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Abstract

This document is designed to assist anyone who is associated with gas tungsten arc welding (GTAW). This includes
welders, welding technicians, welding engineers, quality control personnel, welding supervisors, purchasing personnel,
educators, and students.

This document discusses welding principles, equipment, gas shielding, and techniques for manual and automatic
GTAW. Welding safety, troubleshooting, and related items are included for understanding by all types of personnel in
establishing better production welding operations.

Educators will find this publication a handy reference for teaching all aspects of gas tungsten arc welding. It can
become a quick reference for students after their graduation or during their employment.
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Statement on Use of AWS American National Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS standards are either incorporated in, or made part of,
documents that are included in federal or state laws and regulations, or the regulations of other governmental bodies,
their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards must be
approved by the governmental body having statutory jurisdiction before they can become a part of those laws and
regulations. In all cases, these standards carry the full legal authority of the contract or other document that invokes the
AWS standards. Where this contractual relationship exists, changes in or deviations from requirements of an AWS
standard must be by agreement between the contracting parties.

International Standard Book Number: 0-87171-715-8

American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126

© 2003 by American Welding Society. All rights reserved
Printed in the United States of America

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While AWS administers the process
and establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether spe-
cial, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance on this
standard. AWS also makes no guaranty or warranty as to the accuracy or completeness of any information published herein.

In issuing and making this standard available, AWS is not undertaking to render professional or other services for or on
behalf of any person or entity. Nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the advice
of a competent professional in determining the exercise of reasonable care in any given circumstances.

This standard may be superseded by the issuance of new editions. Users should ensure that they have the latest edition.

Publication of this standard does not authorize infringement of any patent. AWS disclaims liability for the infringement
of any patent resulting from the use or reliance on this standard.

Finally, AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (www.aws.org).

Official interpretations of any of the technical requirements of this standard may be obtained by sending a request, in writing,
to the Managing Director, Technical Services Division, American Welding Society, 550 N.W. LeJeune Road, Miami, FL
33126 (see Annex A). With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards
may be rendered. However, such opinions represent only the personal opinions of the particular individuals giving them.
These individuals do not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or inter-
pretations of AWS. In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS C5 Committee on Arc Welding and Arc Cutting. It must be
reviewed every five years, and if not revised, it must be either reapproved or withdrawn. Comments (recommendations,
additions, or deletions) and any pertinent data that may be of use in improving this standard are required and should be
addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS C5 Committee on Arc
Welding and Arc Cutting and the author of the comments will be informed of the Committee’s response to the com-
ments. Guests are invited to attend all meetings of the AWS C5 Committee on Arc Welding and Arc Cutting to express
their comments verbally. Procedures for appeal of an adverse decision concerning all such comments are provided in the
Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from the American
Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.

Photocopy Rights

Authorization to photocopy items for internal, personal, or educational classroom use only, or the internal, personal, or
educational classroom use only of specific clients, is granted by the American Welding Society (AWS) provided that the
appropriate fee is paid to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, Tel: 978-750-8400;
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Foreword

(This Foreword is not a part of AWS C5.5/C5.5M:2003, Recommended Practices for
Gas Tungsten Arc Welding, but is included for informational purposes only.)

Gas tungsten arc welding (GTAW) was introduced as a practical fabricating process in the 1940s. In the decades since
then, advances have been made in the equipment and in the development of techniques for automatic applications.
GTAW is now accepted as the only practical joining method in some metal joining applications.

These recommended practices were first prepared by the AWS C5 Committee on Arc Welding and Arc Cutting and
the AWS C5C Subcommittee on Gas Tungsten Arc Welding in 1980. The 1980 edition was reaffirmed in 1989. The
current AWS C5 Committee on Arc Welding and Arc Cutting and the current C5C Subcommittee on GTAW have
prepared these recommended practices to present the basic practices and methods of GTAW and to expand the
document to include the latest advancements in this process. These recommended practices are based on present uses of
GTAW in the metal fabricating industry, along with research and development and new applications of the process.

We should all encourage our younger generation to consider welding and welding related fields as places to become
involved with the high rewards and challenges to be encountered in the future. We should also be willing and pleased to
share our prior experiences and knowledge that could help new members excel in this occupation.

The description of GTAW and its features are presented here as clearly and concisely as possible. The Committee has
developed these guidelines in the hope that they would lead to further development of the GTAW process and, thus, to
higher quality and performance standards.

Comments and suggestions for the improvement of this standard are welcomed. They should be sent to the Secretary,
AWS C5 Committee on Arc Welding and Arc Cutting, American Welding Society, 550 N.W. LeJeune Road, Miami, FL
33126.

Official interpretations of any of the technical requirements of this standard may be obtained by sending a request,
in writing, to the Managing Director, Technical Services Division, American Welding Society. A formal reply will be
issued after it has been reviewed by the appropriate personnel following established procedures. Guidelines for technical
inquiries regarding AWS standards are shown in Annex A.

This document will be reviewed periodically to assure its success in serving all parties concerned with its provisions.
Revisions will be issued when warranted.
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Recommended Practices for
Gas Tungsten Arc Welding

1. Scope and Introduction

1.1 Scope. This document presents recommended prac-
tices for the gas tungsten arc welding (GTAW) process. !
Its purpose is to provide a fundamental explanation of
the process, describe basic practices and concepts, and
outline some advanced methods and applications of
GTAW. These should enable welding personnel to deter-
mine the best applications of this process and evaluate its
u’jse compared with other joining processes.

