 
fellow (retired). 
Affiliation: U.S. Steel, Pittsburgh, Pa. 
Topic: Legal and ethical  implica- 
tions of  weld failures. 

DISTRICT 18 
D i r e c t o r :  J .  M.  A p p l e d o r n  
P h o n e :  ( 2 8 1 )  8 4 7 - 9 4 4 4  

OHOUSTON 
JANUARY 19 
Speaker: D o n  Burgar t .  
Affi/t2~t~n: Ransome Co., Houston,Tex. 
Topic: New developments  in fixtur- 
ing, pos i t ion ing  and au tomated  
welding applications. 

FEBRUARY 16 
Speaker: Vic Lub ien ieck i .  
Affil iation: ArcSmith, Dallas,Tex. 
Topic: Safe opera t ion  of  oxyfucl  
equipment  and regulators. 

Houston Section Second Vice Chair- 
m a n  Chris Bloch, right, presents  a 
speaker's gift  to Vic Lubieniecki. 

Southern Colorado Section guest  
speaker  Myron Delgado demon- 
strating heat ing and  cutt ing using 
alternative fue l  gases. 

Act iv i ty:The Section held Student's 
Night.Texas A&M mechanical  engi- 
neer ing  and weld ing  s tudents  at- 
tended the meeting. 

• SABINE 
JANUARY 20 
Speaker:  D e n n i s  Pearson,  vice 
president. 
Aff i l iat ion:  Car-Ber Testing, Sarnia, 
Ontario, Canada. 
Topic: Hydrostatic Testing. 
Act iv i ty :  Distr ict  18 Direc tor  J i m  
A p p l e d o r n  presented  the District 
CWI of  the Year Award to A l t o n  
W o l f . J a m e s  A m y  received the Dis- 
t r ict  Meri tor ious  Award. M o r r i s  
Weeks was honored  with  the Dis- 
trict Educator Award. 

FEBRUARY 17 
Speaker: Dav id  Wals ton.  
Affil iation: Occ-Med Systems, Beau- 
mont,Tex. 
Topic: Industrial terrorism. 
Act iv i ty :  Nominat ions  for next  
year 's  off icers  and d i rec tors  were  
announced. 

• SAN ANTONIO 
FEBRUARY 10 
Speaker:  J a m e s  A p p l e d o r n ,  Dis- 
trict 18 Director. 
Af f i l ia t ion:  AWS, and The Lincoln 
Electric Co. 

District 18 Direct•r  J im Appledorn, 
right, present ing  the District  Meri- 
torious Award  to James  A m y  o f  the 
Sabine Section. 

Topic:A "virtual tour" of  AWS head- 
quarters ,  its depar tments  and per- 
sonnel, and the latest developments  
in GMAW utilizing the surface ten- 
sion transfer process. 
Act iv i ty :  P e t e r  J o h n s t o n  was 
awarded with a 25-Year AWS Silver 
Cert i f icate  and R a m • r i d  M a d r i d  
received the CWI of theYearAward. 

DISTRICT 19 
Director:  R. D. (Rich)  Kel lum 

Phone:  ( 5 4 1 )  9 2 4 - 0 1 8 8  

• OREGON 
FEBRUARY 1 
Speaker: F r a n k  A r m a o .  
Affi l iat ion:The Lincoln Electric Co. 
Topic: F u n d a m e n t a l s  and r e c e n t  
d e v e l o p m e n t s  in GMA w e l d i n g  
aluminum. 

DISTRICT 20 
D i r e c t o r :  N e i l  R. Kirsch  

P h o n e :  ( 9 7 0 )  8 4 2 - 5 6 9 5  

• SOUTHERN COLORADO 
FEBRUARY l 
Speaker: M y r o n  Delgado .  
Affil iation: Harris Calorific. 
Topic: Heating and cutting using al- 
ternative fuel gases. 

DISTRICT 21 
D i r e c t o r :  F. R.  S c h n e i d e r  
P h o n e :  ( 6 1 9 )  6 9 3 - 1 6 5 7  
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San Francisco Chairman Mike Urioste, 
right, w i t h  g u e s t  speaker  B r i a n  B ay  
a n d  Lisa Thomas  a t  the Section's j o i n t  
meet ing  wi th  ASM In terna t iona l  

DISTRICT 22 
D i r e c t o r :  M a r k  B e l l  

P h o n e :  ( 2 0 9 )  3 6 7 - 1 3 9 8  

• SAN FRANCISCO 
JANUARY 12 
Speaker. Brian K. Bay, asst. professor. 
Af f i l ia t ion:  University of California - 
Davis, Department of Orthopedic 
Surgery. 
Topic: Digital volume correlation. 
A c t i v i t y : T h i s  was a joint  mee t ing  
with ASM International. 

FEBRUARY 2 
S p e a k e r :  A n d r e  M. Lopez ,  struc- 
tural welder, owner. 
A f f i l i a t i o n : A l l  Metals Welding, San 

S a n  Franc i sco  g u e s t  s p e a k e r  A n d r e  
M. Lopez  d e m o n s t r a t e s  FCAW. 

Francisco, Calif. 
Topic: FCAW using AWS A520: E7IT-8. 
A c t i v i t y : D o u g  Williams rece ived  
the CWI of the Year Award. 

S T U D E N T  

A C T I V I T I E S  

• MADISON-BELOIT 
OCTOBER 20 
A c t i v i t y : T w e n t y - o n e  students from 
the Madison Area Technical College 
toured  the Dairy Equipment  Co. 
plant. Dairy Equipment Co. is a man- 
ufacturer  of  stainless steel milking 
systems and tank coolers. 

S t u d e n t  m e m b e r s  f r o m  the  M a d i s o n  A r e a  Techn ica l  College d u r i n g  a p l a n t  
t our  o f  the  D a i r y  E q u i p m e n t  Co. 

S E C T I O N  
C A L E N 

• DELAWARE MAY 11 
All meetings are held the second Wednes- A c t i v i t y : A w a r d s  night. 
day o f  each month. 

APRIL 12 
Speaker :  R i c h a r d  B r e n n a n .  
Topic: DOT and HAZMAT. 
L o c a t i o n :  McGlynn's Pub and Restau- 
rant in People's Plaza, Glasgow, Del. 

MAY 10 
A c t i v i t y :  Student /Vendor  Night and 
WeldingTruck Competi t ion at Delcas- 
tie Technical  High School,  Wilming- 
ton, Del. 

• LONG ISLAND 
Dinner  meetings held a tAntuns ,  244 Old 
Country  Rd., Hicksville,  N.Y., te lephone 
(516) 681-3300.A social hour  wi th  open 
bar  a n d  hors  d 'oeuvres  begins  a t  6:00 
p.m., d inner  at  7:00p.m. and  the presen- 
ration at  8:00p.m. 

APmL 13 
Topic: Electric Boat. 

E V E N T S  
D A R 

at Lake Tia 'O' Khata, Louisville, Miss., 
fo l lowed by a tour  of  the Taylor Ma- 
chine facility. 

• MOBILE 
Meetings will  be held on the third Thurs- 
day o f  each month f rom September through 
May. Unless otherwise noted, social hour  
begins at 6"OOp.m., dinner at  6.'30p. m. and  
the evening's speaker at  7.'30 p.m. 

APRIL 20 
Act i v i t y :  Plant tour. 
L o c a t i o n :  Bender Shipbuilding & Re- 
pair Co., Inc. 

MAY 16 
Act iv i t i e s :  End-of-year activities. Elec- 
tion of officers, District Conference 
recap, presentation of Section scholar- 
ships and awards, recognit ion of  past 
chairmen and special service members. 

• NORTHEAST MISSISSIPPI  

MAY 12 
A c t i v i t y : T h e  Section will hold its din- 
ner  mee t ing  at Bill & Jim's  in Ab- 
erdeen,  Miss. It will be Ladies' Night 
and Officer Installation Night. 

• SANTA CLARA VALLEY 
Unless o therwise  noted, s ign-in f o r  the 
meetings is 6:30 to 7:00p.m., d inner  fol- 
lows a t  7:00 to 8:00 p.m. a n d  the 
evening 's  p re sen ta t ion  is f r o m  8.'00 to 
9:00p.m. a t  Harry's Hofbrau in San Jose. 

APRIL 11 
Speaker :  Bar ry  G o o d a c r e .  
Topic: United Airlines. 
L o c a t i o n :  High- temperature  brazing 
of  aerospace parts. 

APRIL 2 
A c t i v i t y : T h e  dinner  meet ing  will be 

230 I APRIL 200 



• 1999-2000 Member-Get-A-Member Campaign 

The f o r m a t  f o r  r e c o g n i z i n g  p a r t i c i p a n t s  in  the  A WS M e m b e r - G e t - A - M e m b e r  c a m p a i g n  h a s  c h a n g e d  f r o m  a "points  s y s t e m " t o  t h a t  
o f  a s y s t e m  w h e r e  m e m b e r s  are  r e c o g n i z e d  f o r  the  a c t u a l  n u m b e r  o f  m e m b e r s  t h e y  s p o n s o r  C a m p a i g n  categor ies  a re  o u t l i n e d  o n  p a g e  
2 2 5  o f  this  issue. 

I f  y o u  h a v e  a n y  q u e s t i o n s  r e gar d ing  y o u r  m e m b e r  p r o p o s e r  p o i n t s ,  p l e a s e  cal l  the  M e m b e r s h i p  D e p a r t m e n t  a t  ( 8 0 0 )  4 4 3 - 9 3 5 3  
ext. 269.  

W i n n e r ' s  C i r c l e  
( I n d i v i d u a l s  s p o n s o r i n g  2 0  or  m o r e  n e w  
m e m b e r s  b e g i n n i n g  J u n e  1, 1999. )  

J. D. Compton, San Fernando Vaaey - -  43 
N. C.WalI, S o u t h  F l o r i d a  - -  42 
E. H. E z e l l , M o b i l e  - -  28 
B.A. Mikeska, H o u s t o n  - -  24 

President's  G u i l d  
( I n d i v i d u a l s  s p o n s o r i n g  2 0  or  m o r e  n e w  

m e m b e r s  b e t w e e n  J u n e  1, 1999,  a n d  M a y  
31, 2 0 0 0 . )  

J. D. Compton, San Fernando Va//ey - -  43 
N. C.Wall, S o u t h  F l o r i d a  - -  42 
E. H. Ezell, M o b i l e  - -  28 
B.A. Mikeska, H o u s t o n  - -  24 

President 's  Roundtable  
( I n d i v i d u a l s  s p o n s o r i n g  1 1 - 1 9  n e w  
m e m b e r s  b e t w e e n  J u n e  1, 1999, a n d  M a y  
31, 2 0 0 0 . )  

W. L. Shreve, Fox V a l l e y  - -  17 
R. L. Peaslee, D e t r o i t  B & S - -  16 
R . W r a y ,  N e b r a s k a -  16 

President's  Club 
(Individuals sponson'ng 6 - 1 0  n e w  m e m b e r s  

be tween  J u n e  1, 1999, a n d  M a y  31, 2000.)  

W.  S t u r g e ,  N e w  Y o r k  - -  10 
W. R. Beck, R o c h e s t e r  - -  9 

R.J. Davis, N e w  O r l e a n s  - -  8 

P. Baldwin, P e o r i a  - -  8 

G.W.Taylor, P a s c a g o u l a  - -  8 

R. Morgan, N o r t h w e s t  O h i o  - -  8 

J.J. Daugherty, L o u i s v i l l e  - -  7 

EA.Juckem, M a d i s o n - B e l o i t  - -  7 

J.T Merzthal, P e r u  - -  7 

P. G. Childers, O k l a h o m a  C i t y  - -  6 

R. L. Fidge, B a t o n  R o u g e  - -  6 

J.Jones, N o r t h  T e x a s  - -  6 

J. H. Neal, E a s t e r n  C a r o l i n a s  - -  6 

R. Purvis, S a c r a m e n t o  - -  6 

E. S. Ruiz, P u e r t o  R i c o  - -  6 

H.T.Timmerman, C e n t r a l  T e x a s  - -  6 

S. O. Ufuah, N e w  Y o r k  - -  6 

S. R. Zwilling, L o u i s v i l l e  - -  6 

President's  H o n o r  Roll  
(Individuals  sponsoring 1 -5  n e w  m e m b e r s  
b e t w e e n  J u n e  1, 1999, a n d  M a y  31, 2000.  
Only those sponsor ing  2 or  m o r e  AW S  Reg- 
u lar  M e m b e r s  are l isted) 

C. L. Graves, D e l a w a r e  - -  5 

P. O'Leary, Eastern I d a h o ~ M o n t a n a -  5 

J. G. Pierce, C o l u m b u s  - -  5 

J. Saucier, P a s c a g o u l a  - -  5 

EJ.Wernet, L e h i g h  V a l l e y  - -  5 

G. W o o m e r ,  J o h n s t o w n - A l t o o n a  - -  5 

D. Fairchild, H o u s t o n  - -  4 

H.Jackson, L o s ~ n / t m d  Empke - -  4 
C. Lauridsen,F/or/da S p a c e  C o a s t -  4 

R. L. Ledford,Jr., B i r m i n g h a m  - -  4 

E. D. Levert, N o r t h  T e x a s  - -  4 

H. R. Madron, M a r y l a n d  - -  4 

W. L. Shreve, N o r t h w e s t  O h i o  - -  4 

K.  M . A l i ,  S a u d i  A r a b i a  - -  3 

B.A. Bernstein, P u e r t o  R t c o  - -  3 

C.A. Castille,Jr.,Acadiana - -  3 

A.  L. Cas t r o ,  P u e r t o  R i c o  - -  3 

C.T. Corey, N o r t h e r n  N. Y - -  3 

k DeFteitas, Santa Oara Vaaey - -  3 
W.GalveryJr.,Long B~,/Orange Cn/y - -  3 
G. Gavela, L . A . / l n l a n d  E m p i r e  - -  3 

R. Grays, K e r n  - -  3 

J. Knapp, T u l s a  - -  3 

E. H.  Ley,  P i t t s b u r g h  - -  3 

G. E. Mayfield, T u l s a  - -  3 

W. P. Miller, Jr., N e w  J e r s e y  - -  3 

J. W.  M o r r i s ,  M o b i l e  - -  3 

S. L. Petty, P e o r i a  - -  3 

J. D. Sanders, H o u s t o n  - -  3 

R.J. S a m a n i c h ,  N e v a d a  - -  3 

C. E Schiner, W e s t e r n  M i c h i g a n  - -  3 

J. H.  S m i t h , J r . , M o b i l e  - -  3 

J. K. Smith, T r i - R i v e r  - -  3 

B. H. Suckow, N o r t h e r n  P l a i n s  - -  3 

M. Uddin, P a k i s t a n  - -  3 

R. D. Zabel, S o u t h e a s t  N e b r a s k a  - -  3 

T. R.Alberts, S o u t h w e s t  V i r g i n i a  - -  2 

J. N. Carney, W e s t e r n  M i c h i g a n  - -  2 

J. Chaparro, M e x i c o  - -  2 

B.A. Chin, B i r m i n g h a m  - -  2 

D.V. Day, C o r p u s  C h r i s t i  - -  2 

J. M. DeDeaux, M o b i l e  - -  2 

H.W. Ebert, N e w  J e r s e y  - -  2 

J.A. Grantham, C o l o r a d o  - -  2 

D. L. Hatfield, T u l s a  - -  2 

J. P. Hennessy, F o x  V a l l e y  - -  2 

D. L. Horsman, T u l s a  - -  2 

J. W.  J ae ge r ,  S o u t h e r n  C o l o r a d o  - -  2 

K. E.Johnson, O l e a n o B r a d f o r d  - -  2 

R. S.Johnson, D e t r o i t  - -  2 

S. E.Johnson, C e n t r a l  T e x a s  - -  2 

W. H. Kielhorn, E a s t  T e x a s  - -  2 

D. Klingman, C l e v e l a n d  - -  2 

O. C. Kooi, M a l a y s i a  - -  2 

S. K .  C. IAu, C o l o r a d o  - -  2 

M.V. Medrano, S a n  D i e g o  - -  2 

G.Menser, Long BchJOrange Cnty. - -  2 
P. Mulville, S o u t h e r n  C o l o r a d o  - -  2 

TJ. Murphy, C a n a d a  - -  2 

N. Nakwek, T h a i l a n d  - -  2 

D.A. Nance, I n d i a n a  - -  2 

T. L. Newman, T r i - R i v e r  - -  2 

E. E. Norman, O z a r k  - -  2 

J. Norris, S a n g a m o n  V a l l e y  - -  2 

R.  N o r r i s ,  M a i n e  - -  2 

T. S. Nottingham, P u g e t  S o u n d  - -  2 

D.W. Parker, I d a h o / M o n t a n a  - -  2 

J. L. Padilla, M e x i c o  - -  2 

J. E. Pernell, L . A . / I n l a n d  E m p i r e  - - 2  

M. D. Pittman, S h r e v e p o r t  - -  2 

M. R. Pointer, S i e r r a  N e v a d a  - -  2 

G.A. Rubino, V e n e z u e l a  - -  2 

O. G. Shair-Ali, S a n  F r a n c i s c o  - -  2 

A.T. Sheppard, C l e v e l a n d  - -  2 

C. D. Smith, M o b i l e  - -  2 

A.W. Steven, M e m p h i s  - -  2 

M. D. Swigart, D a y t o n  - -  2 

M.Tait, LosAngeles/Inland E m p i r e  - -  2 

C.-L.Tsai, T a i w a n  - -  2 

M. R.Tryon, U t a h  - -  2 

D.J.Wohfeil, D e t r o i t  - -  2 

R.Worden,Jr., W a s h i n g t o n ,  D . C . -  2 

D.A.Wright, K a n s a s  C i t y  - -  2 

S t u d e n t  S p o n s o r s  
( I n d i v i d u a l s  s p o n s o r i n g  3 or  m o r e  A W S  
S t u d e n t  M e m b e r s  are  listed.) 

D. M. Boldt, P o r t l a n d  - -  39 
J. G. Owens, B a t o n  R o u g e  - -  24 
D. S e r r a n o ,  P u e r t o  R i c o  - -  21 
M. R.Anderson, I n d i a n a  - -  19 
K. R. Geist, P u g e t  S o u n d  - -  18 
P. G.Walker, O z a r k  - -  18 
P. Baldwin, P e o r i a  - -  15 
K.A. Ellis, M a r y l a n d  - -  13 
J.H.Smith,Jr.,Mob//e- 13 
W. P. Miller, Jr.,New J e r s e y -  11 
J.R.Cox, Norihern P l a i n s  - -  10 
J.D. Compton, San Fernando Va//ey - -  7 
W. Sturge,  L o n g  l s l a n d  - -  7 

S. P. S'rvisid, M a i n e  - -  6 

R.Grays,  K e r n  - -  5 

I~ I~ L e d f o r d , J r . B i r m i n g h a m  - -  5 

S. Green ,  N o r t h  T e x a s -  5 

M.TaiL LosAngeles/Inland E m p i r e  - -  4 
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G U I D E  T O  A W S  S E R V I C E S  
5 5 0  N . W .  L e J e u n e  R d . ,  M i a m i ,  FL 3 3 1 2 6  

P h o n e  ( 8 0 0 )  4 4 3 - 9 3 5 3 ;  T e l e x  5 1 - 9 2 4 5 ;  FAX ( 3 0 5 )  4 4 3 - 7 5 5 9  
I n t e r n e t :  w w w .  a w s .  o r g  

P h o n e  e x t e n s i o n s  a p p e a r  i n  p a r e n t h e s e s .  

AWS PRESIDENT 

Robert J.Teuscher, Manager, 
Welding Applications 

Airgas 
3574 Christy Ridge Rd. 

Sedalia, CO 80135 

ADMINISTRATION 

Executive Director 
Frank G. DeLaurier, CAE (210) 

Deputy Executive Directors 
Richard D. French (218) 
Jeffrey R. Hufsey (264) 

John J. McLaughlin (235) 

Assistant Executive Director 
Debbie A. Cadavid (222) 

Director of Quality Systems 
Linda K.Williams (298) 

Corporate Director of Finance/Controller 
Frank R.Tarafa (252) 

INFORMATION SERVICES 

Corporate Director 
Joe Cilli (258) 

HUMAN RESOURCES 

Director 
Luisa Hernandez (266) 

INTERNATIONAL INSTrFUTE 
OF WELDING 

Information (294) 

Provides liaison activities involving o the r  
professional societies and standards orga- 
nizations, nationally and internationally. 

GOVERNMENT LIAISON SERVICES 

Hugh K.Webster 
Webster, Chamberlain & Bean 

Washington, D.C. 
(202) 466-2976 

FAX (202) 835-0243 

Identifies sources  of funding for welding 
educat ion  and research & development .  
Monitors legislative and regulatory issues 
important  to the industry. 

WELDING EQUIPMENT 
MANUFACTURERS COMMITTEE 

Associate Executive Director 
Richard L.Alley (217) 

Corporate Director of Adminstrative Services 
Jim Lankford (214) 

Promotes  Society p rograms  and activities 
to AWS m e m b e r s ,  t he  w e l d i n g  c o m m u -  
nity and the general public. 

NEW PRODUCT DEVELOPMENT 

Corporate Director 
Debrah C.Weir (279) 

CONVENTION & EXPOSITIONS 
Exhibiting Information (221, 256) 

Managing Director 
Tom L Davis (231) 

Organizes the week-long annualAWS Inter- 
national Welding and Fabricating Exposi- 
t ion and Convent ion.  Regulates space  as- 
signments, registration materials and other  
Expo activities. 

PUBLICATION SERVICES 
Division Information (348) 

Managing Director 
JeffWeber (246) 

WELDING JOURNAL 

Publisher 
JeffWeber (246) 

Editor 
Andrew Culiison (249) 

National Sales Director 
Rob Saltzstein (243) 

WELDING HANDBOOK 

Welding Handbook Editor 
Annette O'Brien (303) 

Publishes AWS's month ly  magazine,  the  
Welding Journal,  which  provides informa- 
t ion on  the state of  the welding industry, 
its technology and Society activities. Pub- 
lishes the Welding H a n d b o o k  and books  
on  general welding subjects. 

MEMBER/CUSTOMER SERVICES 
Department Information (261) 

Managing Director 
Cassie R. Burrer (253) 

Assistant Director 
Rhenda A. Mayo (260) 

Serves as a liaison between Section members 
andAWS headquarters. Informs members about 
AWS benefits and other activities of interest. 

INDUSTRY ACTION COMMITrEE 

Associate Executive Director 
Charles R. Fassinger (297) 

COMMUNICATIONS 

Corporate Director, Communications 
Nannette M. Zapata (308) 

CERTIFICATION PROGRAMS/ 
BUSINESS DEVELOPMENT 

Director 
Anna Petroski (481) 

For customized certification and educational 
programs to industry and government. 

EDUCATION 

Director 
James R. Cunningham (219) 

Information on education products, projects 
and programs. CWI, SCWI and other seminars 
designed for assistance in Certification. Re- 
sponsible for the S.E.N.S.E. beginning welder 
program and dissemination of education infor- 
mation on the Web. 

CONFERENCES 

Director 
Giselle I. Rodriguez (278) 

Responsible for national and local conferences, 
seminars, individual corporate programs and 
home study courses on industry topics rang- 
ing from the basics to the leading edge of tech- 
nology. 

CERTIFICATION 
Information and application materials on cer- 
tifying welders, welding inspectors and edu- 
cators. (273) 

Managing Director 
Wendy S. Reeve (215) 

Awards & Fellows 

Managing Director 
Wendy S. Reeve (215) 

~ awards and AWS realow nominees 

TELEWELD 

FAX: (305) 443-5951 

For information about AWS technical publica- 
tions, contact the Technical Services personnel 
listed below. 

TECHNICAL SERVICES 
Department Information (340) 

Managing Director 
William R. Oates (299) 

Leonard P. Connor (302) Standards Activities 
Director, Qualification, Inspection, Food 

Processing Equipment 

Andrew R. Davis (466) international Standards 
Program Manager, Welding in Marine 

Construction 

Stephen P. Hedrick (305) Safety and Health 
Manager, Symbols and 

Engineers 

Hardy H. Campbell IlI (300) Structural 

Rakesh Gupta (301) Filler Metals 

O]ristopher B. Poll(xzk (304) Bmzir~ ~ 
Testing Railmads, C o m p ~  

Iranmlcmtati~ 

Tim Potter (309) Robotics,Joining of Metals 
and Alloys, Piping and Tubing, 

Friction Welding 

Melvin O. Kulp (314) Oxyfuel Gas Welding & 
Cutting,Arc Welding and Cutting, Machinery 

and Equipment,Welding Iron Castings 

olin L Gayler (472) Mettic Practkx~ Sheet Metal, 
Plastics and ~ ~ Qualification 
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ORDER DEPARTMENT 
(800) 334-9353 
(305) 443-9353 

Publication orders. 
Seminar and conference registrations. 

Ed E Mitchell (254)Thermal  Spray, High- 
Energy Beam Welding and Cutting, Re- 

sistance Welding, Automotive, Aerospace 

Senior  PubUcaUons Coord ina to r  

Rosalinda O'Neill (451) 

AWS publishes more than 160 volumes of 
material, including standards that are used 
throughout the industry. 

With regard to technical inquiries, oral opin- 
ions on AWS standards may be rendered. How- 
ever, such opinions represent only the per- 
sonal opinions of the particular individuals 
giving them.These individuals do not speak 
on behalf of AWS, nor do these oral opinions 
constitute official or unofficial opinions or in- 
terpretations ofAWS. In addition, oral opinions 
are informal and should not be used as a substi- 
tute for an official interpretation. 

It is the intent of the American Welding 
Society to build the Society to the highest 
quality standards possible. We welcome any 
suggestions you may have. 

Please contact any of the staff listed on 
the previous page or AWS President Robert 
J. Teuscher, Airgas, 306 S. Chestnut, Colorado 
Springs, CO 80905. 

A W S  F O U N D A T I O N ,  I N C .  

550  N.W. LeJeune  Rd. 
Miami ,  FL 3 3 1 2 6  
(305)  445 -6628  

(800 )  443-9353 ,  ext .  293  
O r  e-mail :  b o b w @ a w s . o r g  

C h a i r m a n ,  Board  o f  T r u s t e e s  
R o n a l d  C. P i e rce  

E x e c u t i v e  D i r e c t o r  
Frank  G. DeLaur ier ,  CAE 

D i r e c t o r  o f  D e v e l o p m e n t  
R o b e r t  B .Wi the re l l  

T h e  A W S  F o u n d a t i o n  is  a 
n o t - f o r - p r o f i t  c o r p o r a t i o n  

e s t a b l i s h e d  t o  p r o v i d e  s u p -  
p o r t  f o r  e d u c a t i o n a l  a n d  

s c i e n t i f i c  e n d e a v o r s  o f  t h e  
A m e r i c a n  W e l d i n g  S o c i e t y .  

I n f o r m a t i o n  o n  g i f t -  
g i v i n g  p r o g r a m s  is  a v a i l a b l e  

u p o n  r e q u e s t .  

J 

• N o m i n e e s  for  Nat iona l  Off ice  
Only Susta in ing Members ,  Members ,  Honora ry  Members ,  Life M e m b e r s  o r  Ret ired 

M e m b e r s  w h o  have  been  m e m b e r s  for a pe r iod  o f  at least  t h ree  years  shall be  eligible 
for e lect ion as a Director  or  National Officer. 

It is the  duty  of  the  National Nominat ing  Commi t t ee  to nomina t e  candida tes  for na- 
tional office.The commit tee  shall hold an open meeting,  preferably at the Annual Meeting, 
at which  members  may appear to present  and discuss the eligibility of  all candidates. 

To be considered a candidate for posit ions of  President,Vice President,Treasurer or  Di- 
rector-at-Large, the following qualifications and conditions apply: 

P res iden t :To  be  el igible to ho ld  t he  off ice  o f  P res iden t ,  an  ind iv idua l  m u s t  have  
served as a Vice President  for at least one  year. 

Vice President:To be  eligible to hold  the  office o f  Vice President ,  an  individual m u s t  
have  s e rved  at least  o n e  year  as a Director ,  o t h e r  t h a n  Execu t ive  Di rec to r  and  Secre- 
tary. 

Treasurer:To be  eligible to hold  the  office o f  Treasurer, an  individual mus t  be  a mem-  
be r  o f  t he  Society, o t h e r  t h a n  a S tuden t  Member ,  m u s t  be  f r equen t l y  available to t he  
National  Office and  shou ld  be  o f  execu t ive  s ta tus  in bus ine s s  or  indus t ry  wi th  exper i -  
ence  in financial affairs. 

Director-at-Large:To be  eligible for e lect ion as a Director-at-Large, an  individual shall 
previously  have  held  office as Cha i rman  of  a Section; as Cha i rman  or  Vice Cha i rman  of  
a standing,  technica l  or  special  c o m m i t t e e  o f  the  Society; or  as District Director. 

In te res ted  par t ies  are to s end  a let ter  s ta t ing w h i c h  par t icu lar  office t hey  are seek- 
ing, including a s t a t emen t  o f  qualifications, thei r  wi l l ingness  and  ability to serve  if nom-  
inated and  e lec ted  and  20 copies  o f  their  biographical  sketch.  

Th i s  mater ia l  s h o u l d  be  s en t  to Shirley Bollinger, Cha i rman ,  Nat ional  N o m i n a t i n g  
Commi t t ee ,Amer ican  Welding Society, 550 N.W LeJeune Rd., Miami, FL 33126. 

T he  nex t  mee t ing  o f  the  National Nomina t ing  C o m m i t t e e  is cur ren t ly  schedu led  for 
Wednesday, April 26, 2000, in Chicago, Ill.The t e rms  of  office for candidates  nomina ted  at 
this meet ing will c o m m e n c e  June  1,2OO1. • 

• Honorary-Mer i tor ious  Awards 

The Honorary-Meritorious Awards Commit tee  has the duty to make recommendat ions  
regarding nominees  presented for Honorary Membership,  National Meritorious Certificate, 
William Irrgang Memorial and the  George E. Willis Awards.These awards are presented in 
conjunction with the  AWS Exposition and Convention held each spr ing.The descriptions 
of these awards follow, and the submission deadline for consideration is July 1 prior to the 
year of  presentation. All candidate material should be sent  to the  attention of John J. 
McLaughlin, Secretary, Honorary-Meritorious Awards Committee,  550 N.W. LeJeune Road, 
Miami, FL 33126. 

N a t i o n a l  M e r i t o r i o u s  Cer t i f ica te  Award :  
This  award  is g iven  in r e cogn i t i on  o f  t he  
cand ida te ' s  counse l ,  loyalty and  devo t ion  
to t he  affairs o f  t he  Society, a s s i s t ance  in 
p r o m o t i n g  cordial  relat ions w i th  i ndus t ry  
and  o t h e r  o rganiza t ions ,  and  for t he  con-  
t r i bu t i on  o f  t ime  and  ef for t  on  b e h a l f  o f  
the  Society. 

W i l l i a m  I r r g a n g  M e m o r i a l  A w a r d :  This 
award is adminis tered by the American Weld- 
ing Society and sponsored  by The Lincoln 
Electric C ompany  to hono r  the  late William 
Irrgang. It is awarded each  year to the  indi- 
vidual w h o  has  done  the  mos t  to e n h a n c e  
the  Amer ican  Welding Society's goal o f  ad- 
vanc i ng  the  s c i e n c e  and  t e c h n o l o g y  of  
welding over  the  past  five-year period. 

G e o r g e  E. W i l l i s  A w a r d :  This  awa rd  is 
a d m i n i s t e r e d  by  t h e  A m e r i c a n  W e l d i n g  
Soc ie ty  a n d  s p o n s o r e d  by  T h e  L inco ln  
Elec t r ic  C o m p a n y  to h o n o r  G e o r g e  E. 
Willis. It is awa rded  each  year  to an  indi- 
v idua l  for  p r o m o t i n g  t h e  a d v a n c e m e n t  
o f  w e l d i n g  i n t e r n a t i o n a l l y  by  f o s t e r i n g  
c o o p e r a t i v e  p a r t i c i p a t i o n  in a reas  s u c h  
as t e c h n o l o g y  t ransfe r ,  s t a n d a r d s  rat io-  
n a l i z a t i o n  a n d  p r o m o t i o n  o f  i n d u s t r i a l  
goodwil l .  

I n t e r n a t i o n a l  M e r i t o r i o u s  Cert i f icate  
Award: This  award is given in recogni t ion  
o f  the  candidate 's  significant cont r ibut ions  
to the  w o r l d w i d e  we ld ing  industry.  This  
award  shou ld  ref lect  "Service to the  Inter- 
national Welding Communi ty"  in the  broad- 
es t  t e r m s . T h e  awardee  is no t  r equ i red  to 
be  a m e m b e r  o f  the  Amer ican  Welding So- 
ciety. Multiple awards can  be given pe r  year 
as the  situation dictates.The award consis ts  
o f  a cer t i f ica te  to be  p r e s e n t e d  at the  
award 's  l u n c h e o n  or  at ano the r  t ime as ap- 
propriate  in conjunct ion  wi th  theAWS Pres- 
ident 's  travel itinerary, and, if appropriate,  a 
one-year m e m b e r s h i p  to AWS. 

H o n o r a r y  M e m b e r s h i p  A w a r d :  An 
H o n o r a r y  M e m b e r  sha l l  be  a p e r s o n  o f  
a c k n o w l e d g e d  e m i n e n c e  in t he  w e l d i n g  
p rofess ion ,  o r  w h o  is acc red i t ed  w i th  ex- 
cep t iona l  a c c o m p l i s h m e n t s  in t he  devel- 
o p m e n t  o f  t h e  w e l d i n g  art ,  u p o n  w h o m  
the  A m e r i c a n  Weld ing  Socie ty  s ee s  fit to 
c o n f e r  an  h o n o r a r y  d i s t i n c t i o n . A n  Hon-  
o r a ry  M e m b e r  sha l l  h a v e  full  r i g h t s  o f  
m e m b e r s h i p .  • 
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Perfect Notches in Seconds!! 
Universal Pipe and Tube Notcher 

Jancy Eng ineer ing  Company 
Manufacturer of Slugger~4~ Cutters and Magnetic Drilling Machines 

2735 Hickory Grove Rd. Davenport, IA 52804 
Ph. 319-391-1300 or Fax 319-391-2323 

http://www.jancyslugger.com or E-mail jancy@jancyslugger.com 

C i r c l e  No .  7 6  on R e a d e r  I n f o - C a r d  

I 
• Full 360 ° spindle rotation 
• Positions 0 ° to 90°at 15 ° increments 
• Unique thru spindle des 

accommodates any len~ 
part up to 2-1/2" diamet, 

• Variable speed control 
0 to 16 RPM ~ 

• Foot pedal switch allow~ 
hands free operation 

• 300 amp grounding 
• Three jaw chuck & rotar 

tables available 

Jancy Engineering Company 
Manufacturer of Slugger~ Cutters and Drilling Machines 

2735 Hickory Grove Road Davenport, Iowa 52804 
Phone 319-391-1300 or Fax 319-391-2323 
www,jancyslugger.com email jancy@jancyslugger.com 

C i r c l e  No .  1 6 7  on R e e d e r  I n f o - C a r d  

Slugger® Thin M e t a l  C u t t e r s  

C i r c l e  No .  1 6 8  on R e e d e r  I n f o - C a r d  

i! !! i i!i i!i i!iiiiiiiii iiiil 

Metal Fabrication Automotive Electrical 

• Three times faster than holesaws 
• Use with 3/8" or 1/2" hand drills 
• Accurate holes 
• Superior tool life 
• Cutters available 5/16" to : 

Packaged sets available 

Jancy Engineering Company 
Manufacturer of Slugger® Cutters and Magnetic Drilling Machines 

2735 Hickory Grove Rd. Davenport, IA 52804 
www.jancyslugger.com or E-mail jancy@jancyslugger.com 

Ph. 319-391-1300 or Fax 319-391-2323 

C i r c l e  No .  1 6 9  on R e a d e r  i n f o - C e r d  

SEE US AT AWS SHOW BOOTH 1485 
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YOU'RE RIUHT. Manufacturers are 
switching to laser because dross-free, 

square edges eliminate laborious skeleton 

removal and deburring, allow improved 

fitups and repeatability in downstream 

operations, and lead to high weld integrity. 

CET EFFICIENT. Processing at 70-80% 

e f f i c i e n c y - - ~ l u s ~  thmughput with 

unattended operation enabled by auto- 

mated features--ju~fies their investment 

costs with a quick ROI. 

CHOOSE EXPERIENCE. Tanaka is 

the world's leading supplier of high-power, 

large-bed, plate lasers like those shown 

above. After 300+ installations worldwide 

and 10 years of experience in the U.S. and 

Canada, we've earned an impressive list 

of satisfied customers. 

CHECK OUR MANY REFERENCES. 
Our customers cut parts for ships, tanks 

and boilers, bddges, construction and farm 

equipment, off-road vehicles, cranes... 

and there's one near you. For additional 

information, contact Bill Dick, Sales 

Manager, Metal Processing Systems, Inc. 

PHONE: 847.310.6363 FAX: 847.310.6080 

EMAIL: dick_w@niac.com 

Visit us at AWS Booth #1630 
Circle No. 9 6  on Reader  Info-Card 

TANAKA LASER = METAL PROCESSING SYSTEMS, INC. ' 1096 NATIONAL PARKWAY • 

Twin 6000-watt Tanaka lasers contribute to 

the efficiency of Caterpillar's Aurora, Illinois 

facility. Each Tanaka laser travels on rails 

along an 8 x 60foot bed. Here, a crane between 

the lasers loads and unloads 12-foot sheets on 

one end of the bed while the laser cuts a sheet 

on the other end. In many installations, Tanaka 

lasers operate 24/7, unattended over several 

shifts, with minimal downtime. 

TANAKA L A S E R 
SCHAUMBURG, IL 60173 • WWW.TANAKALASER.COM 
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The lawn would mow itself, you'd never hit another traffic jam, and kids' toys 

~ ~  would put themselves away. Now saving money can be that easy, 

\ ~  t thanks to the U.S. Treasury's new EasySover Plan for U.S. Savings O~r \ ~ \ your FREE ~ - ~ ' : ' ~  ~ 2 ~  Bonds. Sign up once and automatically purchase U.S. Savings Bonds 

EasySav~rform today. ~ ~'~ brochure ~. from your checking or savings account. You simply select the 

e, ro,me,t ~ ' - ~  amount, the recipient, and the purchase 

~ ~  dates. EasySaver is a safe and easy way 

to build your savings. And that's as easy as it gets. 

F o r  a F ree  B r o c h u r e  & 
E n r o l l m e n t  F o r m ,  Cal l  To l l -F ree  

1-877-811-7283 
(Key Co(h, 01()) 

) 

public ~, rx  i('~' of lhi~ [mbli(alhm 

&~ng Mo~yJ,~t Got E,szr 
www.easysaver.gov 



A TRADEMARK THAT'S 
THE TALK OF THE TRADE 
PFERD actually means horse. The 

"P" is silent in our name, but not in our 
performance. That's why more and more 
users request the "Horse" by name. 
They know PFERD products work 
faster, surpass U.S. safety standards and 
have a longer job life. 

They also know that the same 
PFERD quality covers a complete 
range of  tools for grinding, cutting, 
finishing and polishing everything 
from steel, stainless, non ferrous 
metals, plastic and aluminum right up 
to all the more exotic materials being 
used today. 

If you're looking to trim your 
vendor list, don't sacrifice quality. 
Learn more about our full line of  
PFERD hand finishing products 
including files, flap wheels, burs, 
belts, wire brushes and our resin 
bond grinding and cut-off wheels. 
We have the best tool for your job. 
And that's not just talk. 

We'll send you a free wheel to 
run your own side-by-side test. Just 
send us a note on your company 
letterhead telling us about your 
toughest cutting or finishing job and 

SEE US AT AWS SHOW BOOTH 1271 Circle No. t t3 on Reader Info-Card 

include the name of  your local dis- 
tributor. 

Today, more than ever, the 
"Horse" is the trademark that's the talk 
of  the trade. Check our reader service 
number, see our catalog listing in 
Thomas Register or call us for more 
information. 

PFERO 
PFERD, INC. 
30 Jytek Drive 
Leominster, MA 01453 
(978) 840-6420 

TAKE QUALITY AT ITS WORD! 



N e w  L i t e r a t u r e  
For more information, circle number on Reader Information Card. 

Catalog Assists in Welding 
Machine Selection 

A full-line equipment catalog, com- 
plete with helpful hints and tips designed 
to make selecting a welding machine or 

cess that helps readers choose the prod- 
uct that best matches their need and skill 
level. A product selector guide then pro- 
vides an overview of each product and 
its typical applications. The catalog also 
includes a glossary of welding terms and 
a technical tips section that provides 
helpful hints for the various welding and 
cutting processes. 

Hobart Welders 225 
600 W. Main St., Troy, OH 45373 

messaging and reporting across geo- 
graphically distributed facilities. The 

5- 

plasma arc cutting machine easier, is 
now available. The 24-page, full-color 
catalog includes a simple five-step pro- 

Statistical Process Control 
Software Brochure Available 

A six-page, full-color brochure out- 
lining the company's statistical process 
control software is being offered. The 
program is designed for networked plant 
computing environments that require an 
enterprise-wide approach to quality 
management. The software includes 
complete facilities for real-time data col- 
lection, charting, monitoring, analysis, 

All  New,  

Welding Pro.Write 
For Windows 9 5 / 9 8 / N T  

Fast, Easy, Accurate ,  Affordable, 

All the features of the DOS version, plus the po in t  
and click convenience of Windows and a number  of 
new features, including.. .  

• WPW standard or ASME standard formats 
for printing WPSs, WPQs, and PQRs. 

• Two-process WPQs. 

• Automatically update and maintain a history 
of inspection and continuity logs by welder. 

FREE Demo Programs 

238 1 APRIL 2000 

SEE US AT AWS SHOW BOOTH 2324 
Circle No. 35 on Reader Info-Card 

brochure explains how the software can 
help manufacturers improve product 
quality, reduce costs, boost productiv- 
ity, improve traceability and meet strict 
contract requirements. Product features 
are accompanied by a series of screen 
images that illustrate the user-friendly 
design and high-resolution charting ca- 
pabilities. The program runs on Win- 
dows® 95, 98, NT and 2000. A free 
demonstration version can be down- 
loaded on the Internet at www.zontec- 
spc.com. 

Zontec Inc. 226 
1389 Kemper Meadow Dr., Cincinnati, OH 45240 

Book on Deburring and Edge 
Finishing Published 

The Deburring and Edge Finishing 
Handbook has been published by the 
Society of Manufacturing Engineers 
(SME). Written by noted authority, 
LaRoux Gillespie, this book is a com- 
prehensive study on burr removal and 
the treatment of edges. This 400-page 
hardcover book has more than 300 il- 
lustrations and details 100 internation- 
ally recognized deburring and edge fin- 
ishing processes. In addition, it covers 
a wide range of mechanical, thermal, 
chemical, electrical and manual tech- 
niques. This deburring technology guide 
describes how to identify and evaluate 
the most efficient and cost-effective de- 
burring options for specific applications. 

con t inued  on page  240  
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Radyne now offers its new lightweight, 
solid-state, bench-top power supply for 
various induction heating applications. 
Ideal for brazing, joining, annealing, shrink 
fitting, heat treating and lab applications, 
the VersaPower is only 20 inches long 
by 12 inches wide and 12 inches high, 
weighing only 55 pounds. 

The latest FET (Field Effect Transistor) 
technology results in a 90% efficient unit 
giving continuously variable output power 
from 0 to 5 kW power at output frequen- 
cies from 10 to 50 kHz. 

Lightweight, air-cooled, yet rugged, 
Radyne's VersaPower is built to withstand 
harsh environments normal to joining, 
welding, and brazing facilities. All critical 
devices are heat sink-mounted and offer 
overtemperature protection. 

External control and monitoring is 
possible for such functions as power 
on/off, frequency, voltage, amps, and 
fault conditions. A PLC or an external 
controller can be interfaced with the 

SEE US AT AWS SHOW BOOTH 1074 

VersaPower for q uality monitoring 
of the process. 

An optional pendant controller is available 
which allows manual control of the power 
supply setup. A display is available for 
voltage, frequency, power and current. 
A digital heat timer with manual/timed 
selector switch is provided. 

The VersaPower compliments Radyne's 
other bench-top power units available in 
1,3, 5, and 7.5 kW, 450 kHz tube-type 
units and 2.5, 5, 7.5, 10 and 15 kW, 
50-200 kHz solid-state types. 

R A D Y N E  
Innovators in Induction Heating 

7-800-236-8360 
211 West Boden Street 

Milwaukee, Wisconsin 53207-6277 
Tel: (414) 481-8360 • Fax: (414) 481-8303 

e-mail: sales@radyne.com 
http://www.radyne.com 

Circ le  No, 116  on Reader  Info-Card 



-- continued from page 238 

Also highlighted are a vast array of tools, 
applications and procedures used 
worldwide. The book proposes a de- 
tailed and uniform standard for debur- 
ring and edge finishing. The book is 
available to SME members for $152; 
$160 for nonmembers. 

Society of Manufacturing Engineers 
One SME Dr., P.O. Box 930, Dearborn, MI 48121-0980 

Workholding and Jig and Fixture 
Components Catalog on CD-ROM 

Information on more than 100,000 
workholding and jig and fixture compo- 
nents is now available on CD-ROM. The 
compact disc contains photographs, draw- 
ings, dimensions and full technical specifi- 
cations from the company's product cata- 
log. Separate sections detail tooling com- 
ponents and clamps, jig and fixture bases, 
chuck jaws, modular fixturing, toggle 
clamps, drill bushings and workholding. A 
price list is included on the disc. 

Carr Lane Mfg. Co. 227 
4200 Cart Lane Ct., St. Louis, MO 63119 

Buyer's Guide Lists 
Used Machinery 

The 2000 Used Machinery Buyer's 
Guide is a comprehensive, easy-to-ref- 
erence directory that offers metalwork- 
ing machinery users outlets to buy and 

sell quality and used machinery. It also 
offers l iquidation sources to keep ma- 
chinery users profitable. The guide lists 
alphabetically and geographically 
nearly 500 firms and references by spe- 
cialty machinery categories. 

Machinery Dealers 
National Association 228 
315 S. Patrick St., Alexandria, VA 22314 

Industrial Supplies Guide Available 

This 2000-page buyer's guide offers 
a large selection of industrial and safety 
supplies. The catalog includes more than 

For information, plea~ contact uS~ 

In the United States In Canada 
Tel: +1 (800) 959 0398 Tel: +1 (800) 267 4443 
Fax: +1 (517) 635 2157 Fax: +1 (705) 435 3155 
info@mLusa.oetiker.com 
Connect with Oetiker on the Net:, www.oetiker.com 

SEE USAT AWS SHOW BOOTH 614 Cl 

Swing Coupling Program. 

OETIRER is intemational 
with IS0 9001 and QS-9000 
quagty certification 

;ir©le No, 105 on Reader Info-Card 

200 pages of new products including 
hand tools, first aid, material handling, 
pneumatics/hydraulics, plasticware/ 
glassware, storage systems and more. 
Catalog prices are guaranteed through 
December 31. 

Lab Safety Supply Inc. 
P.O. Box 1368, Janesville, W153547-1368 

229 
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TIG welding electrodes 

v 

p I u s 

Experts know. As the latest addition to our range of thorium free welding electrodes, the GOLDplus 

is safe for your health and the environment and exhibits excellent welding properties. Its ignition and 

reignition performance meet the highest demands. Independent testers reported extremely low con- 

sumption rates, which also means long life. In short, the new GOLDplus is a universally applicable 

(AC/DC) TIG electrode type, that is ideally suited to virtually 

and requirements. GOLDplus electrodes are available from r~ 

welding wholesalers and suppliers here in the USA. 

A STEP AHEAD IN TECHNOLOGY. 

SCHWARZKOPF TECHNOLOGIES Corporation, 115 Constitution Boulevard 
Franklin, MA 02038, Phone: (508)-553-3800, Fax: (508)-553-3823 
E-Mail: stc.sales@stc-ma.com, http://www.stcmetals.com 

'SEE US AT AWS SHOW BOOTH 1903 SCHWARZKOPF 
A PI.ANSEE A f f i l i a t e d  C o m p a n y  

Circle No. 119 on Reader  Info-Card ~I 



The Universal 
Special Features and Capabilil 
• 100% Stainless Steel Conduction 
• Greatly reduces parts per million of 
the oxygen content in bhe welding sil 
and stops residual moisture & dries 

area thorough rapid argon chan(. 

HIGH 1EMP PURGE PUJG,' 
TRI-CLOVER PURGE ADAPT[ 

ALIGNMENT CONTAINMENT BAN 
PIPE WELDING/rESTING 

MINI PURGE TOOLS 

Visit our Web Site at: 
http://www.am-eng-welding 
email: amengr@ix.netcom. 

SEE US AT AWS SHOW BOOTH 775 Ci rc le  No. 9 on R e a d e r  In fo -Card  
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i T I T A N I U M  W I R E  C O R P O R A T I O N  

[ 235 INDUSTRIAL PARK R D  

] FRACKVILLE, PA 17931 

Availability, along with competitive 
pricing is one call away for all your 
Titanium & Titanium Alloy Weld Wire 
requirements. T1WIRE manufactures all 
domestic and international titanium 
specifications. We are ISO 9002 regis- 
tered and our quality control staff is 
committed to supplying you with a 
superior product with on time delivery. 

1-570-874-0311 
TOLL FREE 1-800-522-6100 

FAX 1-570-874-3198 
EMAIL:TIWIRE @P(YITSVILLE.INFI.NET 

SEE US AT AWS SHOW BOOTH 660 Circle No. 136 on Reader Info-Card 

Vibratory Stress Rel ie f  
Reduces  Res idual  Stresses  

Due  to Welding  
" F o r m u l a  6 2 "  method  utilizes high ampli- 
tude vibrations to reduce peak residual 
stresses close to yield stress levels near the 
weld center line. Vibrations remove high tensile 

residual stresses due to welding in ferrous and non-ferrous metals. 
S e n d  fo r  

f r ee  b r o c h u r e .  
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Oerlikon has an outstanding reputation for 
product quality and reliability, which has 
been established through continuous 
product development and innovation. 

Oerlikon welding consumables have 
achieved preferred supplier status for critical 
fabrications in many diverse industrial 
sectors, including offshore oil and gas 
production platforms, pipe manufacture, 
petro-chemical and power generation 
industries. 

Oerlikon engineers work closely with all its 
customers to provide technical support from 
project inception through to completion. 
These high quality welding consumables 
are available to all. 

For more information please contact 

Export Department, Oerlikon Welding Ltd, Peakdale Road, Glossop SK13 6XG, UK 
Tel: +44 1457 866011 Fax: +44 1457 855551 or e-mail: mail@oerlikonweld.com 
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A u t o m a t i o n  
BY TIM HESTON, Assistant Editor 

Pipefitters' Automatic Tube Welding Classes Meet 
the High Demands of Silicon Valley 

A 
lthough much of the actual sili- 
con wafer manufacturing has, in 
fact, moved out of Silicon Valley 

to Asia, the industry is still the most in- 
tense in America. High-purity tubing for 
nitrogen and ultra-clean water is a vital 
part of manufacturing, which means 
welders trained and certified for gas 
tungsten arc automatic orbital tube 
welding are in high demand. Intel, 
Cisco, AMD, Xerox, 3COM and other 
high-tech companies are continually 
looking for trained, certified help. 

The training center has 
several automatic tube 
welding machines, three 
of which are digital ma- 
chines: two Model 207s 
from Arc Machines, Inc. 
(AMI), and one M100 
from Swagelok. 

Though orbital weld- 
ing is growing more and 
more digital, the center 
still has training for ana- 
log machines, a require- 
ment for certification. 
Welders practice after 
work and come in on Sat- 
urdays for testing, all on 
their own time. 

At the beginning of 
test day, a welder (usually 
a journeyman) is given a 
couple of test coupons, 
with the ends prepped 
and ready to go. The 
welder's identification 

"Orbital welding in this area has for Fig. 1 - -  The Pipe Trades Training Center in San 
years been a large portion of our work," Jose, Calif., has 100,000 sq ft of indoor training 
said Bob Elkins, apprenticeship field co- space. 
ordinator and UA authorized testing rep- 
resentative for Local 393 Pipefitters, Steamfitters and Refrigera- 
tion Fitters Union in San Jose, Calif. "Here in Silicon Valley, the 
demand for high-purity piping is very high." 

With such high demand, the union offers something extra 
for its members: a $19-million, 100,000-sq-ft Pipe Trades Train- 
ing Center-- Fig. 1. Each member of the local working in the 
pipe trades gives a dollar an hour out of his hourly wage--  not 
from dues - -  for this center. People have come from as far away 
as Israel, China and Russia for tours. 

The local, which has about 2000 members, certifies to ASME 
Boiler and Pressure Vessel Code, Section 9, which requires an 
update to certification every six months, either by proving ac- 
tual welding experience or retesting altogether. Elkins said all 
local contractors pay for retesting annually. "It's something they 
think is necessary, which makes sense," he said. Technology 
changes quickly in the computer industry. 

And orbital welding machines used in the industry must 
change with it. Along with analog orbital tube welding ma- 
chines, the training center has computerized machines with au- 
tomatic programming - -  Fig. 2. After selecting tube thickness, 
diameter, type of material such as 316L and other factors from 
pull-down menus; setting the purge rates; and installing the 
proper tungsten, "all you have to do is push a button," Elkins 
said, and a high-quality weld, good enough to meet the strin- 
gent demands in Silicon Valley, is produced, with no concav- 
ity or excess reinforcement. 

Like much of the other equipment in the training center, 
some orbital welding machines are donated from manufactur- 
ers. "Companies realize our members are the people they want 
using their machines," EIkins said. "It makes them look better, 
and it makes us look better if we know what's out there in the 
field." 

What's out there is making the welder's job easier. Using tra- 
ditional analog machines, with the setup, programming, the 
practice weld, refining the weld and testing again, "you can 
sometimes,spend a couple hours just on one tube size," Elkins 
said. "With today's machines, the setup is faster, the program- 
ming is already installed and the first practice weld is so close 
to perfect there is not much time spent refining the weld." 

Fig. 2 - -  Setting up orbital tube 
welding heads, which are con- 
nected to a computerized control. 

number is stamped on the tube. Welders then start with a Y4-in.- 
diameter tube with 0.035-in. wall thickness, then go up to a 1/~_ 
in. diameter and 0.049-in. wall thickness, a 3-in. diameter with 
0.065-in. wall thickness, then finally a 3Y2-in. diameter with 
0.120-in. wall thickness. A third-party witness (contractor) is 
present. Then, an independent contractor performs X-ray test- 
ing to ASME, Section 5. 

If a welder passes the test, he's certified from Y~-in. OD and 
up in tube sizes and wall thicknesses up to 0.240 in. 

"Right now, everybody who wants to work is working," 
Elkins said. "And, because of our training and demand for high- 
purity tubing in Silicon Valley, we have some of the most highly 
skilled, educated craftsmen in the country." • 
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S t a i n l e s s  Q & A 

BY D A M I A N  J. K O T E C K I  

Q: After making a large and rather 
complicated weldment of 304L stain- 
less steel, the weldment has to be ma- 
chined to very tight tolerances. Is it ad- 
visable to stress relieve after welding 
to improve dimensional stability dur- 
ing machining, and, if so, at what tem- 
perature? 

A: Postweld heat treatment (PWHT) is 
commonly applied to large, complex 
weldments of carbon steel or low-alloy 
steel to improve dimensional stability 
during machining. A large, complex 
weldment can be expected to contain 
yield point residual stresses somewhere 
within it. Machining away some metal 
containing residual stresses causes re- 
distribution of stresses, which often re- 
sults in the metal moving slightly dur- 
ing machining. A PWHT before ma- 
chining produces stress relaxation by 
creep and local yielding because the 
yield strength of the metal falls with in- 
creasing temperature. So, after a prop- 
erly controlled PWHT, the maximum 
residual stress should be on the order 
of the yield strength of the metal at the 
PWHT temperature, which is a fraction 
of the room-temperature yield strength. 
The result is a greatly reduced tendency 
for the metal to move during welding, 
and dimensional stability is improved. 
In principle, PWHT can do the same for 
austenitic stainless steel weldments. 

With carbon steel or low-alloy steel, 
PWHT is commonly applied at temper- 
atures such as 1150°F (620°C). How- 
ever, this temperature is dangerous for 
304L austenitic stainless steel and sim- 
ilar weldments for two reasons. First, 
the weld metal, which is normally 
308L, typically contains some ferrite 
for resistance to hot cracking. At tem- 
peratures around 1150°F, the ferrite 
transforms to sigma phase, a brittle in- 
termetallic compound, which embrit- 
ties the weld metal. Second, at the 
same temperature, the 304L base metal 
experiences chromium carbide precip- 
itation on the grain boundaries, which 
depletes the chromium in solution in 
the metal immediately adjacent to the 
grain boundaries. This makes the metal 
sensitive to intergranular corrosion. 
Type 304L stainless is quite immune to 
sensitization during the very short ther- 
mal cycles of welding, but it is not im- 
mune to sensitization during the much 
longer thermal cycle of PWHT at 
1150°F. 

If the weldment is not yet made, you 
can improve the situation relative to 
sigma phase by using relatively low fer- 
rite fi l ler metal. Normal 308L weld 
metal often contains more than 10 FN. 
But 308L filler metals of 4 to 9 FN are 
available, and use of these can reduce 
the damage from sigma phase to ac- 
ceptable levels. If the weldment is al- 
ready made, of course, there is nothing 
you can do about the ferrite level. 

A safer approach is to reduce the 
PWHT temperature, l'd suggest PWHT 
at 800 to 900°F (425 to 480°C) for 2 to 
4 h. With this PWHT, 304L base metal 
welded with 308L fil ler metal should 
not form any sigma phase, and the ex- 
tent of chromium carbide precipitation 
should be minimal. In this temperature 
range, the yield strength of the 304L 
base metal and matching 308L fil ler 
metal should be about one half of what 
it is at room temperature, so consider- 
able stress relaxation can occur. There 
wil l  not be as much stress relief as at 
1150°F, but there should be a big im- 
provement in dimensional stability. 

Q: I am trying to develop weld proce- 
dure qualifications for duplex stainless 
steel Alloy 2205 (UNS $31803) using 
SMAW, GMAW and SAW. I am en- 
countering trouble with high ferrite in 
the weld heat-affected zone (HAZ). 
The customer's specification is for 
70% ferrite maximum in the HAZ, de- 
termined by metallographic examina- 
tion (point counting) on weld cross sec- 
tions. The first trial weldments often 
exceeded this limit. What can be done 
about it? 

A: First of all, I should point out metal- 
Iographic determination of ferrite is not 
a very precise method. There is a large 
problem with reproducibility of results. 
Unfortunately, for HAZ determinations, 
there is no available alternative. 

Alloy 2205 is nominally 22% Cr, 5% 
Ni, 3% Mo with some nitrogen. (More 
wil l  be said about the nitrogen later.) 
As plate or pipe, this steel microstruc- 
turally consists of approximately half 
ferrite and half austenite. However, in 
the as-cast form, the ferrite is much 
higher. Duplex stainless steels such as 
2205 solidify as 100% ferrite, and 
austenite forms only during cooling. 
Hot working and annealing at temper- 
atures in excess of 1900°F (1040°C) pro- 

mote diffusion of alloying elements, 
which increases the amount of ferrite 
that transforms to austenite. However, 
welding causes the HAZ very close to 
the weld interface to transform back to 
100% ferrite at temperatures just below 
melting, and rapid cooling associated 
with welding does not al low time for 
diffusion to produce extensive austen- 
ite. So the HAZ near the weld interface 
tends to be higher in ferrite content than 
the remainder of the steel. High-heat- 
input welding can slow the cooling rate 
to a certain extent and allow for more 
diffusion and formation of austenite, but 
the tendency for high ferrite in the HAZ 
along the weld interface remains. This 
high ferrite tends to reduce the ductil- 
ity, toughness and corrosion resistance 
of the weldment. 

This situation would also affect the 
weld metal, but fi l ler metal designers 
long ago figured out increased nickel 
(typically 9%) in the filler metal would 
produce an as-welded deposit of higher 
austenite content. The increased nickel 
is the norm today in filler metals for du- 
plex stainless steels such as ER2209 
wire, which would normally be chosen 
for 2205 base metal. 

Increased nickel in the fi l ler metal 
does not help the situation in the HAZ. 
It is therefore necessary to modify the 
base metal composition slightly. This is 
where nitrogen comes into the picture. 
Nitrogen is a very small atom as com- 
pared to iron, chromium, nickel and 
molybdenum, so it can diffuse much 
more rapidly than these other elements. 
And nitrogen is a powerful promoter of 
austenite. A little extra nitrogen can 
have a dramatic effect on the ferrite 
content in a weld HAZ. Some years ago, 
it was common to attach UNS $31803 
to Alloy 2205, with a specified nitro- 
gen range of 0.08 to 0.20%. The prob- 
lem with this was that base metals in 
the lower half of this nitrogen range 
tended to have high ferrite in the HAZ. 
The composition range of UNS $31803 
has not been changed, but the alloy is 
no longer designated as Alloy 2205. In- 
stead, ASTM A240 and similar specifi- 
cations redefined Alloy 2205 as UNS 
$32205, with a required nitrogen range 
of 0.14 to 0.20%. There were minor ad- 
justments in some other alloy elements 
as well. It is no longer correct to refer 
to UNS $31803 as Alloy 2205. 

- continued on page 247 
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P e r s o n n e l  

Jackson Products Names Officers 

Jackson Products, Inc. (JPI), St. Louis, 
Mo., promoted Christopher T. Paule to 
president and chief operating officer. 
Paule has served the company as vice 
president and chief financial officer for 
the past six years. 

Robert H. Elkin will continue to serve 
as chairman and chief executive officer, 
providing strategic corporate direction 
with a focus on acquisition efforts. 

Mark Kolmer has been named vice 
president of finance. Kolmer, who most 
recently served as controller, joined the 
company in 1996 as controller for the 
Flex-O-Lite and Services and Materials 
businesses. 

Jim Van Dusen was named vice pres- 
ident of international. In this position, 

Van Dusen 

he will oversee the company's growth 
in European business as well as coordi- 
nate efforts to identify and pursue inter- 
national market opportunities outside of 
Europe. Van Dusen joined JPI in 1996, 
most recently serving as director of in- 
ternational sales and managing director 
of Lansec GmbH. 

Postle Announces Appointments 

Postle Industries, Inc., Cleveland, 
Ohio, has announced staff appoint- 
ments. 

Tom Christ is to serve as East Coast 
district sales manager. He comes to the 
company with 30 years' experience in 
the areas of hardfacing, repair and ther- 
mal spray. 

Appointed to represent Postle Indus- 
tries' line of products are, in California, 
Arizona, Nevada and Utah, Ed Phelan 
and Steve Phelan of Shamrock Sales; 
from Gordon Sales in the Northwest, 
which includes Washington, Oregon, 
Idaho and Montana, Lowell Gordon, 
Sjon Delmore and Dave Schranze; in 
New Mexico, Colorado, Wyoming, 

Kansas and Nebraska, Jim Van Coevern, 
Dave Boepple and Mike Winter; and in 
the Southeast- North and South Car- 
olina, Georgia, Florida and Alabama - -  
Gary Gorman. 

National-Standard 
Names Managers 

National-Standard, Niles, Mich., re- 
cently promoted Larry Thomas to na- 
tional sales manager for welding prod- 

Thomas 

ucts. In his new position, Thomas will 
have overall responsibility for providing 
sales service to customers for the com- 
pany's line of welding filler metals and 
unique wire packages. Thomas, with 23 
years of experience in the welding in- 
dustry, was previously national distribu- 
tor manager. Prior to joining National- 
Standard, Thomas held key sales man- 
agement positions with several large 
welding supply distributors. 

Ted Turner joined the company as 
district sales manager for welding prod- 
ucts. He will be responsible for sales of 

! 

Turner 

the company's full line of carbon steel 
and stainless steel welding wire prod- 
ucts throughout Texas, Oklahoma, 
Arkansas and Louisiana. Prior to joining 
the company, Turner was a regional 
manager for Natweld/Hi-Alloy in Hous- 

ton, Tex. He has 26 years of sales expe- 
rience in the welding industry. 

Graham Adderley was named district 
sales manager for the Welding Products 
Group. He will be responsible for sales 

Adderley 

of the company's line of carbon steel and 
stainless steel welding wire products 
throughout western Canada and the 
northwestern United States. Prior to join- 
ing the company, Adderley was a re- 
gional manager for Bohler Thyssen 
Welding. He has more than 12 years of 
experience in welding product sales, and 
has completed several courses and sem- 
inars related to the industry. 

Coherent Names Managers 

Coherent, Inc., Semiconductor Group 
(CSG), Santa Clara, Calif., has named 
Tony Hoult applications manager. His 
responsibilities include promoting new 
applications for CSG high-power diode 
lasers and systems, as well as spear- 
heading the CSG applications labora- 
tory. Most recently, Hoult served as a se- 
nior research fellow at the Warwick 
Manufacturing Group's industrial laser 
facility at the University of Warwick, 
U.K. There, he completed research pro- 
grams in the laser machining of compos- 
ites and high-power lasers in rapid pro- 
totyping. He also acquired his Ph.D. on 
the solid-state laser beam welding of alu- 
minum. Previously, Hoult was a devel- 
opment engineer for Lumonics Ltd., 
Rugby, and senior materials engineer for 
Lucas Aerospace, U.K. 

Joining the company as marketing 
communications manager is Sandra 
Garcia. She will oversee the planning 
and development of the company's mar- 
keting communications, advertising and 
promotional programs. A graduate of the 
University of Arizona, Garcia previously 
served as vice president in charge of 
managing industrial recruitment, trade 
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shows, Web site development and mar- 
keting collateral and advertising cam- 
paigns for the instrumentation, electron- 
ics, environmental technology, optics, 
plastics, metal fabrication and mining 
industries for the Greater Tucson Eco- 
nomic Council. 

Thermadyne Announces 
Appointments 

Thermadyne Industries, Inc., St. 
Louis, Mo., recently announced the ap- 
pointment of Mike O'Connell to the po- 
sition of executive vice president for its 

O'Connell 

Thermal Arc and Stoody business units. 
O'Connell, a Iongtime Thermadyne em- 
ployee with sales and marketing man- 
agement experience with several of the 
company's business units, will assume 

- continued from page 245 

I expect your procedure qualifica- 
tion is being run on older Alloy 2205, 
perhaps remnants from a previous pro- 
ject, which was originally produced 
under the UNS $31803 composition 
limits. The solution to your problem 
very likely is to use current Alloy 2205 
(UNS $32205) for your procedure qual- 
ification. The required higher nitrogen 
should produce lower ferrite in the 
HAZ. • 

DAMIAN J. KOTECKI is Technical Director 
for Stainless and High-Al loy Product 
Development for The Lincoln Electric Co., 
Cleveland, Ohio. He is a member of the 
AWS ASD Subcommittee on Stainless Steel 
Filler Metals; AWS D1 Structural Welding 
Committee, Subcommittee on Stainless Steel 
Welding; and a member and past chair of 
the Welding Research Counci l  
Subcommittee on Welding Stainless Steels 
and Nickel Base Alloys. Questions may be 
sent to Mr. Kotecki c/o Welding Journal, 550 
N.W. LeJeune Rd., Miami, FL 33126. 

full sales, marketing and operations re- 
sponsibilities for the business units while 
retaining certain national account and 
corporate marketing duties. His most re- 
cent responsibilities with the company 
included National Accounts, Therma- 
dyne Canada Operations and corporate 
marketing. 

Jim Delaney, executive vice presi- 
dent for Latin American Operations, will 
assume responsibility for Thermadyne 
Canada and Thermadyne International 
Customer Service Operations in 
Oakville, Ontario. 

Wall Colmonoy 
Announces Appointments 

Wall Colmonoy, Madison Heights, 
Mich., has named Jean-Francois Boi~ll- 
mann general manager of the Argenteuil, 
France, operation; Demetrio Jaramillo 
was promoted to international sales and 
customer service manager; and Victor 
Taylor has joined the company as tech- 
nical sales representative. 

Bo~llmann brings more than 25 years 
of experience in sales, production and 
research and development to his new 
position. He qualified as an engineer at 
the I~cole Violet in 1972. In his new po- 
sition, Boi~llmann will spearhead the 
business development of the Argenteuil, 
France, operation. 

Jaramillo previously served the com- 
pany as international sales manager. In 
addition to handling all export sales in 
Latin America, Asia and the Middle East, 
Jaramillo will oversee all domestic sales 
of products and the customer service de- 
partment. He joined the company in 
1995 as export sales administrator. 

Jaramillo Taylor 

Taylor, with more than 13 years of 
experience in the welding industry, is 
responsible for maintaining and expand- 
ing sales of hard-surfacing alloys and 
brazing filler metals in Canada. Prior to 
joining the company, Taylor served as 
welding supervisor at Dofasco, Inc. He 
received his welding engineering tech- 
nician diploma from Conestoga College. 

TRUMPF Names Manager 

TRUMPF Inc., Farmington, Conn., has 
named David W. Partain to the position 
of manager of training. He will also be 
responsible for developing educational 

Partain 

programs for customers of the company's 
fabricating equipment. Before joining the 
company, Partain was director of em- 
ployee development for the Metropoli- 
tan Atlanta Rapid Transit Authority. Par- 
tain, a retired U.S. Air Force lieutenant 
colonel, completed his last duty assign- 
ment at the Pentagon, where he was re- 
sponsible for training and professional 
development for U.S. government de- 
fense personnel all over the world. 

ESAB Announces Staff Appointments 

ESAB Welding and Cutting Products, 
Hanover, Pa., announced the appoint- 
ment of John Schleicher to quality as- 
surance manager, welding and cutting 
operations for the Filler Metals Division. 

Jerry Mathison was promoted to sales 
application engineer. 

ESAB Welding and Cutting Products 
in Florence, S.C., has announced the fol- 
lowing appointments. 

Don Racey has been named director 
of quality and continuous improvement. 

Jonalhan Greene has been promoted 
to product administrator for equipment 
consumables. 

Mark Shepherd has been promoted 
to director of information technology. 

Mark Elender was appointed vice 
president of domestic sales, with six U.S. 
sales regions reporting to him. 

Doug Jones was named vice presi- 
dent of marketing for filler metals and 
standard equipment products. 

Dale Wodzinski was named vice 
president of strategic accounts. 

Stan Ferree, currently vice president 
technical for filler metal products, will 
assume additional responsibilities for all 
field technical support activities. 

Dave Meyer was promoted to prod- 
uct manager for the submerged arc prod- 
uct line., 
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C l a s s i f i e d s  

Sen io r  Technic ian /Cer t i f i ed  W e l d i n g  Inspec tor  
M ich igan  Area  

As one of the Midwest's leading environmental, geotechnical and construction engi- 
neering firms, STS Consultants, Ltd., takes great pride in having provided high-quality, 
state- of-the-practice services to clients worldwide for more than 50 years. We currently 
have a challenging opportunity for a Senior Technician/Certified Welding Inspector who 
will provide construction support on structural steel projects, including testing and inspec- 
tion of welded and bolted connections during fabrication and erection. Additional respon- 
sibilities may also include monitoring and testing soils, concrete, bituminous concrete, re- 
inforcing steel and geosynthetics. 

Successful candidates will possess CWI, ASNT Level II, Ultrasonics and Magnetic 
Particle certifications and 3-5+ years of related experience. This position also requires 
the ability to lift 50+ lb., a valid driver's license and the ability to work overtime and travel. 

We offer a competitive benefits package. Please forward resume (including salary 
history/requirements) to: Kathleen Roller, Director of Human Resources, STS 
Consultants, Ltd., 750 Corporate Woods Parkway, Vernon Hills, IL 60061. (Phone: 
800/859-7871 ext. 2459; Fax 847/279-2510; e-mail: roller@stsltd.com). EOE M/F/D/V. 

I HAVE 30 YEARS EXPERIENCE 

Machine & Welding Supply Company 
has been a leading distributor of gases 
and welding supplies throughout the 
Carolinas since 1954. We are interested 
in attracting Sales Representatives and 
Managers with experience in the weld- 
ing supply industry and a desire to 
excel, If you wish to work for a growing 
company with career opportunities in 
sales and management with a 
willingness to invest in its employees, 
please send a resume to Machine & 
Welding Supply Company, Department 
of Human Resources, P.O. Box 1708, 
Dunn, NC 28335, or send e-mail to 
jbb @ mwsc.com, or call 800-571-1583 
ext. 206 and ask for Jimmy Blalock. We 
are an Equal Opportunity Employer. 

W E L D I N G  SALESMAN 
We Pay You!  

For f inding us good used positioners, 
manipulators, turning rolls, 

welding machines, etc. 

W e l d  Plus, Inc.  C i n c i n n a t i ,  O h i o  
ack S c h r o e d e r  1 - 8 0 0 - 2 8 8 - 9 4 1 4  

WELDING JOBS.corn 

Leading job site for all Welding Jobs. 
Top 10 listing on major search engines. 

250 total visitors/day and growing. 
Site has Mailing Lists, 

AD Stats, Job Links. 
Companies/Recrsiters Place ADS 

http :/ /www.WeldingJobs.com 

AS A NATIONWIDE WELDING ENGINEERING SPECIALIST 
Numerous client companies have engaged me to recruit weld- 
ing pros at various levels of experience. If your expertise is 
Welding Engineering, Call, Mail, Fax resume to BILL ELIAS 
Dept WE, PO Box 396, East Brunswick, NJ 08816. 

Phone 732-390-4600 Fax 732-390-9769 
ELIAS ASSOCIATES 

"Annually a National Award Winning Search Firm" 

O U T S I D E  S A L E S  R E P S  

Welding equ ipment  & supply com- 
pany is seeking exper ienced sales 
~ersons for the following areas: 
Louisville, KY; southern IN 
Evansville, IN; Indianapolis, IN and 
Columbus, IN. 

=lease submit  resume to P.O. Box 
34264, Louisville, KY 40232-4264. 

~ HORIZON 
PERSONNEL 

Weld Eng., MIG/TIG/robotics . . . . . . . .  $70K 
Mfg. Eng., automotive/metal working . .$55K 
Met. Eng., weld/process control . . . . . .  $70K 
Design Eng., FFS/dvlp. weld systems . .$85K 
Laser Weld Eng., SS & carbon Steels...$70K 
Mech. Eng., weld/structure/design . . . .  $60K 

Companies pay all costs. Send resume in con- 
fidence to 

Joe Micksch, ASM Life Member 
683 Fox Meadow Road 
Princeton, KY 42445 

Phone 270-365-9165 or Fax 270-365-2248 
www.micksch.com 

WELDING ENGINEERS 
CAREER OPPORTUNITIES 

PRI is a Recruitment Coordinator for 
350 Search Firms Nationwide. High 
demand for Junior through Advanced 
Levels in variety of industries. Top 
companies, $40-80K. Fee PD. Contact 
lerry or Mark. 

Professional Recruiters, Inc. 
7253 Grover 

Omaha, NE 68124 
800-999-8237 or FAX: 402-397-7357 

staff@jobteam.com or 
www. jobteam.com 

W E L D I N G  E N G I N E E R S  

Nationwide Positions $45-90K 
RW¢,LBW4,GMAW~GTAW 

Robotic4,Automated ¢,Tooling 
Our client companies pay all expenses. 

Send resume for confidential consulation. 
David Smith, CAPITAL SOURCE 

P.O. Box 20987, Roanoke, VA 24018 
FAX (540) 989-6557, PH 989-6551 

capitalsource@yahoo.com 

Montana Tech is seeking a tenure 
track faculty member in the area of Met- 
als Fabrication. This is a 9-month 
appointment beginning August 14, 2000. 
Bachelor's degree in Welding Engineer- 
ing, Manufacturing Technology, Metals 
Technology or equivalent required; Mas- 
ter's degree preferred or completed within 
five years from the date of hire. Applicant 
must have 5+ years experience in a metal 
fabrication shop. American Welding Soci- 
ety certification, Educator certification, 
Weld Inspector certification or related 
welding certification and classroom 
teaching experience are preferred. Salary 
will be commensurate with education and 
experience. 

Closing date is April 10, 2000. 
For more information, please contact the 
person listed below. Interested individuals 
must submit a cover letter, resume, 
name, address and phone number of at 
least three references we may contact to: 

Steve Luft 
College of Technology 
25 Basin Creek Road 

Butte, MT 59701 
406-496-3740 

e-maihsluft@ mtech.edu 
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NEW & RECONDITIONED WELDING 
POSITIONERS - MANIPULATORS - 

SEAMERS - TURNTABLES - 
C IRCULAR WELDERS - 

TURNING ROLLS 

ARONSON GE 1200-Exp,Spacecraft Assy. 
Poaltioner. Over 75 Reconditioned 

Positioners up to 62 Tons! Aronson, 
Pandjiris, Ransome, Etc. 

Positioners,Turntables, Manipulators, Turning 
Roils. Jetline, Pandjiris, Seamers to 16 ft. 

Jetline, Cyclomatic, Controls, Arc Lengths, 
Cold Wire Feeders, Trackers. Lincoln, 

Miller, Hobart, Linde, Sub-Arcs, Heads, 
Feeders, Welders, Oscillators. 

WE BUY AND SELLII 
Web Site: www.weldplus.com 

e-mail: weldplus @ weldplus.com 

WELD PLUS, INC. Cincinnati, Ohio 
Jack Schroeder 1-800-288-9414 

Fax: 1-513-467-3585 

~l Sales: Extension 35, 59 
lu,,,/~ 15 I / [ ~  I t i[i 1 ~,] i,],] r .d [,] i t 

Metal Working Solutions Since 
1948 - Nationwide. 

ONn-ro 
4~5. TRUMPF 
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ROBOTS I robot.,,4welding.com 

We buy and sell all types. I 
i i ' l l  ""?.,"o'o."J,.'t,',','=" I (Guess  what  we  sell :) 

- -  www.antenen,com 

O L D  F R I E N D . . .  

2M 
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I | I I I N ; @  Welding & Cutting Products Inc. 
614 Old Thomasville Road High Point, NC 27260 

Ph: 336/887-6100 FX: 336/887-6194 
E-Mail: burco@mindspring.com 
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l ~ R ~ l l ~ l  Company of Texas, Inc. 
~ Wold Positioning Equipment Since 1967 

POSITIONERS - MANIPULATORS - 
TANK TURNING ROLLS - SEAMERS 

New 24" to 240" Seam Welders 
New 2,500 to 120,000# Turntables 

New 1 to 200 Ton Tank Turning Rolls 
New 2,500 to 240,000# Head and 

Tailstocks 
New 4' X 4' to 20' X 20' Welding Head 

Manipulators 

We also sell and rent used weld 
positioning equipment. 

6620 Fulton Street, Houston, TX 77022 
Phone (800) 877-6381 

Fax (713) 691-4210 
www.weldwire-tx.com 

We Buy & Sell Surplus 

Welding Rod & Wire 
All types, sizes & Quantities 

Call us first/ 

800-523-2791 
PA= 610 -825 -1250  

FAX: 6 1 0 . a 2 5 . 1 5 5 3  
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I ~.~/~,, "~1~. USED I ~ PLATENS ! 
| Re-Ground Tops | 
| FOB: Shipping Point • Call for Details I ! Weldsale Company (215) 739-7474 i 

We buy excess WELDING ROD & WIRE 
All types • Quantities large & small 

( xford 
V A L L O Y S ,  I n c  

2632 Tee Dr, Baton Rouge, LA 70814 
800-562-3355 

225-273-4800/FAX 225-273-4814 

T R A I N I N G  

PIPE WELDING VIDEOS 

Acquire difficult pipe welding skills 
and techniques through easy-to-follow 
instruction. Six different videos are 
available at $39.95 each: SMAW 2G, 
5G and 6G. Techniques are 
demonstrated, including walking the 
cup, tungsten extension, welding 1/4" 
gap, etc. Call today for more info. Visa 
and M.C. accepted. 

Quality School of Pipe Welding 
600 Great SW Pkwy 
Atlanta, GA 30336 

phone 404-629-9909 
fax 404-629-1229 
pipewelding.com 

Accredited AWS test facility. 

COURSE IN BRAZING 
3-Day Brazing Engineering Course 

Learn design, metallurgical, and 
production aspects of Modern Precision 
Furnace Brazing from industry experts. 

Ask for dates, costs and details. 

WALL COLMONOY CORPORATION 
30261 Stephenson Hwy., 
Madison Hts., MI 48071 

Tel: 248-585-6400 Fax: 248-585-7960 
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RED-D-ARC 
Quality-Checked" 
Used Equipment 

www.red-d-arc.com 

An Excellent Selection of Used Welding 
and Poeltfoning Equipment for Sale 

1-800-245-3660 
Service Centers Across North America 

A World With Trees...with productive lane{ 
clean air and water, and hAbitatJbr wildli~ 

Trees 
Malta Wodd 

Te--  es2 : : i ;  2 ~ ] d ;  :D~ i f : i :  nc:. 

mud, and dear-running streams that 

are home to fish and wildlife. 

Trees Make a World of Difference. 

Between farm fields that blow away 

to the next county, and productive 

land where crops and precious topsoil 

are protected by field windbreaks. 

Conservation ~ 

Trees conserve 
C~SERVATION TRE~S 

precious topsoil, control energy costs, 

and make life more enjoyable and 

productive. 

Find out how 

~" ~ C o n s e r v a t i o n  

~- ~ : Trees can make a 

~ world of differ- 

A WorldWitboutTmes ence for you. For 

your free booklet write: Conservation 

Trees, The National Arbor Day Foun- 

dation, Nebraska City, NE 68410. 

~ The National 
Arbor Day Foundation 
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Make A 
Difference 

There are lots of ways you can help change our world. 
If you're concerned about the environment, and our 
planet's future, you can make a difference. You can plant 
a tree. 

It's amazing all the things trees do. They help clean 
our water with roots that filter out chemicals and hold 
the topsoil in place. They give our planet oxygen so we 
can all breathe a little easier. And they make your corner 
of the world even more enjoyable. 

It's wonderful what people can do when they work 
together, planting trees and supporting their local urban 
forestry program. 

Make a difference in your community. Plant trees 
and support Tree City USA where you live. For more 
information, write: Tree City USA, The National Arbor 
Day Foundation, Nebraska City, NE 68410. 

T h e  N a t i o n a l  
A r b o r  D a y  F o u n d a t i o n  ® 
www.arborday.org 
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WELDING R E S E A R C H  

SUPPLEMENT TO THE WELDING JOURNAL, APRIL 2000 
Sponsored by the American Welding Society and the Welding Research Council 

The Welding of Structural Steels without Preheat 

A program was initiated to evaluate whether current guidelines for preheat should 
apply to low hardenability steels 

BY A. J. KINSEY 

ABSTRACT. As a result of recent steel 
making trends toward low hardenability 
thermomechan ical ly control led 
processed (TMCP) steels and the devel- 
opment of lower hydrogen-potential 
welding consumables, the possibility of 
welding even thick-section structural 
steels without preheat is becoming more 
feasible. Current British guidelines for 
very low-hydrogen-potential consum- 
ables that deposit less than 5 mL H2/100 
g deposited weld metal (Scale D con- 
sumables according to BS 5135) are 
largely based on cracking data obtained 
mostly on high-carbon equivalent steels. 
A program was therefore conducted at 
TWl to assess the validity of the current 
guidelines when applied to low harden- 
ability steels. 

In general, good agreement was ob- 
served between the HAZ cracking be- 
havior and that predicted by the TWl 
nomograms. Steels of low-carbon equiv- 
alent were successfully welded using the 
shielded metal arc welding (SMAW) and 
flux cored arc welding (FCAW) processes 
without the application of preheat using 
low-hydrogen, Scale D consumables. In 
most cases, the present TWl nomograms 
correctly predicted cracking behavior, al- 
though the deleterious effect of low sul- 
fur on cracking tendency was noted 
when welding some steels. The use of 
very low-hydrogen consumables is to be 
encouraged since, in conjunction with 
low-carbon equivalent steels, they can 
reduce the requirement for preheat to 

A. J. KINSEY, previously with TWl, is now with 
Royal and Sun Alliance Engineering, Man- 
chester, U. K. 

avoid HAZ hydrogen cracking and, 
therefore, reduce fabrication costs. The 
TWI nomograms provide a good basis for 
the derivation of procedures for such 
consumables. 

Introduction 

A comprehensive scheme for predict- 
ing statistically based, safe welding pro- 
cedures for structural steels was first pub- 
lished in 1970 (Ref. 1). Industry is now 
familiar with the nomograms that were 
developed from this work and are pre- 
sented in BS 5135:1984 (Ref. 2). Such 
nomograms enable the prediction of suit- 
able safe welding conditions for the 
avoidance of heat-affected-zone (HAZ) 
cracking in carbon and C-Mn steels. 
Based on practical experience, these 
nomograms have been updated and 
modified since their first introduction in 
1972 (Ref. 3), notably by the introduction 
of a revised second edition of the TWI 
publication Welding Steels without Hy- 

KEY WORDS 

Preheat 
TMCP 
Low Hardenability 
Low Hydrogen 
SMAW 
FCAW 
Nomograms 
Diffusible Hydrogen 

drogen Cracking (Ref. 4) and the pro- 
posed pr EN 1011-2 (Ref. 5). Currently, 
four hydrogen levels are recognized in BS 
5135:1984 (viz Scale A through D). To 
conform to scale D, which represents the 
lowest weld metal hydrogen content, the 
hydrogen potential of a given consum- 
able must be less than 5 mL H2/100 g de- 
posited weld metal. More recently, how- 
ever, a fifth Scale E level (<3 mL H2/100 
g deposited weld metal) has been pro- 
posed for pr EN 1011-2 (Ref. 5). With the 
emergence of low hardenability thermo- 
mechanically controlled processed 
(TMCP) steels, and the development of 
lower hydrogen-potential welding con- 
sumables, the possibility of welding even 
thick joints without preheat has arisen. 
This would obviously lead to a favorable 
reduction in fabrication costs in a wide 
variety of situations and industries. 

However, at present, few controlled 
thermal severity (CTS) test cracking data 
exist at hydrogen levels below the Scale 
D limit (5 mL hydrogen/100 g deposited 
weld metal). Indeed, most of the previous 
tests were performed on older, high-car- 
bon equivalent steels (Ref. 1 ) and a need 
exists to extend the data to lower carbon 
equivalent steels. Therefore, the principal 
aim of this work was to define quantita- 
tive limits on material composition, hy- 
drogen level and weld thermal cycle that 
would enable preheat above normal am- 
bient to be avoided without inducing 
HAZ hydrogen cracking. 

In addition, some concern has been 
raised over the necessity to apply preheat 
to "dry the plate" and eliminate any ad- 
verse effects of water that may be present. 
Practically, moisture of this nature usu- 
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Table 1 - -  Compositions of Steel Plates Used for CTS Testing 

Element wt-% 
Plate Grade of 
Identity Steel Pla~ C S P Si Mn Ni Cr Mo V Cu Nb ~ AI 

1B433 50 0.18 0.037 0.018 0.45 1.57 0.04 0.02 0.010 0.002 0.060 0.047 <0.002 0.045 
1B789 50D 0.19 <0.002 0.021 0.28 1.38 0.01 0.02 <0.005 <0.002 0.005 0.024 <0.002 0.047 
1B704 55 0.05 <0.002 0.012 0.27 1.39 0.80 0.01 <0.005 <0.002 0.940 0.015 0.011 0.021 
1B457 50E 0.17 0.015 0.010 0.26 1.17 0.01 0.01 0.005 <0.002 0.010 0.063 0.002 0.030 
1B485 50E 0.08 0.006 0.014 0.40 1.39 0.22 0.06 0.010 0.060 0.230 0.018 0.009 0.030 
1 B859 50D 0.10 0.003 0.015 0.30 1.35 0.005 0 . 0 1  0.005 0.002 0.005 0.002 0.005 0.040 
1 B885 50E 0.06 0.004 0.011 0.26 1.28 0.51 0.01 0.005 0.002 0.005 0.021 0.017 0.038 

Plate Grade of B Sn Co As 
Identity Steel Plate 

1 B433 50 <0.0003 0.005 0.01 - -  
1B789 50D . . . .  
1B704 55 <0.0003 0.010 <0.005 <0.005 
1B457 50E <0.0003 <0.005 <0.005 0.023 
1B485 50E 0.0005 <0.005 0.010 <0.005 
1B859 50D <0.0003 <0.005 <0.005 <0.005 
1B885 50E <0.0003 <0.005 0.010 <0.005 

Element wt-% 
Ca Pb Zr O N CE,w 

- -  - -  - -  0.0035 0.0076 0.45 
- -  - -  - -  0.0004 0.0041 0.43 

<0.0003 <0.002 <0.005 0.0020 0.0074 0.40 
<0.0003 <0.005 <0.005 0.0024 0.0066 0.37 
<0.0003 <0.005 <0.005 0.0009 0.0091 0.37 
<0.0003 <0.005 <0.005 0.00086 0.0028 0.33 

0.0034 <0.005 <0.005 0.0049 0.0047 0.31 

Table 2 - -  Deposited Weld Metal Diffusable Hydrogen Levels for CTS Test Weld Consumables 

Drying Welding Diffusible 
Conditions Conditions Hydrogen 

Content mL/100 
Deposited 

Metal TWl 
Temperature, Time, Current, Voltage, Final Analysis 

°C (h) A V (21 day) No. 

As-received 364 23.2 1.7 H93/6 

As-received 169 21.6 3.3 H92/23 

350 2 162 21.2 4.4 H92/22 

350 2 162 20.7 3.9 H92/21 

Consumable 
Type/ 
Specification 

Medium alloy highly 
basic flux cored wire 
AWS E80T5-G/Argoshield 
20 gas (18 Umin) 
flow rate, 20-mm 
electrode extension 
Moisture-resistant 
basic coated low- 
hydrogen (vacuum 
packed) BS639 E5155B 
AWS 5.1 E7018-1 
Basic coated low- 
hydrogen BS639 
1986 E5154B (120 2 6H) 
AWS 5.1-81 E7018 
Basic coated BS639 
1986 E5154B (120 2 6H) 
AWS 5.1-81 E7018 

Experimental  Detai ls 

Materials and Consumables 

In all, seven steels were studied that 
were representative of old and new steels, 
and a brief description of each is provided 
below in order of carbon equivalent. 

1) 0.31 CE,w, 0.06%C, TMCP steel 
(Grade 50E), TWl identity No.1 B885. 

2) 0.33 CE,w, 0.10%C, TMCP steel 
(Grade 50D), TWl identity No.1 B859. 

3) 0.37 CEIl w, 0.1 7%C, microalloyed, 
normalized C-Mn-Nb steel (Grade 50E), 
TWl identity No.1 B457. 

ally forms as condensation when a cold 
plate is brought into a warmer fabrication 
shop. Therefore, the effects of moisture 
contamination on the propensity for hy- 
drogen cracking was also briefly assessed 
using a variety of methods to simulate 
this phenomenon. 

The above objectives were met by 
generating control led thermal severity 
(CTS) test data on a range of steels, using 
consumables with hydrogen levels that 
conformed to the Scale D level. Tests 
were performed at ambient temperature 
both with and without the application of 
a contaminant such as water. 

4) 0.37 CE,w, 0.08%C, microalloyed, 
normalized, C-Mn-Ni-Cu-Nb-V-Ti, Ca- 
treated steel (Grade 50E), TWl identity 
No. lB485. 

5) 0.40 CEuw, 0.05%C, control led 
rolled and aged steel (Grade 55), TWl 
identity No.1 B704. 

6) 0.43 CE~lw, 0.19%C, low sulfur C- 
Mn steel, low oxygen content, Al-treated 
(Grade 50D), TWl identity No.1 B789. 

7) 0.45 CE,w, 0.18%C, high sulfur C- 
Mn steel (Grade 50), TWl identi ty 
No.1 B433. 

Most of the steels were obtained while 
the now superseded BS 4360 standard 
was in existence and have been assigned 
a grade covered by that standard. The 
steels designated Grade 50 would have 
had a minimum yield strength typically 
of around 350 N/mm 2 (-50 ksi), whi le 
the Grade 55 would have had a mini- 
mum yield strength of around 450 
N/mm 2 (-65 ksi). Grades 50D and 50E 
wou ld  be equivalent to Grades 
S355J2G3 and $355N in BS EN 
10025:1993 and BS EN 10113:1993, re- 
spectively, whi le Grade 55 would be sim- 
ilar to $460N. 

All CTS tests were conducted using 
50-mm (-2-in.) thick plate. The oxygen 
and nitrogen contents of the steels were 
determined by inert gas fusion; all other 
elements were determined using a direct 
reading optical spectrometer on 
remelted samples. Grades and composi- 
tions are given in Table 1. 

Three shielded metal arc (SMAW) 
electrodes and one f lux cored wire 
(FCAW) were chosen. Details of the con- 
sumables, the drying conditions and dif- 
fusible weld metal hydrogen levels are 
given in Table 2. Procedures given in BS 
6693: Parts 3 and 5 were fol lowed to de- 
termine the deposited weld metal hy- 
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drogen levels (Refs. 6, 7). Hydrogen was 
collected at room temperature over mer- 
cury. All four consumables conformed to 
Scale D hydrogen level as defined in BS 
5135: 1984. 

Welding 

All consumables were used in the 
same condition as employed for the hy- 
drogen analyses. Shielded metal arc 
welds were produced using an auto- 
matic welding system as described by 
Pedder and Watkinson (Ref. 8). All welds 
were produced using 4-mm (s/~2-in.) di- 
ameter electrodes. Welding current and 
voltage were held essentially constant, 
and the travel speed was adjusted so that 
a range of arc energies could be investi- 
gated for each plate/consumable combi- 
nation. For SMAW, 21-24 V and 
160-170 A were used such that arc en- 
ergies of between 0.8 and 1.45 kJ/mm 
(approximately 20 and 37 kJ/in., re- 
spectively) were obtained. 

Flux cored arc welds were deposited 
automatically by fixing the welding gun 
to an automatic traverse machine usually 
used for submerged arc welding (SAW). 
A wire diameter of 1.6 mm ('/16-in.) was 
used throughout. Approximately 23 V 
and 320-375 A were employed such that 
the arc energy was varied between 0.6 
and 1.5 kJ/mm (approximately 15 and 38 
kJ/in., respectively). 

Controlled Thermal Severity Testing 

The self-restrained controlled thermal 
severity (CTS) test block assembly used 
during this program is described in BS 
7363:1990 (Ref. 9) and is shown in Fig.1. 
Single-pass welds were deposited in the 
flat position across the full width of the 
block in accordance with BS 7363:1990 
(Ref. 9). In total, six faces were examined 
metallographically for cracking from 
each test weld. A Vickers hardness survey 
of the coarse-grained HAZ was carried 
out on one face taken from each weld 
using an indenting load of 5 kg. The face 
showing maximum cracking was chosen 
for cracked welds, while a face taken 
from the midlength was used for un- 
cracked welds. 

Controlled Thermal Severity Testing with 
Moisture Contamination 

The procedure outlined above was 
also performed on test blocks whose sur- 
faces were covered in moisture to simu- 
late condensation as may occur when 
cold plate is brought into a warmer fab- 
rication shop and no preheat is used. 
Three methods were employed in order 
to introduce water onto a clean, de- 
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Fig. 1 - -  Contro l led thermal severity (CTS) test b lock configuration. 

Table 3 - -  Deposited Weld Metal Diffusible Hydrogen Level for Consumable Used for CTS 
Test Welds with Humidity-Cabinet-Induced Moisture 

Consumable Type/ 
Specification 

Basic coated BS639 
1986 E5154B 
(120 2 6 H) 
AWS 5.1-81 E7018 

Drying Conditions Welding Conditions 

Temperature, Time, Current, Voltage, 
°C (h) A V 

350 2 165 21.8 

Diffusible Hydrogen 
Content, mL/100g (~ 

Deposited 
Metal 

5.2,5.1,4.3 
4.9 

(a) indiv idual  values 
mean 

Table 4 - -  CTS Test Weld Data for Plate 1 B885 (50-mm thickness, 150-mm combined thick- 
ness, 0.31CE.w) 

Welding Weld Cooling 
Parameters Characteristics 

Diffusible H 2 Proportion 
mL/100 g Mean Weld HAZ of Faces 
Deposited Travel Arc HAZ Metal Cracking/No Cracked 

Weld Weld Speed, Energy, Ats00-s00, Hardness Hardness Cracking, from a 
No. Metal mm/min kJ/mm s HV5 (a) HV5 C/NC Total of Six 

W45 4.4 267 0.83 3.6 239-223 263 NC 0 
233 

W47 4.4 253 0.89 3.2 245-218 261 NC 0 
235 

(a) Presented as max. -min.  
average 

greased test block. First, test blocks were 
placed in a cold refrigerator at 13°C or 
6°C (55°F or 43°F) in order to induce the 
formation of dew on the test block sur- 
face when brought into the laboratory. 
Second, blocks were placed in a freezer 

at -2°C (-19°F), which resulted in frost 
formation on the test block. Finally, 
blocks were placed in a humidity cabinet 
at approximately 30°C (86°F) and 87% 
relative humidity. This induced water 
droplet formation after approximately 45 
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Table 5 - -  CTS Test Weld Data for Plate 1 B859 (50-mm thickness, 150-ram combined thick- 
ness, 0.33CEll w) 

Welding 
Parameters 

Diffusible H 2 Proportion 
mL/100 g Mean Weld HAZ of Faces 
Deposited Travel Arc HAZ Metal Cracking/No Cracked 

Weld Weld Speed, Energy, Atso0_soo, Hardness Hardness Cracking, from a 
No. Metal mm/min kJ/mm s HV5 <'~ HV5 C/NC Total of Six 

4.4 267 317-252 253 
295 

336 280 265 
305 

Weld Cooling 
Characteristics 

W44 0.85 3.1 NC 0 

W46 4.4 240 0.93 - -  NC 0 

(a) Presented as max.-min. 
average 

Table 6 - -  CTS Test Weld Data for Plate 1 B485 (50-mm thickness, 150-mm combined thick- 
ness, 0.37CE,w) 

Welding Weld Cooling 
Parameters Characteristics 

Diffusible H2 Proportion 
mL/100 g Mean Weld HAZ of Faces 
Deposited Travel Arc HAZ Metal Cracking/No Cracked 

Weld Weld Speed, Energy, At~300_so0, Hardness Hardness Cracking, from a 
No. Metal mm/min kJ/mm s HV5 ~a~ HV5 C/NC Total of Six 

W57 4.4 282 0.78 - -  362-345 280 NC 0 
350 

W56 4.4 259 0.93 - -  367-313 283 NC 0 
347 

W60 1.7 513 0.8 - -  362-310 269 NC 0 
340 

W61 1.7 559 0.87 - -  358-325 261 NC 0 
34O 

(a) Presented as max.-min. 
average 

Table 7 - -  CTS Test Weld Data for Plate 1 B457 (50-mm thickness, 150-mm combined thick- 
ness, 0.37CEuw) 

Welding Weld Cooling 
Parameters Characteristics 

Diffusible H~ 
m L/100 g 
Deposited Travel Arc 

Weld Weld Speed, Energy, Ats00_~00, 
No. Metal mm/min kJ/mm s 

W54 4.4 253 0.9 - -  

W55 4.4 259 0.9 2.8 

W63 4.4 246 0.96 2.7 

W71 4.4 206 1.1 - -  

W73 4.4 178 1.23 3.3 

W72 4.4 165 1.32 4.4 

W58 1.7 513 0.8 2 

W59 1.7 513 0.87 - -  

(a) Presented as max.-min 
average 

Proportion 
Mean Weld HAZ of Faces 

HAZ Metal Cracking/No Cracked 
Hardness Hardness Cracking, from a 

HV5 ~ HV5 C/NC Total of Six 

396-325 291 NC 0 
360 

376-353 287 C 4 
364 

418-349 291 C 1 
373 

391-310 292 NC 0 
369 

391-349 282 C 2 
373 

412-358 277 NC 0 
385 

396-349 283 NC 0 
370 

401-296 298 NC 0 
350 

min of exposure. All  test welds were 
made immediately after the block was re- 
moved from the freezer, refrigerator, or 
humidity cabinet. Two shielded metal arc 
consumables were used that produced 
weld metal hydrogen levels of 3.9 mL or 
4.4 mL/100 g deposited weld metal when 
welding was performed under normal, 
dry conditions (Table 2). A measure of the 
actual deposited weld metal hydrogen 
with humidity-cabinet-induced surface 
moisture was made for the 3.9 mL/100 g 
deposited weld metal consumable. This 
was compared to the result obtained 
under normal, essentially dry, condi- 
tions. Two steels were evaluated using 
this technique, corresponding to 0.45 
and 0.33 carbon equivalents. 

Results 

Hydrogen Levels 

The hydrogen levels determined for 
each consumable are shown in Table 2. 
All are observed to be within the Scale D 
level (<5 mL H2/100 g deposited metal) 
in BS 5135: 1984. 

The diffusible hydrogen present in the 
weld metal deposited on test blocks cov- 
ered with humidity-cabinet-induced sur- 
face moisture was observed to be 4.9 mL 
H2/100 g deposited metal (Table 3). This 
represents an increase of 1 mL H2/100 g 
deposited weld metal in comparison 
with the previous result obtained under 
nominally dry conditions. Further assess- 
ment and data generation would be re- 
quired to establish if this is a "real" dif- 
ference. However, the value of 4.9 mL 
H2/100 g still conforms to the Scale D 
level stipulated in BS 5135: 1984. 

CTS Test Data 

All CTS test weld results (without 
moisture contamination) are presented in 
Tables 4-10 for each indiv idual  steel 
composition. The HAZ cracking behav- 
ior is presented in Figs. 2-5. The pre- 
dicted arc energy for the avoidance of hy- 
drogen cracking, as defined by TWl 
nomograms for 50-mm (2-in.) thick 
steel/no preheat/Scale D hydrogen is also 
shown. (Note that the term "arc energy" 
describes the energy supplied by the arc, 
whi le the term "heat input" refers to the 
heat input into the steel being welded. 
The difference between the two terms is 
accounted for by the "arc efficiency" of 
the welding process. The arc efficiency of 
SMAW and FCAW is 80% for the pur- 
poses of the TWl scheme). The maximum 
HAZ hardness is recorded adjacent to 
each crack/no crack data point. 

Cracking was seen to occur in steel 
1 B789 at a marginally higher arc energy 
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than that predicted as being safe by the 
TWl nomogram for a carbon equivalent 
of 0.43 (Figs. 2 and 5). Steel 1 B704 (0.40 
CEuw) showed a single cracked weld at 
an arc energy assumed to be safe, ac- 
cording to the TWl predictive scheme 
(Fig. 3), while steel 1B457 produced 
cracking in three test welds at conditions 
also predicted to be safe by the nomo- 
gram - -  Fig. 5. However, the other steels 
behaved in accordance with the TWl pre- 
dictive scheme. Indeed, for steels 1 B885, 
1 B859 and 1 B485, which corresponded 
to carbon equivalents of 0.31, 0.33 and 
0.37, respectively, no HAZ cracking 
could be produced, even when the low- 
est practicable arc energies (~0.8 kJ/mm) 
were employed. 

In three steels for which a crack 
threshold could be established, the criti- 
cal HAZ hardness at which cracking oc- 
curred (defined as the lowest value of 
maximum hardness in a cracked sample, 
HVcrit) was observed to vary between 
376 and 437 HV5 and generally ap- 
peared to decrease with lower CEuw - -  
Fig. 6. However, for steel 1 B704 where a 
single cracked weld was observed, this 
cracking occurred at a maximum HAZ 
hardness of 296 HV5. 

CTS Test Data with Moisture Contamination 

All CTS test weld results with moisture 
contamination are presented in Tables 11 
and 12 for each steel composition exam- 
ined. The cracking behavior is presented 
graphically in Fig. 7. The highest arc en- 
ergy at which cracking was observed 
under dry conditions is also plotted. 

For the steel of lowest carbon equiva- 
lent, 0.33 (1 B859), no HAZ cracking was 
observed, even when consumables with 
a potential hydrogen level of 4.4 mL 
H2/100 g (when used in nominally dry 
conditions) were employed to weld a 
block covered with frost. The combina- 
tion of frost, no preheat and use of the 
highest Scale D consumable (4.4 mL 
H2/100 g) constitutes the worst case ex- 
amined, but cracking was not induced for 
the lowest practicable arc energy. 

The lowest uncracked result for the 
CTS tests performed on steel 1B433 of 
0.43 CEIl w was observed to be at 1.46 
kJ/mm. This is ~0.2 kJ/mm higher than 
that observed for the same steel/consum- 
able combination when welding was 
performed without contamination and 
does not represent a significant effect of 
surface moisture. 

Metallographic Observations of Transverse 
CTS Test Specimens 

CTS welds made by the SMAW and 
FCAW processes showed similar flat or 
convex bead surface profiles. However, 
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Fig. 2 - -  Controlled thermal severity test cracking data (1.50 mm combined thickness, no pre- 
heat, FCAW, 1.7 mL H2/100 g). 
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Fig. 3 - -  Controlled thermal severity test cracking data (150 mm combined thickness, no pre- 
heat, SMAW, 3.3 mL H2/1OO g). 

the root geometries for both processes 
were often different as shown in Fig. 8A 
and B. The flux cored wire welds invari- 
ably showed an acute angle between the 
weld metal and top plate in the root re- 
gion of the vertical leg of the CTS test 
block. This was always an obtuse angle 
in shielded metal arc welds. When heat- 
affected-zone cracking was observed, it 
was always in the vertical leg of the fillet 
weld and initiated at the root region in 
the grain-coarsened HAZ. 

Discussion 

Comparison of CTS Test Results with TWI 
Predictive Scheme 

The CTS results presented in the plots 
shown in Figs. 2 5 indicated that, in gen- 
eral, good agreement was observed be- 
tween the HAZ cracking behavior and 
that predicted by the TWl nomograms. 
For the Scale D hydrogen level and a 
combined thickness of 150 mm, the 
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Table 8 - -  CTS Test Weld Data for Plate 1 B704 (50-mm thickness, 150-mm combined thick- 
ness, 0.40CEuw) 

Welding Weld Cooling 
Parameters Characteristics 

Diffusible H2 
mL/100 g 
Deposited Travel Arc 

Weld Weld Speed, Energy, Dts00-s00, 
No. Metal mm/min kJ/mm s 

W53 4.4 255 0.89 - -  

W52 4.4 246 0.93 - -  

W41 3.9 - -  0.9 3.0 

W40 3.9 - -  1.0 3.2 

W37 3.9 475 1.01 - -  

W30 3.3 260 0.8 2.8 

W28 3.3 234 0.95 3 

W26 3.3 223 0.95 - -  

W24 3.3 203 1.02 - -  

W32 3.3 187 1.07 - -  

(a) Presented as max.-min. 
average 

Proportion 
Mean Weld HAZ of Faces 

HAZ Metal Cracking/No Cracked 
Hardness Hardness Cracking, from a 

HV5 (a) HV5 C/NC Total of Six 

303-252 283 NC 0 
280 

303-260 265 NC 0 
285 

299-234 258 NC 0 
268 

280-244 266 NC 0 
263 

296-262 268 NC 0 
280 

310-262 286 NC 0 
291 

296-274 297 C 4 
288 

293-249 269 NC 0 
268 

286-257 257 NC 0 
269 

289-241 286 NC 0 
271 

1.8 

1.6 

1.4 

1.2 '-a 
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Fig. 4 - -  Controlled thermal severity test cracking data (150 mm combined thickness, no pre- 
heat, SMAW, 3.9 mL H2/100 g). 

scheme predicts HAZ cracking can be 
avoided without preheat at low arc ener- 
gies (~0.8 kJ/mm) with steels whose car- 
bon equivalent is less than approximately 
0.42. For the majority of situations ex- 

amined experimentally, this was indeed 
the case. However, three steels exhibited 
behavior that required further considera- 
tion, and these wil l  be treated individu- 
ally below. 

First, the low-sulfur steel 1B789 
(0.43CEllw, 0.19%C) showed cracking at 
marginally higher arc energies than pre- 
dicted when welding was performed 
with consumables that gave 1.7 mL 
H2/100 g deposited weld metal and 4.4 
mL H2/100 g deposited weld metal (Fig. 
2 and 5, respectively). However, it should 
be noted that the cracked result of high- 
est arc energy was only -0.25 kJ/mm 
above the TWl "safe" prediction line. To 
put this in perspective, BS 7363 states 
that crack/no crack boundaries should 
preferably be quoted to within 0.3 
kJ/mm. Thus, it is questionable whether 
the behavior of this steel is adequately 
described by the scheme or not. How- 
ever, this steel does have a very low sul- 
fur content (<0.002%), and the possible 
adverse effect of this on the risk of HAZ 
hydrogen cracking (Ref. 10) has not been 
taken into account in init ially plotting the 
results in Figs. 2-5. If allowance for a low 
sulfur effect is taken into account by in- 
creasing the carbon equivalent value 
(Ref. 4 suggests it may be necessary to in- 
crease this by 0.03), then the behavior is 
adequately described. 

Another steel that showed apparently 
anomalous cracking behavior was 1 B704 
(0.40 CEllw). Again, this may be consid- 
ered as a low-sulfur steel for the predic- 
tion of weld procedures to avoid HAZ 
cracking, thus effectively making this a 
0.43 CEIl w steel. One incidence of crack- 
ing was observed at 0.95 kJ/mm arc en- 
ergy when welding was performed with 
the 3.3 mL H2/100 g deposited weld 
metal, hydrogen-potential shielded 
metal arc consumables - -  Fig. 3. This re- 
sult is therefore in accordance with the 
TWl scheme. In addition to the effect of 
low-sulfur content, however, the high 
weight percent of nickel and copper 
(0.80 and 0.94 wt-%, respectively) is also 
noted in the composition, and this may 
also have contributed to cracking behav- 
ior. Indeed, a steel of this composition 
was reported by Pargeter and Hart to pro- 
duce HAZ cracking under conditions not 
expected based on the TWl nomograms 
(Ref. 11); it may be that such levels of 
nickel and copper are not adequately de- 
scribed by the CEll w. 

Finally, the other steel in which HAZ 
cracking was observed under apparently 
safe welding conditions was 1 B457 (0.37 
CEtlw, 0.1 7 wt-% carbon) - -  Fig. 5. No- 
tably, cracking was observed only when 
welding was performed with the con- 
sumables that showed the highest hydro- 
gen potential (4.4 mL H2/100 g deposited 
weld metal), which still conformed to 
Scale D. Also, the maximum HAZ hard- 
nesses observed with this steel were sig- 
nif icantly higher than those of similar 
carbon equivalent steels used in this 
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work. From consideration of the maxi- 
mum hardness values obtained for a 
given cooling rate, it would appear that 
the hardenability of this steel is close to 
or beyond the upper bound of behavior 
originally introduced by Bailey (Ref. 3) Diffusible H~ 
into the nomogram scheme. Why this mL/100 g 
should be is not clear from the chemical Deposited Travel Arc 
analysis of the steel, but it should be Weld Weld Speed, Energy, At~,> ~0, 
noted that this steel has an untypically No. Metal mm/min kJ/mm s 
high niobium level for today's structural w12 4.4 187 1.13 - -  
steels, and the steel also has higher car- 
bon and lower manganese levels than are w18 4.4 180 1.22 4.4 
typical of many of today's structural 
steels. The increased hardenability asso- w19 4.4 167 1.3 5.2 
ciated with niobium-containing steels is 
accounted for in certain other carbon w14 4.4 173 1.32 - -  

equivalent formulas used to assesss a w21 4.4 156 1.4 4.8 
given steel's weldabil i ty (Refs. 12-14). 

To summarize, the present CTS test W16 4.4 156 1.45 - -  
work for combined thicknesses up to 150 
mm has confirmed that, in general, steels w17 3.9 246 0.87 2.8 
with a low-carbon equivalent can indeed 
be welded successfully in line with TWl w15 3.9 234 0.97 i 

guidelines without the application of pre- Wl l  3.9 213 1.04 - -  
heat when low-hydrogen consumables 
(<5 mL H2/100 g deposited weld metal) Wl 3 3.9 187 1.11 - -  
are used. The data obtained in this work 
consolidate the limited CTS data previ- w22 L9 167 1.24 5 
ously acquired at TWl for identical plate 
thicknesses and hydrogen levels without W20 3.9 156 1.44 - -  

preheat (Ref. 15). No shortcomings in the w27 ;3.3 234 0.91 2.8 
TWl predictive scheme were highlighted 
by the previous work, although only two w25 3.3 223 0.97 - -  
steels were investigated. It would be ex- 
pected that, as the hydrogen level of the w23 3.3 195 1.05 - -  
consumable is lowered, the cracking tol- 
erance of hard heat-affected zones would w3~ ~.3 187 1.1 - -  
increase, i .e., the critical hardness for w31 3.3 173 1.2 4 
cracking would  be expected to rise. 
Comparison of the critical hardnesses w29 3.3 167 1.3 - -  
measured in the present work with those 
obtained for test welds deposited with w36 1.7 675 0.64 - -  
Scale B (-12 mL/100 g) shown in Fig. 9 
do indicate that this expected trend has w35 1.7 491 1.05 - -  

been observed (Ref. 1 6). W38 1.7 1.2 4 

W39 1.7 No data 1.3 4 

W43 1.7 350 1.4 - -  

W42 1.7 323 1.5 - -  

Comparison of SMAW and FCAW Processes 

Steel 1B789 produced similar 
crack/no-crack boundary conditions of 
-1.3 kJ/mm for both the flux cored arc 
welds at 1.7 mL H2/100 g and the 
shielded metal arc welds at 4.4 mL 
H2/100 g, whi le some reduction in criti- 
cal arc energy might reasonably have 
been expected. As was noticed earlier, 
the root profiles of the test fi l let welds 
were different for both processes. The 
acute angle observed between the weld 
metal and top plate of f lux cored arc 
welds represents an increased local stress 
concentration in comparison to the same 
region for shielded metal arc welds - -  
Fig. 8. This may be an explanation for the 
absence of an improvement in the crack- 
ing risk of the lower hydrogen flux cored 

Table 9 - -  CTS Test Weld Data for Plate 1B789 (50-mm thickness, 150-mm combined thick- 
ness, 0.43CEll w) 

Welding Weld Cooling 
Parameters Characteristics 

Proportion 
Mean Weld HAZ of Faces 

HAZ Metal Crackin~No Cracked 
Hardness Hardness Cracking, from a 

HV5 ~ HV5 C/NC ~tal  of Six 

429-401 277 NC 0 
416 

435-367 275 C 4 
413 

423-391 261 NC 0 
412 

418 376 258 C 2 
402 

435-401 258 NC 0 
419 

404 353 255 NC 0 
388 

435-407 283 C 5 
419 

441-388 257 C 6 
406 

435-423 281 NC 0 
429 

423-396 281 NC 0 
414 

423 274 263 NC 0 
356 

418-268 236 NC 0 
353 

453-412 325 NC 0 
431 

453-362 280 NC 0 
404 

447-386 313 C 4 
416 

435-310 286 NC 0 
378 

435-371 275 NC 0 
398 

435-407 277 NC 0 
421 

429-295 338 C 6 
349 

429-274 303 C 6 
381 

423-286 287 C 5 
371 

447-310 280 C 4 
368 

429-353 264 NC 0 
389 

412-317 289 NC 0 
370 

(a) Presented as max. min. 
average 

arc welds relative to the shielded metal 
arc welds referred to above. Thus, until 
more data have been generated, these re- 
sults suggest that some caution should be 
exercised when developing weld proce- 
dures for this process. 

CTS Test Results with Moisture 
Contamination 

Turning now to the CTS test welds that 

were deposited with moisture contami- 
nation, the results are plotted in Fig. 7. 
Testing performed on the 1B433 (0.45 
CEi. w) steel showed the presence of 
water contaminat ion prior to welding 
only shifted the crack/no-crack threshold 
from 1.3 kJ/mm to roughly 1.5 kJ/mm for 
welds deposited using Scale D consum- 
ables without preheat. This shift is within 
the 0.3 kJ/mm tolerance l imit for thresh- 
old arc energy as defined in BS 7363: 
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Fig. 5 - -  Controlled thermal severity test cracking data (150 mm combined thickness, no pre- 
heat, SMAW, 4.4 mL H2/lO0 g). 

Table 1 0 -  CTS Test Weld Data for Plate 1 B433 (50-mm thickness, 150-mm combined thick- 
ness, 0.45CE.w) 

Diffusible H2 
mL/100 g 
Deposited 

Weld Weld 
N o. Meta I 

Wl 4.4 

Welding Weld Cooling 
Parameters Characteristics 

Proportion 
Mean Weld HAZ of Faces 

Travel Arc HAZ Metal Cracking/No Cracked 
Speed, Energy, Ats00_500, Hardness Hardness Cracking, from a 

mm/min kJ/mm s HV5 ~a~ HV5 C/NC Total of Six 

260 0.86 - -  437-387 302 C 1 
422 (HVl0) 

(HVl 0) 
234 0.96 - -  429-401 291 NC 0 

419 
195 1.1 4 435-407 321 NC 0 

423 
180 1.2 4.8 404-371 270 NC 0 

392 
167 1.3 - -  429-407 271 NC 0 

416 
260 0.83 3.3 429-389 295 C 5 

409 
246 0.9 - -  423-386 283 C 5 

411 
234 0.96 - -  429-412 281 C 3 

422 
195 1.1 4 435-412 284 C 4 

422 
161 1.29 - -  410-376 256 NC 0 

388 
166 1.33 - -  435-407 265 NC 0 

423 
150 1.44 4 466-407 263 NC 0 

429 

W7 4.4 

W5 4.4 

W3 4.4 

W9 4.4 

W2 3.9 

Wl0 3.9 

W8 3.9 

W6 3.9 

W4 3.9 

W64 3.9 

W65 3.9 

(a) Presented as max.-min. 
average 

1990. In this context it should be noted 
that the appreciable quantity of surface 
water only led to an increase of ~1 mL 
H2/100 g in deposited weld metal dif- 
fusible hydrogen giving 4.9 mL H2/100 g, 
still just meeting Scale D. Further indica- 
tions of a minimal effect of surface mois- 
ture were demonstrated by the un- 
cracked results obtained in steel 1 B859 
(0.33 CE), which was successfully 
welded with 0.9 kJ/mm arc energy. Ob- 
servation of the welding operation re- 
vealed that most surface moisture was 
evaporated by heat from the arc before 
deposition of weld metal. This could ac- 
count for the small increase in diffusible 
weld metal hydrogen observed despite 
the apparently appreciable surface cov- 
erage of water. While it is clearly not 
good general practice to weld on joint 
preparations contaminated by moisture 
or even frost, these results indicate that 
the concern to use preheat to "dry the 
plate," even when preheat is not needed 
for cooling rate control to avoid cracking, 
may have been unduly highlighted. 

Overall Status and Practical Implications 

The results obtained in the present 
work have highlighted the benefits of em- 
ploying low-hydrogen consumables in 
order to carry out the welding of struc- 
tural C-Mn steels without preheat. In ad- 
dition to using a low-hydrogen potential 
wire/electrode, the benefit of low-carbon 
equivalent steels has also been substanti- 
ated if welding is to be successfully per- 
formed without preheat. The guidelines 
presented in the TWl nomograms would 
thus appear to be a good starting point for 
generating safe welding procedures with- 
out preheat that avoid HAZ cracking. The 
present results have also served to remind 
that low sulfur levels may increase the 
risk of HAZ hydrogen cracking and that 
due consideration of this possibility 
should be given when devising welding 
procedures. 

The present study has been aimed at 
val idati ng guidelines for the avoidance of 
HAZ hydrogen cracking at low hydrogen 
levels, but due consideration must also 
be given to avoiding weld metal hydro- 
gen cracking. Certainly for welding C-Mn 
steels, general experience is that welding 
procedures devised to avoid HAZ crack- 
ing will also avoid weld metal hydrogen 
cracking, although standards such as BS 
5135 (Ref. 2) and pr EN 1011 (Ref. 5) give 
guidance as to when these general rules 
may not apply. If very low-hydrogen- 
level (<5 mL H2/100 g) consumables are 
being used to avoid the need for preheat 
to prevent HAZ hydrogen cracking, this 
will obviously benefit the avoidance of 
weld metal hydrogen cracking. Indeed, 
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Pargeter's data indicate that for C-Mn 
steel weld metals, the weld metal crack- 
ing risk at Scale D (<5 mL H2/100 g) hy- 
drogen level is low such that preheat is 
not needed (Ref. 1 7). For the welding of 
high-strength steels with al loyed weld 
metal, however, this is less likely to be the 
case unless hydrogen levels much less 
than 5 mL/100 g - -  perhaps of the order 
of the proposed Scale E (<3 mL H2/100 g) 
- -  are used (Ref. 5). However, there are 
currently few data for higher strength 
steels for a firmer statement to be made. 

S u m m a r y  and Conclusions 

A series of CTS tests has been per- 
formed on seven C-Mn steels with car- 
bon equivalents 0.31-0.45 CEil w. 
Shielded metal arc welds and flux cored 
arc welds were deposited onto 50-mm- 
thick plates using consumables that con- 
formed to the Scale D hydrogen level. An 
assessment of the HAZ cracking behavior 
has been made and compared to previ- 
ous relevant data, in particular to predic- 
tive nomograms developed at TWl. In ad- 
dition, further CTS testing was performed 
using identical materials with test blocks 
that were covered with various degrees of 
moisture. The fo l lowing conclusions 
were derived from the work: 

1) Heat-affected-zone hydrogen 
cracking can be avoided in some steels 
with a low carbon equivalent when 
welded at combined thicknesses of up to 
150 mm (6 in.) wi thout preheat using 
very low-hydrogen consumables, i .e., 
giving <5 mL H2/100 g deposited weld. 

2) The HAZ cracking behavior at very 
low consumable hydrogen levels (<5 mL 
H2/100 g) of a range of old and modern 
C-Mn steels was found to be generally 
satisfactorily described by the TWl pre- 
dictive scheme, although recognition of 
the adverse effects of low sulfur level 
needed to be taken into account. 

3) The presence of sclrface moisture on 
CTS test blocks just before welding was 
found to have little or no effect on the risk 
of HAZ cracking, in agreement with little 
or no effect on measured weld hydrogen 
level. However, this does not negate the 
need to fol low general good practice in 
respect of cleanliness and freedom from 
moisture on weld preparations. 

4) Limited tests with a very low (1.7 mL 
H2/100 g) hydrogen flux cored arc weld 
showed no reduction in the risk of crack- 
ing compared to tests made with an 
SMAW consumable giving 4.4 mL 
H2/100 g. This may be due to a more se- 
vere root stress concentration observed in 
the flux cored arc welds. Further testing is 
needed to establish if the behavior of flux 
cored arc welds is significantly different 
than that of shielded metal arc welds. 

Table 11 - -  CTS Test Data for Plate 1 B859 (50-mm thickness, 150-mm combined thickness, 
0.33CE,w) Welded with Moisture Contamination Using Consumables That Gave 4.4 mL/100 g 
under Dry Conditions 

Weld Cooling 
Characteristics 

Proportion 
Mean Weld HAZ of Faces 

Nature of Travel Arc HAZ Metal Cracking/No Cracked 
Weld Moisture Speed, Energy, ~ t ~  s,~, Hardness Hardness Cracking, from a 
No. Contamination mm/min kJ/mm s HV5 HV5 C/NC Total of Six 

W48 Dew (13°C) 240 0.9 - -  313-289 257 NC 0 
304 

W49 Dew (13°C) 240 0.93 - -  329-285 263 NC 0 
304 

W50 Dew (6°C) 234 0.9 - -  321-282 262 NC 0 
304 

W51 Frost (-1°C) 240 0.94 2.9 :}32-265 271 NC 0 
313 

Welding 
Parameters 

* Presented as max.-min. 
average 

Table 12 - -  CTS Test Data for Plate 1 B433 (50-mm thickness, 150-mm combined thickness, 
0.45CEll w) Welded with Moisture Contamination Using Consumables That Gave 3.9 mL/100 g 
under Dry Conditions 

Welding 
Parameters 

Nature of Travel Arc 
Weld Moisture Speed, Energy, At~,~l I ,;0~, 
No. Contamination mm/min kJ/mm s 

W68 Water 192 1.16 - -  
droplets 

W67 Water 180 1.25 - -  
droplets 

W69 Water 152 1.46 - -  
droplets 

W66 Water 133 1.61 
droplets 

Weld Cooling 
Characteristics 

Pr()port ion 
Mean Weld HAZ of Faces 

HAZ Metal Cracking/No Cracked 
t4ardness Hardness Cracking, from a 

tlV5 HV5 C/NC Total of Six 

450-381 262 C 2 
42O 

447-371 270 C 4 
429 

429-401 273 NC 0 
42O 

429-407 256 NC 0 
415 

* Presented as max.-min. 
average 
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Fig. 6 - -  Critical hardness to cause cracking from CTS test without preheat. 
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Image-Based Penetration Monitoring of CO 2 
Laser Beam Welding 

Characteristics of the weld pool and plasma plume as viewed through a dual- 
camera system indicate degrees of weld joint penetration 

BY R. K. HOLBERT, R. W. RICHARDSON, D. F. FARSON AND C. E. ALBRIGHT 

ABSTRACT. A dual-camera video system 
was developed to provide real-time in- 
formation about the penetration modes 
of CO 2 laser beam welding for process 
quality monitoring and control. An ex- 
periment was designed to vary the pene- 
tration modes during welding by contin- 
uously changing the focal point position 
at different power levels and travel 
speeds. A study of the video images of the 
weld pool/keyhole region identified 
three types of weld pools: flat, depressed 
and keyhole. Images of the plasma plume 
revealed that a wispy, diverging fantail- 
shaped plume corresponded to the 
steady-state, flat and weakly depressed 
weld pools. As the power density and 
weld penetration depth increased, the di- 
verging fantail plume changed to a con- 
centrated columnar shape. A keyhole 
cavity was initiated when the diameter of 
the base of the columnar plume at the 
coupling spot (beam/material interaction 
site) and the calculated beam spot size 
were identical. Video images of the 
events during transition into and out of 
the keyhole mode from two vantage 
points were studied to identify features 
indicative of the presence of a keyhole. 
Keyhole welds were associated with a 
very intense columnar plume, elevated 
weld pool rim and several other visual 
cues. The unique perspective produced 
by the dual-camera video system could 
provide the basis for an in-process pene- 
tration control strategy and add to under- 

R. K. HOLBERT is with Siemens Westinghouse 
Power Corp., Orlando, Fla. R. W. RICHARD- 
SON, D. F. FARSON and C. E. ALBRIGHT are 
with The Ohio State University Department of 
Industrial, Welding and Systems Engineering, 
Columbus, Ohio. 

standing of the physical processes that af- 
fect laser welding penetration mode and 
pool/plume dynamics during CO 2 laser 
welding. 

Introduction 

An important feature of continuous- 
wave, carbon dioxide (CO 2) laser weld- 
ing is the ability to vary power density on 
the material surface over wide ranges by 
varying beam focus and power. Focusing 
the beam to a very small, high-power- 
density spot leads to the formation of a 
vapor cavity and a deep, narrow "key- 
hole-mode" weld. The high travel speeds 
and low thermal distortion associated 
with this welding mode give keyhole 
laser welding important advantages over 
other welding processes in certain appli- 
cations. On the other hand, shallow con- 
duction-mode laser welds generated at 
lower power densities are advantageous 
for surfacing applications where minimal 
penetration is usually desired. 

The welding mode and the weld pen- 
etration depth in either mode are deter- 

KEY WORDS 

Keyhole Mode 
CO 2 Laser 
Camera System 
Monitoring 
Conduction Mode 
Weld Penetration 

mined primarily by power density at the 
material surface, travel speed, base mate- 
rial properties and gas shielding. Since a 
number of these process inputs are sus- 
ceptible to variation, process monitoring 
and feedback control to ensure proper 
welding penetration would be beneficial. 
In-process measurement of the laser 
welding mode (whether keyhole or con- 
duction) and penetration depth is cur- 
rently not possible, but it is vital for suc- 
cessful monitoring and control 
implementation. These measurements 
are difficult because of the small size of 
the laser weld, the harsh environment 
(smoke, spatter, high temperatures, etc.) 
and the practical need to make measure- 
ments from the topside of the work. Thus, 
developments in welding mode and pen- 
etration depth measurement are critical to 
the improvement and increased applica- 
tion of in-process laser weld monitoring 
and control capability. In this investiga- 
tion, real-time images of the weld pool, 
keyhole and plume are analyzed to de- 
termine what weld mode and penetration 
information can be extracted from them. 

Laser Weld Penetration Monitoring 

Techniques that provide direct in- 
process measurements of laser weld pen- 
etration (such as X-ray or ultrasonic sens- 
ing) have not been developed to the point 
that they are generically practical for in- 
dustrial use. Thus, a popular approach 
(and the approach taken in this work) is to 
make measurements of other welding 
process information that is related to pen- 
etration and then infer the state of pene- 
tration from these measurements. Past 
work has been directed at analysis of 
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Fig. 1 - -  Top view of the video imaging equipment. 

Fig. 2 - -  Split-screen video image of a 2-kW test weld (7.62 re~rain) with the left image supplied 
by the horizontal camera and the right image supplied by the inclined camera. 

acoustic and optical emissions (Refs 1-3), 
plasma charge emissions (Refs. 4, 5) and 
video images of the laser weld pool re- 
gion. This short review concentrates on 
the latter since it is most relevant. 

Denney and Metzbower (Ref. 6) de- 
scribe a video system that visually moni- 
tors a CO 2 laser welding process. A 
pulsed, nitrogen laser was synchronized 
with a charged-coupled-device (CCD) 
camera to illuminate the weld area for 
the video images. A narrow-band line fil- 
ter was used with the camera to allow 
only the nitrogen laser light (337 nm) to 
be received by the camera. Elimination of 
the effect of the plume intensity was not 
entirely achieved by nitrogen laser light, 
but the keyhole opening is clearly visible 
in the recorded images. Voelkel and 
Mazumder (Ref. 7) report a similar mon- 
itoring system that uses a continuous- 
wave argon laser (488 nm) for illumina- 
tion. This system was used primarily for 
surface topography measurements, and 
the observations were made on shallow 
penetration laser welds. 

Bagger, et al. (Ref. 8), describe a video 
system that was used to determine the 
penetration characteristics of the CO2 
laser welding of steel in a lap-joint con- 
figuration. The system had two CCD 
cameras providing images of the top and 
bottom of the weld. The images in their 
report are clear because an R66 filter 
(transmitting wavelengths above 660 nm) 
was used with the topside camera along 
with a high-intensity lamp for suppress- 
ing the intensity of the plume emissions. 
A green filter was used with the camera 
mounted backside. Schimon and 
Mazumder (Ref. 9) used a video system 
to monitor the interface width of laser lap 
welds in sheet metal. A CCD camera with 
external laser illumination was used to 
obtain measurements of weld bead top 
width. A number of welds were made 
over a matrix of power and travel speeds. 
An empirical relation was fit between the 
weld top widths and lap-joint interface 
widths, allowing on-line prediction of in- 
terface weld width. 

Experimental Apparatus 
and Procedures 

A video system previously developed 
at The Ohio State University (Ref. 10) was 
modified to a two-camera system design 
providing real-time images of the CO 2 
laser pool and plasma plume. To investi- 
gate the capabilities of this two-camera 
video system, an experiment was de- 
signed to systematically analyze the phe- 
nomena occurring during penetration 
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Fig. 3 - -  Transition from a flat weld pool  to a depressed weld pool  from a 1.5-kW test weld (2.03 re~rain). A - -  Flat pool  image; B - -  depressed 
pool  image. 

V COUPLING SPOT 

• , ,  \ I / L I G H T  

Fig. 4 - -  Inclined-camera image of  a de- 
pressed pool  from a 1.5-kW test weld (2.03 
re~rain) showing the coupling spot, the de- 
pression and the pool  rim. 

Fig. 5 - -  Depressed weld pool  characteristics. 

mode transitions from the video images. 
Recorded video images captured the dy- 
namic behavior of the plasma and weld 
pool with power density change and re- 
sulting mode transition along the weld. 

Video System 

The video system recorded images 
from two camera systems (including 
CCD cameras, long-distance micro- 
scopic lenses and optical filters) and dis- 
played them on a split monitor screen for 
simultaneous viewing of the weld 

process from two angles to facilitate 
analysis. Images from an inclined camera 
(mounted above and behind the weld at 
45 deg to the beam axis in the direction 
of weld motion, as illustrated in Fig. 1) 
primarily provided information about 
pool characteristics, while images from a 
horizontal camera (mounted transverse 
to the direction of motion, as illustrated 
in Fig. 1) contained information about 
the plasma plume. 

Both cameras used long-distance mi- 
croscopic lenses with an approximate 
working distance of 305 mm. The cam- 

era/lens combination allowed a micro- 
scopic observation from a safe distance, 
protecting the camera and lens from 
smoke and spatter emitted by the weld. 
The shutter speed of the inclined camera 
was '/,ooo s and that of the horizontal cam- 
era was '/2oo0 s. The video frame rate was 
fixed for both cameras at 30 interlaced 
framesls. Quartz projector lamps of 300 
W were used to overpower the plasma 

.and thermal emissions so the weld pool 
could be observed clearly. One lamp was 
placed above the horizontal camera to il- 
luminate the sample's surface, as shown 
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Fig. 6 - -  Horizontal camera images of  p lume pattern variations above the depressed pool  of  a 1.5-kW test weld (2.03 m/min) as the focal point 
moves closer to the surface. 

in Fig. 1. The other lamp was mounted 
opposite to the inclined camera, also at a 
45-deg angle in the weld-axis/beam-axis 
plane. This lamp provided oblique illu- 
mination of the weld area at the angle of 
maximum specular reflection from the 
sample surface to the inclined camera to 
brighten the background area around the 
intense glow of the plasma and molten 
metal. The horizontal lamp was less ef- 
fective for illuminating the background 
because of its placement, but it did illu- 
minate the weld pool during the tests. A 
650-nm (+10 nm) narrow-band pass in- 
terference filter was used with the in- 
clined camera. This filter passed the re- 

flected, high-intensity light from the illu- 
minator and blocked much of the key- 
hole plasma emission that consisted pri- 
marily of blue visible light (as determined 
by the unaided eye). Only a No. 2 neu- 
tral density filter was used with the hori- 
zontal camera to attenuate the plume 
light intensity. 

The laser apparatus was a 3-kW, CO 2 
laser with three programmable axes of 
motion. The laser equipment included a 
motorized Z axis that positioned a 150- 
mm reflective optic for beam focusing 
relative to the workpiece. Two other rec- 
tilinear axes provided part motion under 
the laser beam. The focal point position 

could be adjusted during the test weld, 
and reflective focusing optics minimized 
the fluctuation of the position caused by 
thermal distortion of the optic material. 
Helium shielding gas flowed across the 
entire top surface of the base material 
from a plenum incorporated into the 
weld fixture. 

The beam power and travel speed 
were set prior to each test weld. Type 304 
stainless steel sheet samples of thickness 
1.5, 3.0 and 6.2 mm were used to obtain 
both partial and full penetration welds at 
different power levels. The focusing op- 
tics position was varied continuously dur- 
ing each test weld to change the power 
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density at the sample surface, producing 
transitions in weld penetration mode. 
Penetration mode transitions were from 
shallow, conduction-mode penetration at 
the weld start to keyhole-mode penetra- 
tion in the middle, reverting back to con- 
duction-mode near the end of weld. The 
standoff change magnitude was selected 
to produce a keyhole weld over roughly 
one third of the total weld length. 

The experimental design was a three- 
by-five test matrix (three power levels at 
five travel speeds for each sample thick- 
ness), which provided the high and low 
extremes with some midpoint parame- 
ters in the practical envelope of opera- 
tion, as presented in Table 1. To elimi- 
nate any systematic bias in the statistical 
design of the experiment, test welds 
were conducted in random order. Each 
test involved a continuous change of 
laser beam focus position from above (+) 
to below (-) the sample's surface. Sam- 
ples of different thickness were not ran- 
domized in the experimental sequence 
since the change from one thickness to 
another required a significant amount of 
setup time. 

Focal point position relative to the ma- 
terial surface was measured before each 
test weld using an acrylic plate beam im- 
print as described by Arata (Ref. 11). 

Results and  Discussion 

A unique characteristic of the dual- 
camera video system was its ability to pro- 
vide observations of the weld pool and 
plume from two vantage points at approx- 
imately the same time. Recorded images 
capture the changes in the plume and pool 
during the penetration mode transitions. 
Figure 2 shows a typical split-screen dis- 
play of the two-camera image of a laser 
weld in the keyhole penetration mode. 

The left image in Fig. 2 is from the hor- 
izontal camera that provided observa- 
tions of the weld pool and plume trans- 
verse to the weld axis. From this 
viewpoint, the leading edge of the pool in 
the horizontal-camera image is to the 
right. The dominant feature in a typical 
horizontal-camera image is the laser 
plume, but the molten pool can also be 
seen protruding above the sample's sur- 
face (to the left of the plume). Magnifica- 
tion of these features in the horizontal- 
camera image was approximately 31:1 of 
the actual proportions (scale bars are 
shown to allow estimation of the magni- 
fication as-published). The transitions of 
the plume during the tests are distinct in 
the horizontal-camera, image but de- 
tailed study of the time variation of the 
plume was precluded by the slowness of 
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Fig. 7 - -  Change in the plume base and coupling spot dimensions with increasing beam spot 
size for a 1.5-kW test weld (2.03 re~rain), showing a transition to keyhole mode when the three 
are roughly equal. 

the frame rate (30 Hz) relative to plume 
variation frequencies (which are known 
to range up to about 15 kHz). The camera 
used in this investigation "averaged out" 
the high-frequency plume variations. 

The right image of the video output in 
Fig. 2 is from the inclined camera with 
the optical axis at a 45-deg angle from 
vertical and to the rear of the weld. This 
camera provides observations of the top 
of the pool, and the plume is also visible 
due to the angle of the optical axis. The 
leading edge of the pool and the direc- 
tion of travel is toward the top of the in- 
clined-camera image. Some foreshorten- 
ing of the vertical dimensions of the 
image results from the angle of inclina- 
tion; the corrected vertical magnification 
of the features in the inclined image was 
approximately 21:1 of the actual dimen- 
sions. The magnification of horizontal 
features in the image was 32:1 of the ac- 
tual size. A feature that will be termed the 
"coupling spot" is also labeled in this 
camera view. In this article, the term cou- 
pling spot is used to refer to the highly lu- 
minous area where the beam is absorbed 
by the molten material and its vapor. In 
keyhole welding mode (which is studied 
in more detail later), it corresponds to the 
cavity opening. The coupling spot and 
the beam spot (intersection of the fo- 
cused beam and the surface of the work- 
piece) are also related but are not neces- 
sarily identical. Since the plume 
originates from the coupling spot, the 
width of the base of the plume and the di- 
ameter of the coupling spot should be 
comparable in the two images. The di- 

Table 1 - -  Summary of the Test Parameters 
Used for the Experimental Welds 

Sample Beam Travel Focal Point 
Thickness, Power Speed Position Relative 
mm W m/min to the Surface 

of the Sample 

1.5 700 0.25 From 
11 O0 1.02 +7.6 (above) 
1500 2.03 

3.81 To 
7.62 -7.6 (below) 

3.0 1100 0.25 From 
1500 1.02 +10.2 (above) 
2000 2.03 

3.81 To 
7.62 -10.2 (below) 

6.2 1500 0.25 From 
2000 1.02 +12.7 (above) 
2500 2.03 

3.81 To 
7.62 -12.7 (below) 

ameter of the plume base along the X axis 
in the horizontal-camera image in Fig. 2 
is 0.9 mm, which correlates closely with 
the width of the coupling spot in the in- 
clined-camera image (0.9 mm). 

Analysis of Conduction-Mode 
Weld Pool Images 

Three distinct weld pool types were 
identified from the video observations: 
flat, depressed and keyhole. The first two 
both fall under the heading of conduc- 
tion mode welds. These were generated 
by changes in power density due to the 
variation of the focal point position dur- 
ing the tests. The smooth, flat pool oc- 
curred when the focal point position was 
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Fig. 8 - -  The transition from a depressed pool  to a keyhole pool  for a 1.5-kW test weld (2.03 m/rain). A - -  Depressed pool  image; B - -  keyhole 
pool  image. 

Fig. 9 - -  Weld cross sections corresponding to plume images shown in Fig. 8. A - -  Depressed weld; B - -  keyhole weld. 

far from the sample's surface, resulting in 
a low-beam power density. As the focal 
point approached the sample surface, 
beam power density increased, creating 
a gradually deepening depression in the 
molten pool, which was visible in both 
camera views. In cases where maximum 
power density was sufficiently high, an 
abrupt transition to a keyhole weld with 
a large, turbulent pool was observed. 

Video recordings showed a depressed 
pool occurred in all of the test welds. Fig- 
ure 3 shows the transition from a flat pool 
to a depressed pool in a 1.5-kW test 
weld. The pool in the top horizontal- 
camera image of Fig. 3 is flat with an in- 
significant pool height. A small depres- 
sion just forming in the molten pool is 
seen as a faint, dark semicircle in the pool 
(barely visible in the inclined-camera 

image of the top photograph). The dark 
area denotes an inclined surface that re- 
flects light away from the inclined cam- 
era. A uniform, specular reflection is 
characteristic of the remainder of the 
pool, which is interpreted as a smooth 
surface. No plume was visible over the 
flat pools, but as power density increased 
and the pool surface became depressed, 
a faint plume appeared and gradually in- 
creased in brightness. In most cases, 
propagation of the columnar plume was 
not exactly along the beam axis but 
slightly tilted away from the axis. The 
weld pool in the bottom horizontal-cam- 
era image (after the flat-to-depressed 
transition) is an elliptical glow 0.2 mm 
above the sample surface with its reflec- 
tion below the surface. In the bottom in- 
clined-camera image of Fig. 3, the lead- 

ing portion of the slender teardrop- 
shaped depressed pool contains the cou- 
pling spot and the depression with a uni- 
formly smooth surface in the aft section 
of the pool. The bottom horizontal-cam- 
era image in Fig. 3 shows a wispy fantail- 
shaped plume 

The transition to a depressed pool was 
somewhat erratic. The depression in the 
pool generally formed, disappeared and 
reformed a number of times before 
achieving a stable depressed-pool state. 
A decrease of the weld bead width (from 
1.2 to 0.8 mm) occurred with the transi- 
tion from a flat pool to a depressed pool. 
Initially, the weakly depressed-pool 
plume had a fantail shape, which 
evolved into a columnar shape as the 
power density increased. Stabilization of 
the depressed pool generally occurred 
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when the plume was visibly present. 
In the depressed-pool images from 

both cameras, the features of primary in- 
terest are the plume, pool and coupling 
spot. Observations of the plume could be 
made from the horizontal and inclined 
images. The pool was also identifiable in 
both camera images, but the coupling 
spot was visible only in the inclined- 
camera images. The depressed pool ap- 
peared to be concave at the CO 2 laser 
beam/material interaction location. This 
observation agrees with the conclusions 
of Voelkel and Mazumder (Ref. 7) based 
on their video images of conduction- 
mode welds. Three regions of the de- 
pressed pool were identified in the in- 
clined-camera images: the rim, the 
depression and the coupling spot. Figure 
4 shows the coupling spot in the upper 
portion of the depressed pool surrounded 
by a dark band and then a very bright 
outer ring (teardrop shaped) in the in- 
clined-camera image of a 1.5-kW test 
weld. The bright outer ring is interpreted 
to be the flat, tranquil upper rim of the 
pool, projecting above the sample's sur- 
face. Where the inclination angle of the 
depression walls is unfavorable for light 
reflection into the camera, a dark band 
can be seen in the pool. A bright nucleus 
is evident at the center of this dark de- 
pression. This bright spot is identified as 
the coupling spot and is accentuated in 
the darkness of the depression in the in- 
clined-camera images. 

Based on video images of depressed 
pools, the illustration in Fig. 5 depicts the 
depressed pool relative to the laser 
beam, the high-intensity lighting and the 
optical axis of the inclined camera. The 
outer portion of the molten pool forms a 
rim around the shallow depression, 
which is in the interior of the pool lo- 
cated near the leading edge. Since the 
coupling spot is at the center of the de- 
pression, the depression and coupling 
spot are apparently centered on the 
beam axis. This observation agrees with 
the findings of Voelkel and Mazumder 
(Ref. 7). Illumination of the rim is by the 
auxiliary lighting opposite the inclined 
camera. This light is specularly reflected 
toward the inclined camera, but the 
walls of the depression are not at the ap- 
propriate angle for reflection. Thus, the 
depression appears dark in the images 
with the bright coupling spot in the cen- 
ter. Figure 5 shows the highest location 
on the rim is on either side of the de- 
pression where the Y-Z plane passes 
through the beam axis. The center of the 
coupling spot and the lowest point in the 
depression occur at the intersection of 
the beam axis and this Y-Z plane. It ap- 
pears that this location on the rim is 
composed of the displaced molten metal 

from the depression in the pool. 
Figure 6 shows six successive (but 

noncontiguous) horizontal-camera im- 
ages of the plume transformation over the 
depressed pool for a 1.5-kW test weld 
with a travel speed of 2.03 m/min. Dur- 
ing the time spanned by the six images, 
the focal point position approached the 
surface from an elevation of +10 mm 
(above the surface) in the first image to +4 
mm in the last image. There was no 
plume present in the first image when the 
pool initially changed from the flat pool 
to a depressed pool. A slightly crowned 
appearance of the pool is the only indi- 
cation the pool was not completely flat. 

The focal point position was closer to 
the surface in the second image, and the 
increased power density resulted in the 
formation of a weak, wispy, fantail- 
shaped plume over the depressed pool. 
In the third and fourth images, the fantail 
plume developed into a more distinct 
vapor cloud and began to increase in 
height as the spot size became continu- 
ously smaller. Finally, the fantail plume 
concentrated into a columnar shape, as 
seen in the fifth image. The sixth image 
shows the weld just before initiation of 
the keyhole cavity, when the beam waist 
was 4.0 mm above the material surface. 
The columnar plume was more slender 
and slightly taller than in the previous im- 
ages. No significant change was ob- 
served in the diameter of the coupling 
spot throughout the sequence, even 
though the beam spot size and the width 
of the plume base decreased. 

During the image sequence shown in 
Fig. 6, cross section measurements (re- 
peated for two welds with the same pa- 
rameters) revealed the weld pool pene- 
tration increased from 0.38 mm to 0.52 
ram. Thus, the plume shape (divergence 
angle) and height are both observables 
that could correlate to power density and 
weld depth in conduction-mode welds. 
Additional tests are required to quantify 
the relationship and determine the accu- 
racy of penetration estimates obtained 
from plume-shape measurements. 

Comparing the sizes of the various 
features in the conduction-mode weld 
images, a relationship that consistently 
predicted the transition to or from key- 
hole-mode welding was noted. Figure 7 
summarizes this result. The figure plots 
the dimensions of three features mea- 
sured in a sequence of images taken as a 
weld transitioned from keyhole to de- 
pressed mode when the focal position 
moved from -4.4 to -7.3. Prior to the 
welding mode transition, the coupling 
spot diameter, estimated beam spot di- 
ameter and plume base diameter were all 
approximately equal. This relationship is 

potentially useful in determining when a 
weld is about to switch in or out of key- 
hole mode. 

Comparison of Keyhole- and 
Conduction-Mode Weld Images 

Image observables that are potentially 
useful for detecting keyhole weld forma- 
tion were determined by studying pic- 
tures taken just before and after the tran- 
sition to and from keyhole welding. 
Figure 8 shows one video image taken 
just at the instant of the depressed-to-key- 
hole transition and another a few video 
frames later. Figure 9 shows weld cross 
photographs corresponding to the plume 
images in Fig. 8. A columnar plume is ev- 
ident in the horizontal-camera image 
and is representative of the depressed 
pool prior to the keyhole cavity forma- 
tion. However, an intense glow denotes 
a keyhole plume was beginning to de- 
velop in the inclined-camera image. The 
weld cross section in Fig. 9A shows a 
very deeply depressed conduction mode 
weld pool. Images at the bottom of Fig. 8 
show the keyhole pool and plume as they 
were beginning to stabilize. An ex- 
tremely bright, dynamic keyhole-pool 
plume (in the horizontal-camera image) 
signified the formation of the keyhole 
cavity. Also, the pool height increased 
significantly during the stabilization of 
the keyhole cavity, appearing as a 
"rooster-tail" wake behind the coupling 
spot. This wake is presumably formed by 
displacement of the molten material from 
the keyhole cavity. It also causes turbu- 
lence in the molten pool resulting in the 
"ruffled" appearance. The bottom in- 
clined-camera image in Fig. 8 shows that 
the pool widened dramatically and the 
pool shape changed from a small 
teardrop of the depressed pool to a large, 
uneven elongated ellipse of the keyhole 
pool. Keyhole initiation also resulted in 
the increase of the coupling spot dimen- 
sions. The corresponding keyhole-mode 
weld cross section in Fig. 9B confirms the 
dramatic increases in weld width and 
depth that were associated with the onset 
of keyholing. 

In summary, both the plume shape 
and intensity, as well as the measured 
weld pool height, were clear indications 
of whether or not the weld was in key- 
hole mode. Pool width and surface ap- 
pearance also appeared to be potentially 
useful for this purpose. 

Conclusions 

The investigations using the video sys- 
tem and weld images led to the conclu- 
sions below. 

WELDING RESEARCH SUPPLEMENT [ 95-s 



1) The dual-camera video system de- 
veloped during this investigation suc- 
cessfully produced simultaneous, high- 
resolution images from two vantage 
points. The cameras and optics were lo- 
cated at a sufficient distance from the 
heat and debris caused by laser material 
processing that they could be the basis of 
a practical penetration control system. 
Other restrictions, such as access to the 
weld location, might also have to also be 
accomodated during practical imple- 
mentation of such a system for a specific 
application. 

2) As observed in the horizontal-cam- 
era images, decreasing focus spot size 
generated a fantail-to-columnar plume 
shape transition. Just before keyhole initi- 
ation, the columnar plume was much 
more intense and distinct than the original 
fantail plume of a weakly depressed pool. 

3) A potentially useful correlation was 
noted between nonkeyhole weld pool 
penetration and the divergence, height 
and intensity of the plume 

4) Dimensions of selected depressed- 
pool image features were found to be re- 
lated to the formation and termination of 
the keyhole cavity. The width of the 
columnar plume base, coupling spot 
width and estimated beam spot size, 
were approximately equal immediately 
before and just after transition to and 
from keyhole welding mode. 

5) Keyhole welds were differentiated 
from flat or depressed pools in the images 

by much brighter plumes with larger vari- 
ations in size and shape and much larger 
pool heights as measured in the horizon- 
tal view. 
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Evolution of Titanium Arc Weldment Macro and 
Microstructures Modeling and Real Time 

Mapping of Phases 

Rigorous heat transfer modeling and real-time experimental mapping of phases are 
used to understand HAZ phase transformations and three-dimensional grain 

structure evolution during welding 

BY Z. YANG, J. W. ELMER, J. W O N G  A N D  T. DEBROY 

ABSTRACT. Macro and microstructural 
features in gas tungsten arc (GTA) welded 
titanium were modeled for the first time 
based on a combination of transport phe- 
nomena and phase transformation the- 
ory. A transient, three-dimensional, tur- 
bulent heat transfer and fluid flow model 
was developed to calculate the tempera- 
ture and velocity fields, thermal cycles, 
and the shape and size of the fusion 
zone. The kinetics of the (z-->13 allotropic 
transformation during continuous heat- 
ing and the corresponding (c(+[3)/[3 phase 
boundary were calculated using a modi- 
fied Johnson-MehI-Avrami (JMA) equa- 
tion and the calculated thermal cycles. 
The modeling results were compared 
with the real-time phase mapping data 
obtained using a unique spatially re- 
solved X-ray diffraction technique with 
synchrotron radiation. The real-time evo- 
lution of grain structure within the entire 
weld heat-affected zone (HAZ) was mod- 
eled in three dimensions using a Monte 
Carlo technique. 

The following are the major findings. 
First, the rates of heat transfer and fluid 
flow in the titanium weld pool during gas 
tungsten arc welding (GTAW) are signifi- 
cantly enhanced by turbulence, and pre- 
vious calculations of laminar fluid flow 
and heat transfer in arc-melted pools 
need to be re-examined. The fusion zone 
geometry, and the 0~'((z+[3) and ((z+[3)/[3 
phase boundaries in the HAZ could be 

z. YANG, and T. DEBROY are with Depart- 
ment of Materials Science and Engineering, 
The Pennsylvania State University, University 
Park, lb. J. W. ELMER and J. WONG are with 
Chemistry and Materials Science Department, 
Lawrence Livermore National Laboratory, Liv- 
ermore, Calif. 

satisfactorily predicted. Second, compar- 
ison of real-time (z--)[3 transformation ki- 
netics with the rates computed assuming 
various alternative reaction mechanisms 
indicates the transition was most likely 
controlled by the transport of Ti atoms 
across the od~ interface. Third, compari- 
son of the experimental data with the 
simulated results indicates the real-time 
evolution of the grain structure around 
the weld pool could be simulated by the 
Monte Carlo technique. Finally, the in- 
sight developed in this research could not 
have been achieved without concomi- 
tant modeling and experiments. 

Introduction 

The integrity and performance of the 
weldment depends on both its macro and 
microstructures. During fusion welding, 
the interaction of the heat source and the 
material leads to rapid heating, melting 
and vigorous circulation of the molten 
metal in the weld pool. In the weld pool, 
the heat transfer and fluid flow affect tem- 
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3-D Model 
Heat Transfer 
Fluid Flow 
Phase Mapping 
X-ray Diffraction 
Grain Growth 
Monte Carlo 

perature fields and thermal cycles, 
which, in turn, affect the macro and mi- 
crostructures of the weld metal. In the 
solid region around the weld pool, the 
thermal cycles may lead to solid state 
phase transformations and changes in the 
grain structure through annealing, re- 
crystallization and grain growth. The ki- 
netics of the phase transformations and 
the grain growth vary across the weld- 
ment and are functions of both the heat- 
ing and cooling rates and the maximum 
temperatures attained during the thermal 
cycles. These welding-induced spatial 
variations of microstructures significantly 
affect the weldment properties such as 
strength, ductility, toughness and corro- 
sion resistance. Thus, control of the 
macro and microstructure is important in 
achieving structurally sound and reliable 
welds during arc welding. 

Knowledge of the thermal cycles in 
the fusion zone (FZ) and HAZ is a pre- 
requisite for understanding microstruc- 
tural evolution in the weldment. Accu- 
rate measurements of temperature 
profiles in the FZ and HAZ are difficult, 
and noncontact techniques for the mea- 
surement of surface temperatures are still 
evolving. Mathematical modeling pro- 
vides a recourse to overcome the diffi- 
culties encountered in temperature mea- 
surements. In recent years, modeling of 
fluid flow and heat transfer in the weld 
pool have provided detailed insight 
about the welding processes that could 
not have otherwise been obtained (Refs. 
1-16). Significant progress has been 
made to understand the development of 
weld pool shape and size (Refs. 1-6), 
cooling rate (Ref. 7) and the concentra- 
tion of volatile alloying elements from 
the weld pool (Refs. 8, 9). However, ef- 
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Fig. 3 - -  Calculated temperature and velocity fields in three dimensions. Welding conditions: 
GTA, 100A, 19 V, 1.1 mm/s welding speed. 

forts to quantitatively model the devel- 
opment of weldment microstructures 
(Refs. 10-12 ), inclusion characteristics 
(Ref. 13) and concentrations of dissolved 
gases in the weld metal (Refs. 14-16) 
starting from transport phenomena are 
just beginning. 

Accurate calculation of the geometry 
and the thermal cycles in the weldment 
requires a well-tested numerical ther- 
mofluid model. In the past decade, sev- 
eral numerical thermofluid models (Refs. 
1-5) have been established to study heat 
transfer and fluid flow in arc welding 
processes in which laminar flow was as- 
sumed in the weld pool. However, recent 
experimental observations (Ref. 17) and 
theoretical calculations (Refs. 18, 19)in 
GTA welding have indicated that, in 
many cases, the fluid flow in the weld 
pool is turbulent in nature. Previous re- 
sults from two-dimensional (2-D) calcu- 
lations strongly suggested that accurate 
predictions of flow patterns and weld 
pool geometries will only be possible if 
the effects of turbulence are modeled ac- 
curately (Refs. 18, 19). In the present 
study, a well-tested, three-dimensional, 
turbulent heat transfer and fluid flow 
model (Ref. 12) was used to calculate the 
temperature field, geometry of the FZ and 
the thermal cycles in the titanium weld- 
ment during GTA welding. 

During welding commercially pure ti- 
tanium, a series of phase transformations 
take place in both the FZ and the HAZ. 
The microstructural history of the FZ is 
(x-->J3-Miquid-~[3--~(~, while that of the 
HAZ is 0~-->[3-->c~ (Ref. 20), where c~ is the 
hexagonal close-packed form of titanium 
and ~ is the body-centered-cubic form of 
titanium. In the present research, both 
real-time-based experiments and mathe- 
matical modeling were used to study the 
microstructural evolution in the HAZ of 
titanium weldment. An experimental 
method (Refs. 20-23) for observing 
phase transformation behavior during 
welding using spatially resolved X-ray 
diffraction (SRXRD) with synchrotron ra- 
diation was used to study the phase trans- 
formations in real time during the weld- 
ing of commercially pure titanium. Also, 
the extents of the phase transitions at var- 
ious locations were computed by the 
combination of the calculated thermal 
cycles and phase transition kinetics. 

As a first effort to model the phase 
transitions in titanium, only the ~--->~ 
transition during heating was considered 
in the present paper because of the 
uniqueness of the kinetic data that can be 
obtained from the SRXRD technique. 
These kinetic data are very difficult to ob- 
tain by traditional methods because the 
microstructures that form during heating 
are subsequently altered by the transfor- 

98-s [  APRIL 2000  



mations that take place during cooling. 
Under the present welding conditions, it 
is believed the ~-~]~ transformation in ti- 
tanium takes place by classical nucle- 
ation and growth process rather than 
martensitic transformation (Ref. 20). 
Thus, a modified Johnson-MehI-Avrami 
(JMA) equation (Ref. 24) was used to cal- 
culate the kinetics of the ~ transfor- 
mation during continuous heating. The 
degree of the c~--~ transition and conse- 
quently the change of phase concentra- 
tion at various locations can be calcu- 
lated by incorporating the calculated 
thermal cycles into the modified JMA 
equation. The quantitatively calculated 
phase distribution combined with the 
real-time experimental results can help 
us identify the possible mechanism of the 
@-->~ transition during welding. 

In addition to the spatial distribution 
of phases, another important microstruc- 
tural feature in the HAZ is the significant 
grain-size gradient. In the past decade, 
the Monte Carlo (MC) technique has 
been widely used to simulate the evolu- 
tion of grain structure under isothermal 
conditions (Reg. 25-27). Compared with 
the analytical method (Ref. 30), the 
Monte Carlo simulation of grain growth 
can provide not only grain growth kinet- 
ics but also detailed information on tem- 
poral grain morphology evolution. More 
recently, the Monte Carlo technique has 
been used to simulate grain growth in the 
HAZ of welds (Refs. 28, 29) The simula- 
tion of grain growth in the HAZ by the 
MC technique is more realistic than by 
the classical analytical equation, be- 
cause the temperature gradient near the 
weld interface is steep and the atomic 
mobility can vary across a single grain. 
This phenomenon cannot be taken into 
account by the classical analytical equa- 
tion; however, it can be effectively simu- 

K " ~ . ' % . " H G T ~  ~ ~ i ~ 6 ' ' ' o . . . . . . .  ~ ~.~-~, 
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Fig. 4 - -  Spatial distr ibution o f  turbulent variables. 
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Fig. 5 - -  Comparison o f  the calculated (at locat ion x = 0) and experimental  geometries o f  the 
FZ and HAZ. The width o f  the H A Z  varies with location. The width o f  the H A Z  on the top sur- 
face is less than that at the bot tom o f  the HAZ. 
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Fig. 7 - -  Calculated thermal cycles at different locations. Distances from 
welding centerline: I, 4.2 mm; 2, 5.8 ram; 3, 6.6 mm; 4, 8.2 mm; 5, 8.8 
mm; 6, 9.2 mm; 7, 9.6 mm. 

Fig. 8 - -  Comparison of  the times needed for o ~  transformation from 
JMA equation and from phase distribution map. Different mechanisms 
assumed for the application of  JMA equations are given in Table 2. Dis- 
tances from weld centefline: 1, 4.2 ram; 2, 5.8 mm; 3, 6.6 ram; 4, 8.2 
ram; 5, 8.8 ram; 6, 9.2 mm; 7, 9.6 ram. 

lated by the MC technique, in which the 
grains are subdivided into many discrete 
small units and each unit can have its 
own atomic mobility depending on the 
local temperature. 

Previous simulations of the grain 
growth in the HAZ were limited to two- 
dimensional calculations. Considering 
the significant local thermal and topo- 
logical environment change in the HAZ, 
simulation of grain growth in two dimen- 
sions is not sufficient for grain growth oc- 
curring in real welds that are three di- 
mensional. Furthermore, the width of the 
HAZ usually varies with the location in 
the actual weldment. This temperature 
dependence of spatial dimension varia- 
tion was ignored in the previous two-di- 
mensional simulations. For more realistic 
simulation, the purpose of the present in- 
vestigation is to develop a three-dimen- 
sional (3-D) MC model in which the 
whole region of the HAZ around the 
weld pool is considered. By incorporat- 
ing the calculated thermal history data at 
each site into the three-dimensional MC 
model, the simulated grain growth kinet- 
ics at each site wil l thus be strictly based 
on the corresponding thermal history - -  
Fig. 1. Therefore, the detailed thermal 
and grain topological environment at 
each site in the actual weldment can be 
taken into account. Furthermore, a simu- 
lated 3-D real-time map of grain structure 
distribution around the weld pool can be 
established by relating the grain growth 
extents at various locations with their 

temperature-time histories, as well as 
grain topological environments. This 
simulated 3-D real-time grain distribu- 
tion map can provide detailed insight in 
understanding the grain growth phenom- 
ena under the steep temperature gradient 
and transient thermal cycles that could 
not be obtained otherwise. 

The work reported here is the first at- 
tempt to systematically model the com- 
plex welding phenomena involving heat 
transfer and fluid flow, phase transition 
and grain growth. The ability to predict 
both the geometry of the weld pool and 
important microstructural features indi- 
cates significant promise for understand- 
ing both macro and microstructures of ti- 
tanium welds from the combination of 
the fundamental principles from both 
transport phenomena and phase transfor- 
mation theory. 

E x p e r i m e n t a l  P r o c e d u r e s  

Welding 

Grade 2 commercially pure titanium 
bar of 10.2 cm diameter was welded by 
gas tungsten arc (GTA) welding. The 
composition of the as-received bar was 
(in wt-%): 0.14% Fe, 0.17%0, 0.03% AI, 
0.02% Cr, 0.08% C, 0.001% H, 0.014% 
N, 0.02% Ni, 0.005% V and 0.004% Si. 
Gas tungsten arc welds were made at a 
constant power of 1.9 kW (100 A, 19 V), 
and extra high-purity helium (99.999%) 
was used as both the welding and shield- 

ing gas. The titanium bar was rotated at a 
constant speed of 0.20 rpm below the 
fixed electrode, which corresponds to a 
surface welding speed of 1.1 mm/s. Ad- 
ditional details about the welding proce- 
dure are reported in Refs. 20-23. 

Spatially Resolved X-Ray Diffraction 

A schematic diagram of the SRXRD 
experimental setup is shown in Fig. 2. 
The SRXRD experiments were performed 
on the 31-pole wiggler beam line (Ref. 
31), at Stanford Synchrotron Radiation 
Laboratory (SSRL) with Stanford Positron- 
Electron Accumulation Ring (SPEAR) op- 
erating at an electron energy of 3.0 GeV 
and an injection current of -100 mA. The 
focused monochromatic synchrotron 
beam (8.5 keV) was passed through a 
180-pm tungsten pinhole to render a 
200-pm beam on the sample at an inci- 
dent angle o f -25 deg. Additional details 
about the synchrotron beam are avail- 
able in the literature (Refs. 20-23). The 
welding assembly was integrally 
mounted to a translation stage driven by 
a stepper motor with 10-I.tm precision 
and placed inside the environmental 
chamber to prevent oxidation of the tita- 
nium during welding. Spatial mapping of 
the phases in the HAZ was performed 
using the translation stage to manipulate 
the weld (welding torch and workpiece) 
with respect to the fixed X-ray beam in 
order to probe discrete regions around 
the weld. Movements perpendicular to 
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Fig. 9 - -  A - -  Calculated ~ phase transformation along temperature-t ime profi les given in Fig. 7; B - -  calculated times needed for ~x--~ transfor- 
mat ion at dif ferent lines• 

the centerline of the weld were con- 
trolled by a computer and were achieved 
by direct translation of the workpiece 
with respect to the X-ray probe. A typical 
SRXRD run consisted of gathering 40 dif- 
fraction patterns at 200 ffm apart along a 
predetermined path to span a range of 8 
mm through the HAZ. 

SRXRD data were taken during weld- 
ing by positioning the beam at a fixed lo- 
cation with respect to the welding elec- 
trode and collecting data for 6 s per 
diffraction scan while the bar rotated 
under the torch at a constant speed. Up to 
40 scans were taken during one revolu- 
tion of the weld around the cylinder by in- 
crementally jogging the weld in 200-pm 
steps to new locations at 6-s intervals. In 
this way a series of X-ray diffraction pat- 
terns was collected for a given weld along 
a direction perpendicular to and away 
from its centerline, and thus spanning an 
8-mm range through the HAZ. Results of 
the sequential linear X-ray diffraction 
measurements made perpendicular to the 
welding direction were combined to con- 
struct a phase transformation map around 
the liquid weld pool. 

Material Characterization 

Optical metallography was performed 
on postweld samples using conventional 
polishing and etching techniques. Etch- 
ing was performed in a chemical bath of 
15 parts lactic acid, 5 parts nitric acid 
and 1 part hydrofluoric acid. To quanti- 
tatively describe the grain size gradient in 
the HAZ, the mean grain sizes at various 
distances from the weld interface were 

measured using lineal intercept method 
(Ref. 32) by placing test lines parallel to 
the weld interface. Because of significant 
grain size gradient in the HAZ, different 
magnifications in the range of 20X to 
100X were used depending on the loca- 
tions from the weld interface to ensure 
accurate grain size measurements. 

Mathematical  Model ing 

Calculation of Heat Transfer and 
Fluid Flow 

Governin~ Eauations v 

The heat transfer and fluid flow were 
calculated by numerical solution of the 
equations of conservation of mass, mo- 
mentum and energy in three-dimen- 
sional form. In this work, the transient 
problem was transformed into a steady- 
state problem by solving in a coordinate 
system, which moves with the heat 
source (Ref. 5). In the moving coordinate 
system, the velocity and enthalpy fields 
are independent of time. As a conse- 
quence, the time required for computa- 
tion is reduced significantly. The velocity 
transformation used and the transformed 
continuity, momentum and energy equa- 
tions can be expressed as follows: 

V' : V + V  s (1) 

V . v  = 0 ( 2 )  

pV.(VV) = -VP + Pelf V.(VV) 
+ (S v - pV'(VsV)) (3) 

+S~ + S, - pV. (Vsh) (4) 

where V', V and V s are the net velocity at 
any point, the convective component of 
the liquid metal velocity and the welding 
velocity, respectively p is the density; P is 
the effective pressure; Cp is the specific 
heat; S v is the source term that takes into 
account the combined effect of buoy- 
ancy force, Marangoni stress and elec- 
tromagnetic force; h is the enthalpy; S h is 
the source term that takes into account 
the heat input from the welding source 
and the convective and radiative heat 
loss; S 1 is the source term that accounts 
for latent heat of melting and convective 
transport of latent heat; P-eft is the effective 
viscosity; and keff is the effective thermal 
conductivity. 

An important component in the pre- 
sent heat transfer and fluid flow model is 
the incorporation of K - E model to cal- 
culate the turbulent fluid flow and heat 
transfer in the weld pool under the pre- 
sent welding conditions. A detailed de- 
scription of the K - ~ model is given by 
Launder and Spalding (Ref. 33). Only the 
salient features of the model are pre- 
sented here• The effects of turbulence on 
the fluid flow and heat transfer were in- 
cluded through the use of effective vis- 
cosity and thermal conductivity. The ef- 
fective viscosity and thermal 
conductivity can be expressed as 

[Jef f  = t.lt + [.I ( 5 )  

keff = k t + k (6) 

WELDING RESEARCH SUPPLEMENT [ 101-s 



Table 1 - -  Data Used for the Calculation of 
Velocity and Temperature Fields 

Physical 
Property Value 

Liquidus temperature 1941.0 
(K) 

Solidus temperature 1941.0 
(K) 

Density of liquid 4400.0 
metal (kg/m 3) 

Viscosity of liquid 6.0 × 10 -3t~ 
(kg/m.s.) 

Thermal conductivity of 28.0 
solid (J/m-s-K) 

Thermal conductivity of 28.0 I~l 
liquid (J/m-s-K) 

Specific heat of 700.0 
solid (J/kg-K) 

Specific heat of 700.0 ~ 
liquid (j/kg-K) 

Latent heat of 292.6 × 103 
melting (J/kg) 

Temperature coefficient -0.26 x 10 -3 
of surface tension (N/m-K) 

(a) Estimated due to no values available for these data in 
the literature. 

where Pt and k t are the turbulent values, 
and p and k are the molecular values• 
Unlike the molecular viscosity and ther- 
mal conductivity, which are physical 
properties, the turbulent viscosity and 
thermal conductivity are the properties of 
both the fluid and the flow system. The 
turbulent viscosity was calculated by 

c~pK 2 
J - / t  = - -  e (7) 

where  C~ is an empirical  constant, K is 
the turbulent kinetic energy and e is the 
dissipation rate of turbulent  kinetic en- 
ergy. The value of turbulent viscosity can 
be de te rmined  through solution of the 
equations of conservation of K and e as 
following: 

DK 
P ~  

r ar  aKq a r aKql 
1/~L" _ 

= ~ l  a r aKl [ ~ , % - e  

[+aL',aJ J (8) 
De 

P ~  

f a r  a,l ar  aEl 
_ ,  #,  xJ+ L #, 
- ~ /  a I- a~l 

"~" K (Cl (~k--C2p~) (9 )  

where Ok, (~E, C1 and C 2 are empirical 
constants and ~G k is the turbulent coun- 
terpart to the viscous dissipation (Ref. 
33). The turbulent thermal conductivity is 
related to the turbulent viscosity by the 
turbulent Prandtl number (Refs. 18, 33). 
Pr t = CptJt/k t = 0.9. Thus, the spatial dis- 

tribution of viscosity and thermal con- 
ductivity of the liquid metal could be cal- 
culated from the turbulence model. 

Boundarv Conditions 

The calculations were carried out in a 
Cartesian coordinate system, and only 
half of the workpiece was considered 
since the weld pool is symmetrical. Lin 
and Eagar (Ref. 51) calculated the maxi- 
mum depth of weld pool surface depres- 
sion to be 1.3 mm at 300 A during GTA 
welding. They pointed out that at low 
currents the surface of GTA weld pools is 
essentially flat• Since the experiments re- 
ported in this paper were conducted at 
1 O0 A, the surface of the weld pool was 
essentially flat. Along the vertical plane 
of symmetry (y -- 0 plane), the boundary 
conditions for the velocity components 
were defined as 

dV~ = 0 
dy (10.1) 
Vy = 0 (10.2) 

dV,=o 
dy (10.3) 

where V x, V. and V z are the components 
Y 

of the convective velocity V in the x, y 
and z directions. The z component of the 
velocity, Vz, was defined to be zero at the 
top surface. The x and y components of_ 
the velocity vector on the top surface (z 
= 0 plane) were determined by the 
Marangoni stress and were defined as 

dV _~ dT 
- " ~ " ~  = f' dx (11.1) 

dVy f d7 dT 
-~°"~7  = ' ~  (11.2) 

where dy/dT is the temperature coeffi- 
cient of surface tension and fl is the liq- 
uid fraction, which is assumed to vary lin- 
early with temperature in the mushy 
zone. The velocity in the solid region was 
set to be zero. 

On the top surface (z = 0 plane), the 
heat exchange between the heat source 
and the surface of the sample and the ra- 
diative and convective heat loss to the 
surrounding were prescribed as 

J,(¢,y,z),=o 

_ qrl eL 2rb ] 

where  q is the power  input, q is the weld-  
ing process efficiency, r b is the arc radius, 
T({,Y,Z)z = 0 is the local weld pool surface 
temperature,  T. is ambient  temperature,  

• . ~ .  . 

E~ is the emissivity, ~ is the Stefan-Boltz- 
mann constant  and h c is the heat transfer 

coefficient. At the plane of symmetry (y = 
0 plane), the gradient of the enthalpy was 
defined as 

dh 
- - = 0  
dy (13) 

At other surfaces of the system, the en- 
thalpy was prescribed by setting the tem- 
perature as the ambient temperature. 

The boundary conditions for K and ~, 
at the vertical symmetry plane (y = 0 
plane) were defined as aK/ay = 0 and 
a~Joqy = O, and at the top surface (z = O 
plane): aK/az = 0 and a~az = o. At the 
solid-liquid interface, the values of K and 

were taken to be zero. 

Solution Procedure 

The governing equations were repre- 
sented by a set of finite difference equa- 
tions and solved iteratively on a line by 
line basis utilizing a tri-diagonal matrix 
algorithm. The details of the procedure 
are described elsewhere (Ref. 34). The 
dimensions of the solution domain were 
32.0 (length) x 6.3 (width) x 5.1 (thick- 
ness) cm 3. A 56 x 30 x 25 grid system 
was used in the calculations. Spatially 
nonuniform grids were used for maxi- 
mum resolution of variables. Finer grid 
spacing was used near the heat source. 
The minimum grid spacing was 0.005 
cm directly below the weld pool surface. 
The data used for the calculation of the 
fluid flow and heat transfer are presented 
in Table 1. 

Calculation of Thermal Cvcle 

After the solution of the transformed 
momentum and energy equations, a 
steady-state temperature field can be ob- 
tained. At any given locations (x, y, z), the 
temperature variation with time can be 
expressed as 

T(x,y,z, t2) 

= Ts(~2'Y'Z)-Ts(~'Y'Z)V,(t~ -h)  

+T(x,y,z,t,) (14) 
where Ts(~2, y, z) and Ts(~l, y, z) are the 
steady-state temperatures at coordinates 
(~,2, Y, z) and (~1, Y, z), respectively, ~2 - ~1 
is the distance traveled by the arc in time 
(t2-h), V s is the welding speed and 
T(x,y,z,t 2) and T(x,y,z, h) are the temper- 
atures at times h and t 2, respectively. 

Phase Transformation Calculation 

Possible Mechanisms 

The 0~-[3 phase transformation in tita- 
nium can occur by martensitic (Ref. 35), 
massive (Reg. 35-38) or classical nucle- 
ation and growth (Reg. 35, 38) mecha- 
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Fig. I0  - -  A - -  Domain selected for simulation of  grain structure evolution in the HAZ. The length (L), width (W) and depth (D) of  the selected do- 
main are 20, 10 and 8 ram, respectively. The corresponding grid system used for the MC model is 400 x 200 x 160. B - -  Domain selected for sim- 
ulation of  grain structure evolution in the HAZ. The selected domain is assumed to move from the location where grain growth begins to the lo- 
cation where grain growth ends. The length (L), width (W) and depth (D) of  the selected domain are 1.25, 10 and 7.5 ram, respectively. The 
corresponding grid system used for the MC model is 50 x 400 x 300. 

nisms. These mechanisms compete with 
one another, and the mechanism that is 
ultimately responsible for the phase 
transformation depends on the purity of 
the titanium, its microstructure and the 
thermal processing conditions. The 
martensitic phase transformation occurs 
only at high rates and has been reported 
to take place at cooling rates in excess of 
3000 K/s (Ref. 35). This cooling rate far 
exceeds those encountered in conven- 
tional arc welds and precludes this mech- 
anism. Massive transformations in tita- 
nium have been reported to occur at 
cooling rates similar to those of marten- 
sitic transformations (Ref. 35), but also at 
cooling rates well within the realm of arc 
welds (Ref. 38). Conventional nucleation 
and growth phase transformations with 
long-range solute partitioning occur only 
at low cooling rates and are generally be- 
lieved to occur with much slower kinet- 
ics than massive transformations (Refs. 
36, 37). 

In a previous investigation, SRXRD 
was used as an in-s i tu experimental tech- 
nique to map the phases that exist around 
an arc weld in commercially pure tita- 
nium (Ref. 20). This phase map contains 
direct evidence of the c~-->[3 transforma- 
tion kinetics in the form of spatial dis- 
placements of the product phase with re- 
spect to the thermodynamic 
transformation isotherm. Results of this 
study showed the (x-->[3 transformation 
during heating took place with slower ki- 
netics than the [~--~0~ transformation dur- 
ing cooling. From the SRXRD measure- 
ments, the I~-~c~ transformation was 
estimated to occur with an interface ve- 
locity of 1 O0 lam/s (Ref. 20), which is con- 
sistent with measured interface velocities 
of massive transformation in dilute tita- 

nium alloys (Ref. 
36). Since massive 25 
[3 -~  transforma- 
tions during cool- 
ing of titanium and 20 
titanium alloys 
have been well ?~ 
documented by " 

15 other investigators .~ 
(Refs. 35-38), this ,- 
mechanism was as- '~ 
sumed to be re- c~ 10 
sponsible for the 
~- -~  transforma- 
tion during cooling 5 
in titanium arc 
welds. The @--)~ 
transformation, on 0 
the other hand, was 0 
estimated by the 
SRXRD measure- 
ments to occur at 
rates more consis- 
tent with long- 
range diffusional 
growth (Ref. 20), 
but a thorough in- 
vestigation of this mechanism was not 
performed. Since the (x-->~ transforma- 
tion has not been documented nearly as 
well as the [3-~cc transformation in the 
available literature, the transformation ki- 
netics need to be studied in more detail. 
Here, we utilize isotherms calculated 
from the turbulent fluid flow and heat 
transfer model as input to a modified JMA 
kinetic model to study the possible rate- 
controlling steps for the c~-->[3 phase 
transformation. 

The principal impurities in the Grade 
2 titanium are O (0.17 wt-%) and Fe 
(0.14 wt-%). In the previous study, the 
presence of Fe-rich bcc/omega phase 

A From the first grid system 
X ~ I o From the second grid system 

f L - Ge°metdc fit curve 
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tMCS 

Fig. 11 - -  Simulated grain growth kinetics from the MC model. Both of  
the mean grain size L and Monte Cado simulation time tMc s are di- 
mensionless quantities in this figure. 

particles distributed throughout the 
grains was observed in the starting tita- 
nium microstructure (Ref. 20). These 
pre-existing particles appear to provide 
growth sites for the ~--~[B transformation 
and also tie up much of the Fe impuri- 
ties. Therefore, it is likely the (x-->[3 trans- 
formation during arc welding takes place 
by a growth dominated mechanism 
whereby nucleation of the [3 phase is not 
necessary. Since the 0~--~[3 transformation 
could be controlled either by diffusion of 
titanium or oxygen atoms across the cd~ 
interface, or oxygen atoms long-range 
diffusion, each of these possible scenar- 
ios will be modeled to determine which 
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Table 2 - -  Kinetic Data Used for the Calculation of the a I~ 13 Phase Transformation for 
Different Proposed Mechanisms 

Scenarios Assumed mechanisms n K0 AG (kJ/mol) 

I Titanium short-range diffusion 3.0 2.18 x 106 152.7 (Ref. 44) 
(interface controlled) 

II Oxygen short-range diffusion 3.0 2.18 x 106 138.2 (Ref.49) 
(interface controlled) 

III Oxygen long-range diffusion 1.5 2.18 x 106 138.2 (Ref. 49) 

is the most likely to control the (x--)~ 
transformation rate. The three different 
scenarios can be summarized as 1 ) an in- 
terface controlled mechanism with tita- 
nium short-range diffusion (across the 
~ interface), 2) an interface-controlled 
mechanism with oxygen short-range dif- 
fusion (across the odl3 interface) and 3) a 
long-range solute partitioning mecha- 
nism with oxygen diffusion. 

ADDlication of IMA EQuation 

The JMA equation is suitable for de- 
scribing the kinetics of reactions con- 
trolled by the nucleation and growth 
mechanism (Refs. 39, 40). Therefore, this 
equation is applicable to describe the 
(~ [3  transition in titanium for all the 
mechanisms assumed in the above three 
scenarios. The JMA equation under 
isothermal conditions can be expressed 
as (Ref. 24) 

f=l -exp{-[k(T)(t-t0)] n} (15) 

where n is a numerical exponent whose 
value is determined by the nucleation 
mode and the dimensions of the growing 
particles (Ref. 41). It is a constant inde- 
pendent of temperature, provided there is 
no change in the nucleation mechanism. 

On the other hand, k(T) depends on both 
the nucleation and growth rates and is 
therefore highly sensitive to temperature 

k ( T ) = k ° x e x p  - -  ~oT I (16) 

where AG(T) is the total activation energy 
for nucleation and growth, k 0 is pre-ex- 
ponential constant and k B is the Boltz- 
mann constant. Since heterogeneous nu- 
cleation is assumed in the JMA equation, 
the values of k(T), AG(T) and k 0 are usu- 
ally determined by isothermal experi- 
ments. 

The JMA equation can be modified for 
the nonisothermal kinetics (Ref. 24). The 
proposed method used the discretization 
of the time dependence of the tempera- 
ture, i.e., approximation of the continuous 
temperature-time curves by many isother- 
mal steps, each of them obeying the 
isothermal JMA-kinetics. The detailed pro- 
cedure to derive the modified JMA equa- 
tion is available in the literature (Ref. 24). 
The final expression for the transformed 
fraction obtained from m subsequent 
isothermal steps can be expressed as 

= 1 

where f(t(T)) stands for the transformed 
phase fraction under nonisothermal con- 
ditions, At is the time step, AT is the tem- 
perature change corresponding to each 
At, T o is the initial temperature, k is a tem- 
perature-dependent constant and m is 
the total number of the subsequent 
isothermal steps. 

In order to use Equation 1 7, the tem- 
perature dependence of the transforma- 
tion rate k(T) and the exponent n have to 
be specified. The values of k(T) and n are 
dependent on the transition mechanism 
assumed. If the transport of Ti atoms 
across the interface is considered to be 
the limiting step, then the activation en- 
ergy of the titanium self-diffusion could 
be taken as the value of AG(T) in Equa- 
tion 16 to calculate k(T). If the transport 
of oxygen atoms across the interface is 
considered to be the limiting step, then 
the activation energy of the oxygen diffu- 
sion in titanium could be taken as the 
value of AG(T). In both cases, it is as- 
sumed that the pre-existing Fe-stabilized 
bcc/omega phase particles (Ref. 20) pro- 
vide a sufficient density of growth sites so 
that nucleation of 13 particles from the c~ 
matrix is not required. Under these zero- 
nucleation-rate conditions, a value of n = 
1.5 can be assumed for the JMA nucle- 
ation mode exponent for long-range dif- 
fusion and n = 3.0 can be assumed for in- 
terface-controlled growth (Ref. 41). 

The kinetic data used in the JMA 
model is summarized in Table 2 for three 
different scenarios. In all three mecha- 
nisms, the pre-exponential constant k 0 in 
Equation 16 took the same value. This 
value was estimated from the experi- 
mental data in the literature (Ref. 35) and 
was found to be 2.18 x 106. For the pur- 
pose of this paper, k 0 will be taken to be 
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a constant for the c~--~J] transformation 
since the temperature dependence of k 0 
is not known for titanium and also it is be- 
lieved the temperature dependence of k 0 
can be considered to be small compared 
to the exponential term in Equation 16 
(Ref. 42). 

Grain Growth Prediction by 
Monte Carlo Simulation 

The methodologies of using the MC 
technique to simulate grain growth have 
been given in detail in the literature (Refs. 
25-29). Only the salient features to apply 
this technique to simulate grain growth in 
the HAZ are described here. To apply the 
MC technique to a real metallurgical 
phenomena, the conversion of the MC 
simulation time (tMC s) to real time is nec- 
essary. Depending on the nature of the 
problem, different methods (Ref. 28) 
have been used to convert tMc s to real 
time. When the isothermal grain growth 
data for the given material are insuffi- 
cient, such as grain growth in pure tita- 
nium, the grain boundary migration 
model (GBM) proposed by Gao, et al. 
(Ref. 28), can be used to establish the re- 
lation between tMC s and real time-tem- 
perature kinetics. In the GBM model, the 
grain growth exponent is taken as 0.5. 
The isothermal grain growth kinetics in 
beta-titanium are available in the litera- 
ture and the grain growth exponent was 
found (Ref. 52) to be approximately 0.5. 
This value justifies the application of 
grain boundary migration model to sim- 
ulate grain growth in commercially pure 
titanium. 

Relation between t~£_a~ 
ReaI-Ti me-TemDeratu re 

Through the MC simulation, an em- 
pirical relation between the simulated 
grain size and the MC simulation time 
can be obtained as (Ref. 28) 

L = K 1 x ~, x (tMCS)nl (1 8) 

where L is the dimensionless simulated 
grain size measured by mean grain in- 
tercepts, ~, is the discrete grid point spac- 
ing in the MC technique, tMc s is MC sim- 
ulation time or MC simulation iteration 
steps, and K 1 and n 1 are the model con- 
stants, which are obtained by regression 
analysis of the data generated from MC 
simulation. It should be noted Equation 
18 represents the intrinsic grain growth 
kinetics of the MC model. The grain 
growth kinetics so obtained are depen- 
dent only on the grid system of the MC 
model and independent of material 
properties and temperature-time history. 
The simulated mean grain size (L) and 

Table 3 - -  Data Used for the Calculation of the [3 Grain Growth Kinetics 

Initial average grain size, L0 
Activation energy for grain growth, Q 
Grain boundary energy, 3'b 
Accommodation probability, A 
Average number per unit area at grain boundary, Z 
Atomic molar volume, Vm 
Activation entropy, AS a 
Avagadro's number, N~ 
Planck's constant, hp 

25 IJ, m 
1.02 x 10 s J/mol . 
0.75 I/m 2 
1.0 
2.0 × 10 ~9 atoms/m 2 
1.1 x 10 -s m3/mol 
7.21 J/moI-K 
6.02 x 1023 mol -~ 
6.624x 1034j-s 

Table 4 - -  Calculated Peak Temperatures and Overall Times over the a/13 Isotherm at the 
Seven Different Locations 

Location No. 1 2 3 4 5 6 7 
Distance/a~ (mm) 4.2 5.8 6.6 8.2 8.8 9.2 9.6 
Tpeak (K) 2186 2019 1835 1483 1347 1287 1233 
ttota ~ (s) ~1 20.0 18.1 16.6 13.1 10.6 9.0 7.1 

(a) Distance here indicates the distance from the location to the weld centerline; ttc~a I here represents the total time above the 
call3 isotherms. 

Table 5 - -  Comparison of the Calculated and Experimental Times Necessary for the 
Completion of a I~ ~ Transformation at Different Locations 

Location 1 2 3 4 5 6 7 
Times from phase 1.25 1.45 1.60 1.91 2.26 3.05 3.91 

distribution map (s) 
Calculated times Mechanism-1 1.20 1.35 1.51 1.75 2.14 2.62 3.36 
under different Mechanism-2 0.85 0.93 1.02 1.12 1.28 1.50 1.65 
conditions (s) Mechanism-3 1.12 1.30 1.45 1.65 1.95 2.24 2.62 

the MC simulation time (tMC s) in Equa- 
tion 18 are dimensionless quantities. To 
simulate grain growth of a specific ma- 
terial under specified thermal condi- 
tions, a relation needs to be established 
between tMC s and the given conditions, 
such as the material properties and tem- 
perature-time history. 

Based on the well known parabolic 
law for isothermal grain growth (Ref. 30) 
and the assumptions of grain boundary 
migration made by Porter, et al. (Ref. 
43),and Gao, et al. (Ref. 28), an analyti- 
cal equation was derived from the first 
principles to describe the isothermal 
grain growth kinetics 

L2-Lg 
~ 4ybAZV ~ ( gS, ~] = < ~  x e x p / - - / ~  
[ N,h, L, R ) j  

xexP(R~T) x t  (19) 

where L is the average grain size at time t, 
L 0 is the initial average grain size, 7b is the 
grain boundary energy, A is the accom- 
modation probability, Z is the average 
number of atoms per unit area at grain 
boundary, Vm is the atomic molar vol- 
ume, N a is Avagadro's number, hp is 
PIanck's constant, AS a is the activation en- 
tropy, Q is the activation energy for grain 
growth, T is the absolute temperature, R 

is the gas constant and t is time. In the pre- 
sent investigation, the value of initial grain 
size (Ref. 20) L 0 is about 25 pm. The data 
of activation energy Q for grain growth in 
titanium is not available in the literature. 
However, the value of activation energy 
for grain growth usually ranges from '/2 to 
2/, of that for bulk diffusion (Ref. 43). Here 
we take approximately 2/, of the activation 
energy of Ti atom bulk diffusion (Ref. 44) 
(153.0 kJ/mol) as the value of that for grain 
growth. The grain boundary energy has 
been assumed to be a constant and inde- 
pendent of temperature (Refs. 25-29). 
The data of titanium grain boundary en- 
ergy is not available in the literature, but 
was estimated to be 0.75 J/m 2, as indi- 
cated by the procedure given in the ap- 
pendix. The value ofV m can be calculated 
based on the density and atomic weight 
of titanium. The activation entropy for 
grain boundary migration, ASa, can be as- 
sumed (Ref. 28) to be equal to the fusion 
entropy of the material, ASf. The value of 
ASf for titanium (Ref. 46) is 7.21 J.mol-l.K - 
1. The data used for the modeling grain 
growth are listed in Table 3. 

Equation 19 can be further extended 
for grain growth under nonisothermal 
conditions by differentiating and then in- 
tegrating it over the continuous thermal 
cycles. If we assume that 7 and AS a are in- 
dependent of temperature, K 2 in Equa- 
tion 20, which equals all terms within 
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Fig. 14 - -  Monte Carlo simulat ion t ime tMCS; B - -  site selection probabi l i ty  spatial distr ibution at the cross section o f  the second domain (1.25 x 10 
x 7.5 mm3). 

bracket in Equation 19 as a constant and 
the grain growth kinetics during continu- 
ous heating and cooling, can be ex- 
pressed as 

L 2 =/_g + K 2 At~ x exp - 
(2O) 

where At i and T i are the time step and the 
corresponding temperature, respectively. 
Equating the mean grain size from Equa- 
tion 20 to that from Equation 18, the MC 
simulation time can be related with the 
real time and temperature and expressed 
as 

(21) 

Thus, the tMC s necessary to achieve a 
specific mean grain size during a non- 
isothermal process can be determined by 
incorporating the corresponding thermal 
cycle into Equation 21. Since the thermal 
cycle in the HAZ varies depending on its 
location, the corresponding tMC s varies at 
each site. The higher the temperature or 
the longer the time period for grain 
growth at a site, the higher the value of 
tMC s expected at that site. 

Site Selection Probability 

The tMC S variation at different loca- 
tions, calculated from Equation 21, can- 
not be directly applied in the MC algo- 
rithm because the tMC s is a measure of 
time in the MC algorithm. To solve this 
problem, a concept of site selection 
probability is introduced. The site selec- 
tion probability varies depending on the 

time-temperature history at any given lo- 
cation. The larger the tMC s at a site, the 
higher the corresponding site selection 
probability, p(r) 

( ~= tMcs 
p r ,  tucXs (22) 

where tMC s is the MC simulation time at 

any site in the region and t ~  is the 
maximum value of the MC simulation 
time in the computational domain. Both 

tMC s and t~cs can be calculated from 
Equation 21 from the calculated thermal 
cycles at the corresponding locations. 
The tMc s variation can thus be trans- 
formed into the variation of site selection 
probability and applied in the MC 
model. Thus, the spatial variation of ther- 
mal cycles is included in the site selec- 
tion probability. 

106-s  [APRIL 2000  



B 

Features of the Present 3-D MC Model 

N ~. 

-'12.o -s.o -4.o o.o s .o 

a:u~,~ ~ .q~,~-~.," ] 

I 
source. The high ~" "~ . . . . . . . . . . . . . . . .  
temperaturegradi- ~ ~ [ 
ent results in ,~ 
slightly greater liq- ~ ~ ~  / 
uid metal velocities 
in front of the heat 
source than behind 
the heat source. On -12.0 -8.0 -4.0 0.0 4.0 g o[ 
the surface of the X (mm) l 

J 

In the present investigation, three di- 
mensional MC simulations were carried 
out in a simple cubic lattice system. Two 
different grid systems (400 x 200 x 160 
and 50 x 400 x 300) were used depend- 
ing on the domain simulated, which will 
be addressed later. Each of the points in 
the system was assigned a random orien- weld pool, the liq- 
tation number between 1 and Q, where 
Q was the total number of grain orienta- 
tions. The value of Q was taken to be 48 
in the present simulation, since it is 
known (Ref. 24) the grain growth expo- 
nent becomes almost independent of Q 
when its value is larger than 30. The local 
energy was calculated by a shell of 26 
grid points (Ref. 26) consisting of the first, 
second and third nearest neighbors. It 
should be pointed out that in the present 
MC model the new attempted orientation 
was limited to one of the nearest-neigh- 
bor orientations rather than all possible 
orientations in the system. This is be- 
cause the grain boundary migration only 
results from the process that atoms close 
to the grain boundary jump into the near- 
est grain interior. The soundness of this 
method has been justified in the literature 
(Refs. 47-48). 

Results and Discussion 

Profiles and Geometry 

The computed temperature and ve- 
locity fields in three dimensions consid- 
ering turbulent transfer of heat and mo- 
mentum are shown in Fig. 3. In this 
figure, the temperature field is indicated 
by contour lines and the velocity field is 
represented by the arrows. The general 
features of the calculated temperature 
field are consistent with the results re- 
ported in the literature (Ref. 2). In front of 
the heat source, the temperature gradient 
is greater than that behind the heat 

uid metal moves 
from the center to 
the periphery. This 
is expected for a 
metal with a very 
low concentration 
of surface-active el- 
ements (e.g., very 
low sulfur and low free-oxygen contents), 
which results in a negative temperature 
coefficient of surface tension dy/dT (Ref. 
50). As the result of the outward fluid 
flow and heat transfer on the surface, the 
weld pool is wide and shallow. 

The distributions of turbulent viscos- 
ity, thermal conductivity, kinetic energy 
and dissipation rate in the weld pool are 
shown in Fig. 4. These quantities are de- 
termined by the fluid motion in the weld 
pool. Since the welding current is not 
high under the present welding condi- 
tions, the electromagnetic force is weak 
and surface tension is the dominant 
force. Therefore, the circulation of the 
molten metal is most intense near the sur- 
face and the level of turbulence de- 
creases progressively as the fluid ap- 
proaches the solid surface. It is 
interesting that the maximum values of 
these variables do not lie in the middle of 
the weld pool. This is because the distri- 
butions of these variables are determined 
by the flow system, and the maximum ve- 
locity gradient does not occur in the mid- 
dle in the present flow system. The max- 
imum dimensionless viscosity (lag'p) and 
thermal conductivity (kg'k) values were 
found to be 13.5 and 4.0, respectively. 

Fig. 15 - - A  - -  Real-time mapping grain structure distribution around 
the weld pool in three dimensions using 400 x 200 x 160 grids (the 
grid spacing is 50 pro); B - -  top view of grain structure distribution 
around the weld pool; C -  side view of grain structure distribution 
around the weld pool. 

The calculated dimensionless viscosity 
(lag'p) and thermal conductivity (kg'k) val- 
ues and their spatial distribution patterns 
are comparable with those reported in 
the literature (Refs. 18, 19). The high val- 
ues of these ratios indicate the dissipa- 
tions of heat and momentum in the weld 
pool are significantly aided by turbu- 
lence. In some previous research on the 
simulation of heat transfer and fluid flow 
in the weld pool, the viscosity and ther- 
mal conductivity values were arbitrarily 
enhanced by a constant factor (Ref. 6). 
The rigorously computed turbulent vis- 
cosity and thermal conductivity values 
presented here clearly show these quan- 
tities vary strongly depending on the lo- 
cation within the weld pool. Therefore, 
accurate calculations of temperature and 
velocity fields must utilize an appropriate 
turbulence model. 

The geometry of the fusion zone can 
be predicted from the calculated temper- 
ature field, shown in Fig. 5. The fusion 
zone was determined by the liquidus 
temperature (1941 K). The calculated 
width and depth of the fusion zone were 
found to be 12.2 mm and 2.9 mm, re- 
spectively. The corresponding experi- 
mental data were 12.0 + 0.2 mm and 2.8 
+ 0.2 mm, respectively. Thus, the calcu- 
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Fig. 16 - -  5imulated final grain structure of the HAZ using 50 x 400 x 300 grids. 
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Fig. 17 - -  Comparison of  the calculated and experimental 
mean grain size at various locations along line ab on the sur- 
face of  the weldment. 

fated dimensions of the FZ agreed well 
with the corresponding experimental re- 
sults. Since the starting temperature for 
the annealing and recrystallization of c~- 
-13 is not known, the geometry of the HAZ 
cannot be exactly predicted. However, 
the [~-phase-containing region (c~-Ti par- 
tially or fully transformed to ~-Ti) in the 
HAZ can be predicted. This region exists 
between the c ~  transition isotherm 
(1158 K) and the liquidus temperature 
(1941 K). The calculated width of this 
predicted [3-phase-containing region on 
the top surface was about 3.8 mm, which 
equals to the corresponding experimen- 
tally measured width on the top surface 
as shown in Fig. 5. From Fig. 5, it can be 
observed that both the shape and size of 
this predicted ~-phase-containing region 
are comparable with those of the experi- 
mental HAZ. 

Spatial Distribution of Phases 

Experimental Phase Distribution MaD 

The spatial distribution map of phases 
(Ref. 20) as determined from the SRXRD 
data is shown in Fig. 6A, where the sta- 
tionary welding electrode is positioned at 
X = Y = O, with metal moving from left to 
right along the X-axis. Five different 
phase regions were identified in Fig. 6A: 
o~--13, (0c+~) mixed region, (0~B+13) mixed 
region, [3-Ti and liquid phase. The sym- 
bol (z B in the map denotes the back-trans- 
formed c~-Ti from ~-Ti during cooling. 
The experimental phase boundaries can 
be approximately determined, as shown 
by dashed lines in Fig. 6A. It should be 
noted that the phase distribution map in 

Fig. 6A is somewhat different from that in 
the previous paper (Ref. 20) in which the 
HAZ were subclassified into six regions. 
To focus on the issues investigated in the 
present paper, some subclassified regions 
in a previous investigation (e.g., the an- 
nealed and recrystallized zone O~AR , and 
the recrystallized zone undergoing grain 
growth O~RG) are incorporated in the (z-Ti 
region in Fig. 6A. 

Calculated Phase Boundaries 

The calculated isotherms of ~13 (1158 
K) and ~/liquid (1941 K) phase transitions 
were imposed on the experimentally de- 
termined phase distribution map, as 
shown in Fig. 6B. It was found the calcu- 
lated isotherms matched the phase distri- 
bution map very well. This means the 
phase boundaries of ~(0~+~) and ~/liquid 
can be satisfactorily predicted by the cal- 
culated temperature. The (0~+~)/~ phase 
boundary lies at the locations where (~- 
Ti totally transformed to ~-Ti, as indicated 
by the arrows in Fig. 6B. The prediction 
of the ((~+~)/[3 phase boundary needs the 
knowledge of both thermal cycles and 
the kinetics of the transformation, and 
therefore cannot be predicted by the 
thermal model alone. 

To predict the locations of the (c~+~)/]3 
phase boundary, a series of lines parallel 
to the welding direction were selected, as 
shown in Fig. 6B. These lines pass 
through the locations where the (c~+~)/13 
phase boundary has been experimentally 
determined. As the material approaches 
the heat source, the (z-~ transition at dif- 
ferent locations begins when the moni- 
toring locations reach the ~ isotherm 

(1158 K). The extent of (~--)~ phase trans- 
formation along these lines was calcu- 
lated by the combination of the calcu- 
lated thermal cycles and the modified 
JMA Equation 1 7. The calculated thermal 
cycles experienced by the material mov- 
ing along these lines are shown in Fig. 7. 
From this figure, the peak temperatures 
and the time periods above the c~/~ 
isotherm along these lines can be ob- 
tained. The further the line is away from 
the welding centerline, the lower the 
temperature and the shorter the time pe- 
riod above the 00'[~ transformation tem- 
perature. The peak temperatures and the 
time periods above the @/~ isotherm 
along these lines are given in detail in 
Table 4. 

After knowing the thermal cycles 
along the lines parallel to the welding di- 
rection, the extents of phase transforma- 
tion along these lines can be calculated 
by Equation 17. Different transition 
mechanisms assumed were used to pre- 
dict the ((~+[3)/~ phase boundary by tak- 
ing the corresponding values of n and 
AG(T) in Table 2. For each mechanism, 
the times for the completion of the (~[3 
transformation along these lines were 
calculated. The calculated reaction times 
for all of the mechanisms are shown in 
Table 5. The time for the completion of 
the c~-~ transformation along a line par- 
allel to the welding direction can also be 
obtained experimentally from the phase 
distribution map. In this way, the time 
was calculated by dividing the distance 
- -  between the ~13 isotherm and the ex- 
perimentally determined location of the 
(c~+13)/~ phase boundary along this line 
- -  by the welding speed. 
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To identify the possible mechanism 
for the c~-->~ transformation, the calcu- 
lated times for each assumed mechanism 
were compared with the times deter- 
mined from the experimental phase dis- 
tribution map, as shown in Fig. 8. It was 
found the times from the phase distribu- 
tion map agreed well with the calculated 
times from mechanism 1, in which the 
0~--~[3 transition was assumed to be con- 
trolled by the transport of Ti atoms across 
the interface. The calculated times from 
mechanism 3, in which the transition was 
assumed to be controlled by oxygen 
long-range diffusion, are also approxi- 
mately comparable with the experimen- 
tally determined times. Significant dis- 
crepancies exist between the 
experimental determined times and the 
calculated times from mechanism 2, in 
which the transition was assumed to be 
controlled by the transport of oxygen 
atoms across the interface. Through the 
comparison of the calculated times with 
the experimentally determined times, it 
seems that the c~--~[3 transition is most 
likely controlled by the transport of Ti 
atoms across the interface. 

By adopting the mechanism that the 
c~--~[3 transformation was controlled by 
the transport of Ti atoms across the inter- 
face, the locations of the ((~+13)/J3 phase 
boundary along the lines parallel to the 
welding direction were predicted. The 
transformed volume fractions of a phase 
along the lines were calculated by Equa- 
tion 17 and shown in Fig. 9A. Depending 
on the thermal history experienced, the 
times for the completion of the c~--~[[3 
transformation along these lines were dif- 
ferent. As expected, the further away the 
line from the welding centerline, the 
longer the time for the completion of the 
transformation. This can be more clearly 
observed by comparing the times needed 
for the c~--~[3 transformation along differ- 
ent lines, as shown in Fig. 9B. After ob- 
taining the reaction times along these 
lines, the distances between the transfor- 
mation starting points and the transfor- 
mation finishing points can be calculated 
by multiplying the welding speed with the 
calculated reactions times. The starting 
points are the intercepts of the calculated 
W~3 isotherm with these lines. Thus, the 
locations of the (0c+[3)/[3 phase boundary 
along these lines can be determined and 
shown as the plain circles in Fig. 6B. 

Grain Growth in the Single [3 Region 

Domain Selection for MC Simulation 

The selection of the domain for MC 
simulation of grain growth in the HAZ 
was based on the calculated temperature 
field from the 3-D heat transfer and fluid 
flow model. In order to achieve efficient 

b • a 
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Fig. 18 - -  Grain size gradient in the HAZ (50X). The direction indicated by line ab is la- 
beled in Fig. 16. 

simulation of grain growth, two factors 
need to be considered in selecting the 
simulation domain. First, all the essential 
geometric features of the HAZ should be 
included in the simulated domain. On the 
other hand, the domain should be kept as 
small as possible, because simulation of 
grain growth in the whole HAZ region re- 
quires extensive calculations. Depending 
on the purpose of the simulation, two do- 
mains in the weldment were selected in 
the present study. The first domain was se- 
lected as the dashed block shown in Fig. 
10A to simulate real-time grain structure 
evolution in the HAZ around the weld 
pool. This domain covers the whole re- 
gion of the HAZ where [[3 grain growth oc- 
curs. The length, width and thickness of 
the simulation domain were 20 mm, 10 
mm and 8 mm, respectively. A 400 x 200 
x 160 grid system was used. 

The second domain was selected as 
the thin dashed block shown in Fig.10B 
to focus on simulation of the final grain 
structure in the HAZ. The grid system 
used in this domain was 50 x 400 x 300, 
which corresponds the actual domain 
with the volume of 1.25 x 10 x 7.5 mm 3. 
Thus, the spacing of the grid points, 25 
iJm, was equal to the initial mean grain 
size. The initial [3-Ti grain size, L0, was as- 
sumed to be equal to the c~-Ti grain size 
after recrystallization (25 IJm). The grain 
size change due to the (~-~[3 transforma- 
tion was not considered. Thus, the start- 
ing [[3-Ti grain size was set to an upper 
limit, since the grain size of the daughter 
phase is smaller than that of the parent 
phase. The selected domain was as- 
sumed to move at the same speed and in 
the same direction as the workpiece, as 
indicated in Fig. 10B. 

Grain Growth Kinetics from MC Simulation 
under Isothermal Conditions 

Before simulation of the grain growth 
under nonisothermal conditions, the di- 
mensionless grain growth kinetics from 

the present MC model under isothermal 
conditions needs to be established. In 
other words, the values of K 1 and n 1 in 
Equation 18 need to be determined. Fig- 
ure 11 shows the simulated isothermal di- 
mensionless grain growth kinetics for the 
used two grid systems at 1548 K, which is 
the median of the melting temperature 
(1941 K) and the c~--~J3 transition tempera- 
ture (1158 K). The data used for calcula- 
tions are presented in Table 3. It can be ob- 
served the simulated grain growth kinetics 
in the two grid systems are actually the 
same. This is expected since the numbers 
of the grids in these two systems are very 
large and both systems use simple cubic 
grids. By geometric fitting of the data in 
Fig. 11, the values of the constants K 1 and 
n 1 in Equation 18 were determined to be 
0.85 and 0.47, respectively. 

Distributions of the tMCS and the Probability 

After knowing the constants K~ and n 1 
of the present 3-D MC model, the tMC s at 
each site was calculated from Equation 21 
by incorporating the corresponding ther- 
mal history into the equation. The distrib- 
ution of the tMC s in the first domain using 
the 400 x 200 x 160 grid system is shown 
in Fig. 12A and B. From these figures, it 
can be observed that the maximum value 
of the tMC s lies at the locations nearest to 
the weld interface. The tMC s near the fu- 
sion zone change drastically due to the 
steep temperature gradient. This phenom- 
enon is more evident at the edge in front 
of the weld pool. From Fig. 12A, it can 
also be observed the value of tMC s in- 
creases as the temperature or time for 
grain growth at a location increases. This 
can be easily understood by tracking a 
specific point in the domain as shown in 
Fig.12A. As the material at this location 
moves from point A to point B, the tMC s at 
this point will increase. After knowing the 
tMC s spatial distribution in the domain, 
the corresponding site selection probabil- 
ity, p(r), distribution can be obtained from 
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Equation 22, as shown in Fig. 13A and B. 
The spatial distribution of p(r) is similar to 
that of tMC s. 

Figures 14A and B show the distribu- 
tion of the tMc s and p(r) in the domain 
shown in Fig. 10B using the 50 x 400 x 
300 grid system. Compared to the values 
oftMc s in Fig. 14A and Fig. 12A, itcan be 
observed the tMC s in the second grid sys- 
tem is much larger than in the first sys- 
tem. This is because the grid spacing in 
the second system is only half of that in 
the first grid system. The finer the grid sys- 
tem, the larger the tMC s needed for 
achieving the same grain size. After ob- 
taining the p(r) distribution, the tempera- 
ture time history at each site, as well as 
the material properties, can be incorpo- 
rated into the model by considering the 
spatial site selection probability distribu- 
tion in the simulation domain. 

Simulated Grain Structure in the HAZ 

After the introduction of the site se- 
lection probability into the MC model, 
the dynamic grain growth in the HAZ 
around the weld pool can be simulated. 
By using the first grid system, a real-time, 
three-dimensional map of grain structure 
distribution around the weld pool can be 
obtained, as shown in Fig. 15A, B, C. 
From these figures, the detailed grain 
structure in every location in the whole 
HAZ around the weld pool can be ob- 
tained. The grain structure at any plane in 
the domain can be viewed by examining 
any cross section. Furthermore, the real- 
time grain structure map can provide in- 
sight into the thermal and topological ef- 
fects experienced in the HAZ. In the 
region in front of the weld pool, the grain 
growth is not significant and the grain 
size is fine due to the very short time for 
grain growth before the material at these 
locations melts. At the locations where 
the material does not melt, the mean 
grain size becomes coarser with time. In 
the meantime, the width of the HAZ in- 
creases with time. These features can be 
seen clearly in both the top and side 
views of the simulated grain structure 
map shown in Fig. 15B and C. The results 
shown here can provide detailed insight 
about the grain structure evolution under 
steep temperature gradient in the HAZ, 
which cannot be obtained otherwise. 

The simulated final grain structure of 
the HAZ after the welding is completed 
is shown in Fig. 16. Significant spatial 
grain size gradient is observed in the sim- 
ulated HAZ structure. The closer a site to 
the weld interface, the coarser the grain 
at that site. This is expected since the 
grain size change depends on both the 
temperature and the time period for grain 
growth. The higher the temperature and 

the longer the time for grain growth, the 
larger the final grain size. Furthermore, it 
can be observed grain growth on the top 
surface of the HAZ (along line ab) is not 
as significant as in the vertical direction 
shown by line cd in Fig. 16. This is be- 
cause the temperature gradient on the 
top surface is relatively steeper and the 
time for grain growth is less than those at 
the bottom of the HAZ. 

Along line ab on the top surface in Fig. 
16, the calculated grain size gradient is 
compared with the experimental results 
in Fig. 1 7. It can be observed the calcu- 
lated and the experimental grain sizes are 
comparable. The experimental grain size 
measurement was made after cooling to 
ambient temperature. Note that the grain 
size in the postweld microstructure is not 
the same as predicted in the single [3 
phase region due to [3-->c~ transformation 
occurring during the cooling of the weld- 
ment. However, the prior ~ grain bound- 
ary can still be identified from the post- 
weld microstructure, as shown in Fig. 18. 

Summary and Conclusions 

The research reported here represents 
the first modeling of macro and mi- 
crostructural features in GTA titanium 
weldments based on a combination of 
both rigorous transport phenomena and 
phase transformation theory. The model- 
ing results were compared with the real- 
time phase mapping data in a region sur- 
rounding the liquid weld pool obtained 
using a unique SRXRD technique with 
synchrotron radiation. Through the com- 
parison of the calculated and experi- 
mental results, the conclusions below 
can be made. 

1) The high-computed values of tur- 
bulent viscosity and thermal conductiv- 
ity indicated the transport of heat and 
momentum in the weld pool was signifi- 
cantly aided by turbulence. Thus, previ- 
ous calculations of heat transfer and fluid 
flow based on the assumption of laminar 
flow need to be re-examined. The geom- 
etry of the fusion zone, the a,!(c~+l] ) phase 
boundary and the ~/liquid phase bound- 
ary predicted from the comprehensive 3- 
D turbulent heat transfer and fluid flow 
model were in good agreement with the 
experimental results. 

2) The mechanism of the cz--> I] transi- 
tion was examined by the comparison of 
the calculated reaction times from several 
possible mechanisms with the experimen- 
tally determined reaction times. It was 
found the ~-->13 transition was most likely 
controlled by the transport of Ti atoms 
across the cz/~ interface. The (c~+~)/I] 
phase boundary predicted from the com- 
bination of the calculated thermal cycles 
and the modified JMA equation agreed 

well with that determined from the exper- 
imental phase distribution map. 

3) A real-time 3-D map of grain struc- 
ture distribution around the weld pool 
was calculated by coupling the 3-D MC 
model with the calculated thermal cycles 
from the 3-D heat transfer and fluid flow 
model. This simulated real-time 3-D 
grain structure map can provide detailed 
insight into the dynamic grain structure 
evolution under steep temperature gradi- 
ent in the HAZ that cannot be obtained 
otherwise. The simulated grain size dis- 
tribution in the HAZ agrees well with the 
experimental results. 

The above agreements between the 
calculated and experimental results indi- 
cate significant promise for understand- 
ing both macro and microstructures of ti- 
tanium welds from the combination of 
the fundamental principles from both 
transport phenomena and phase transfor- 
mation theory. Neither experiments nor 
modeling alone could have provided the 
detailed insight about the real-time evo- 
lution of macro and microstructures. 
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Appendix 
The grain boundary energies of metals 

are often found to be roughly YJ of their 
surface free energies (Ref. 43). The surface 
free energy of titanium is not available in 
the literature. However, the surface free 
energies of metals are related with their 
melting points. The higher the melting 
point, the higher the value of surface free 
energy (Ref. 43). This correlation can be 
seen in Fig. 19, which is drawn based on 
the data available in the literature (Ref. 
45). By linear fit of the data in Fig. 19, the 
surface free energy of titanium can be es- 
timated to be about 2.25 J/m 2. If the grain 
boundary energy of titanium is taken as Y~ 
of this estimated surface free energy, its 
corresponding value wi l l  be 0.75 J/m 2. 
This estimated grain boundary energy is 
comparable wi th those of other metals 
whose melting points are close to tita- 
nium and experimentally measured value 
are available in the literature. For exam- 
ple, the grain boundary energy (Ref. 45) 
of 7-Fe is 0.756 J/m 2. 
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Fig. 19 - -  Estimation of the surface-free energy of titanium based on the data of other 
metals available in literature (Ref. 44). 
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Nomenclature 

A Accommodation probability 
for the jumping atoms 

C 1,C2,C Empirical constanls in K-E model 
Zp Specific heat, 0/kg-K) 

Volume fraction of 
transformed phase 

g Acceleration of gravity, (m/s 2) 
G K Cartesian tensor notation in 

K - E model, (S -2) 
AG(T) Total activation energy for 

nucleation and growth, 0/tool) 
h Enthalpy, (J/kg) 
h c Heat transfer coefficient, 

0/m2-s-K) 
hp Planck's constant, 0/s) 
Jh(~z)z=o Heat flux change on top 

surface, 0/m2-s) 
k Molecular value of thermal 

conductivity, 0/m-s-K) 
k B Boltzmann constant, (J/K) 
kef f  Effective thermal conductivity, 

0/m-s-K) 
k t Turbulent thermal conductivity, 

0/m-s-K) 
k 0 Pre-exponential constant in 

JMA equation 
k(T) Temperature-dependent kinetic 

constant in JMA equation 
K Turbulent kinetic energy, (m2/s 2) 
K 1 Grain growth kinetic constant 

from MC simulation 
K 2 Pre-exponential constant for 

calculation of grain size 
L Average grain size at time t, (pm) 
L 0 Initial average grain size, (lam) 
n Kinetic constant in JMA equation 
n~ Grain growth kinetic constant 

N a 
P 
Pr t 
p(r) 

q 
Q 

rb 
R 
Sh 

SI 

Sv 

AS a 

t 
to 

tMCS 

t~s 

At 
T 
Ts(~,y,z) 

from MC simulation 
Avagadro's number, (mo1-1) 
Effective pressure, (N/m 2) 
Turbulent Prandtl number 
Site selection probability in 
MC simulation 
Welding power input, (J/s) 
Activation energy for grain 
growth, (J/mol) 
Radius of the arc beam, (m) 
Gas constant, 0/moI-K) 
Heat source term considering 
heat input from welding source 
and heat loss by convection 
and radiation, 0/s-m 2) 
Heat source term considering 
latent heat of melting and 
convective transport of latent 
heat, 0/s-m 2) 
Momentum source term 
considering the combined 
effect of buoyancy force, 
Marangoni stress and electro 
magnetic force, (N/m 3) 
Activation entropy for grain 
growth, 0/moI-K) 
"lime, (s) 
Initial time of phase 
transformation, (s) 
MC simulation step or MC 
simulation time 

Maximum MC simulation step 
in the computation domain 
Time increment, (s) 
Absolute temperature, (K) 
Temperature at coordinate 
(~,y,z) in steady-state 
temperature field, (K) 

T(~y,Z)z= 0 Local weld pool surface 
temperature, (K) 

T(x,)4z, t) Temperature at coordinate 
(x,y,z) at time t, (K) 

Tg Ambient temperature, (K) 
T o Initial temperature of phase 

transformation, (K) 
AT Temperature increment, (K) 
Vx,Vy,V z Velocity components in the x, y 

and z directions respectivel~ (m/s) 
V' Transformed velocity, (m/s) 
V Convective component of the 

velocity, (m/s) 
V m Atomic molar volume (m31mol) 
V s Welding velocity, (m/s) 
Z Average number of atoms per 

unit area at grain boundary, 
(atoms/m 2) 
Dissipation rate of turbulent 
kinetic energy, (m2/s 3) 

E 1 Emissivity 
y Surface tension of liquid metal, 

(N/m) 
Yb Grain boundary energy, (Nlm 2) 
T I Welding process efficiency 
~. Discrete grid point spacing in 

MC simulation, (pm) 
p Molecular  value of 

viscosity,(kglm-s) 
I.left Effective viscosity, (kg/m-s) 
Pt Turbulent viscosity, (kg/m-s) 
p Density, (kg/m 3) 
o Stefan-Boltzmann constant, 

(W/m2-K 4) 
~k, ae Empirical constanls in K~~ model 
~1, ~2 Coordinates in x direction at 

time h and t 2 respectively, (m) 
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Select-Arc, Inc. introduces an ex- 
ceptional all-purpose electrode 
specifically designed with the 
toughness to handle the most diffi- 
cult of welding applications. What- 
ever your requirement, Select 720 
delivers the superb, all position 
welder appeal you want with the 
superior CVN toughness you de- 
mand. 

This new E71T-1 carbon steel, flux- 
cored, gas-shielded electrode fea- 
tures a unique, fast freezing rutile 
slag system which provides a 
smooth spray transfer and flat bead 
profile. Select 720 also improves 
your welding environment by sig- 
nificantly reducing fume emission 
and eliminating spatter. 

Select 720, which operates over a 
wide range of welding parameters, 
is the ideal choice for fine grained 
steel weldments such as ASTM 
A36, A515 Gr 70 and A516 Gr 70. It 
excels in critical applications such 
as shipbuilding, offshore drilling 
structures, structural welds and 
general plate fabrication. 

Outstanding electrode quality has 
enabled Select 720 to earn these 
agency approvals - -  ABS 3SA - 
3YSA, DnV III YMS, Lloyd's 3S, 3YS 
and CWB. 

"f 

For more information on Select 720, contact 
the SelectArc professionals who set "The 
Standard of Excellence in Tubular Welding 

Electrodes" at 1 8 0 0 3 4 1  5 2 1 5  

600 Enterprise Drive • 
P.O. Box 259 • Fort Loramie, OH 45845-0259 
Phone: (937) 295-5215 ° Fax: (937) 295-5217 
SEE US AT AWS SHOW BOOTH 252 

Ci r c l e  No, 121 on  R e a d e r  I n f o - C a r d  
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