The section covering principles of operation will help
the reader understand how the process works, the general
types of equipment needed, and the advantages and limi-
tations of the gas tungsten arc welding process. The basic
concepts and practices include both general and specific
recommendations and technical data for equipment, con-
sumables, procedures, variables, applications, and safety
considerations.

This standard makes use of U.S. Customary Units.
Approximate mathematical equivalents in the Inter-
national System of Units (SI) are provided for compari-
son in brackets [ ] or in appropriate columns in tables and
figures.

1.2 Introduction to the Gas Tungsten Arc Welding
(GTAW) Process. Welding as an occupation and a ca-
reer is a very “special” and rewarding choice to pursue. It
is one of the most interesting manufacturing disciplines
as it involves both art and science. This is illustrated by
manual gas tungsten arc welding (GTAW) because a per-
son’s manual dexterity, hand-eye coordination, and self-
discipline in combination with the correct welding proce-
dure(s) are paramount to its success. The “art” portion is
most evident when an individual welder expresses their
unique signature to the manually applied welds. Exam-

1. Gas tungsten arc welding is defined as an arc welding pro-
cess that uses an arc between a tungsten electrode (noncon-
sumable) and the weld pool. The process is used with shielding
gas and without the application of pressure. (Ref. AWS A3.0,
Standard Welding Terms and Definitions.)

ples of this would be certain welded metal sculptures
and/or a “perfectly” welded part or assembly. The
“science” end of the spectrum would include recent
developments such as fully automated robotic welding
cells that could include through-the-torch vision that
allows real-time viewing of the weld as well as real-time
weld joint tracking. Also, weld parameter data acquisi-
tion and feedback control are routinely accomplished in
real-time.

1.3 History. Although arc welding was first developed in
the 1880s, its commercial use in the United States did not
commence until the first decade of the 1900s. The years
of the First World War brought the initial large-scale
commercial use of arc welding, when shielded metal arc
welding (SMAW) began to replace riveting as the means
of joining in the manufacture of ships.

During the 1920s, H. M. Hobart and P. K. Devers per-
formed preliminary work on using inert gases to shield
the carbon or metallic electrode’s welding arc and molten
weld pool. In 1926 they applied for patents? on the use of
an electric welding arc in which an inert gas was inde-
pendently supplied around the arc, thus replacing flux as
the shielding method. Other investigators experimented
with both helium and argon as shielding gases, but be-
cause of the high costs associated with these inert gases,
very little commercial use was made of them at that time.

By the onset of the Second World War, shielded metal
arc welding had become the dominant welding process.
However, there was a need within the aircraft industry
for welds made with better shielding than that provided
by SMAW when joining reactive metals such as alumi-
num and magnesium. Also, in the aircraft industry there
was a need to develop an acceptable welding process to
replace riveting for joining of thin gage materials. These
needs led to the first commercial development of gas
tungsten arc welding equipment.

2. H. M. Hobart, U.S. Patent 1,746,081, 2/4/1930 and P. K.
Devers, U.S. Patent 1,746,191, 2/4/1930.
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Figure 1—Early Gas Tungsten Arc Welding Torches and Accessories,
Circa 1943, with a Torch Body and an Early Flowmeter

In 1941, R. Meredith and V. H. Pavlecka developed
the first practical electrode holders (torches) using a
nonconsumable electrode made from tungsten. These
first torches were simply shielded metal arc welding
electrode holders that had been modified to provide the
shielding gas flow. A 1/8 in. [3 mm] diameter tungsten
electrode was held in a copper tube through which the
inert helium gas flowed to protect the electrode, weld
pool, and adjacent heated areas of the workpiece. Helium
was elected to provide the necessary shield because,
at the time, it was the only readily available inert gas.
Tungsten inert gas torches and accessories typical of that
period are shown in Figures 1 and 2.> A patent was
issued for this process in 1942.*

This arc welding process was initially named
“Heliarc®’>% welding because helium was used as the
shielding gas. It has also been called nonconsumable
electrode welding, tungsten inert gas (TIG) welding,
wolfram inert gas (WIG) welding’ and tungsten-arc
welding. However, the proper AWS terminology for this
process is gas tungsten arc welding (GTAW), because
shielding gas mixtures containing inert gases other than
helium, or gases which are not inert, are sometimes used.

Using a tungsten electrode and direct current power
source, a stable, efficient heat source (the arc) was used

3. Reprinted with permission from “Modern Welding Technol-
ogy,” H. B. Cary, 2nd Edition, Prentice Hall, NJ 1989, Figure 1-9,
p- 8.

4. R. Meredith, U.S. Patent 2,274,631. 2/24/1942.

5. Registered trademark of ESAB.

6. “Heliweld” was the Airco description of the process.

7. Wolfram is the German name for tungsten.

to produce acceptable welds. The inert shielding gas pro-
vided full protection of the arc and weld pool, which was
imperative in welding of aluminum and magnesium, be-
cause even a small amount of air could contaminate the
weld. The process also allows for better control over the
heat input, thus making it easier to weld thin materials.

Figure 2—Early Gas Tungsten
Arc Welding Torches
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Figure 3—SMAW Power Source Used for
Early Gas Tungsten Arc Welding

When the GTAW process was first developed, SMAW
was being performed utilizing direct current with elec-
trode positive (DCEP or reverse polarity). The same
power sources (DC generators of the rotating type) were
thus used for the early gas tungsten arc welding process.
Photographs of early GTAW/SMAW power sources are
shown in Figures 3 and 4. One of the major benefits of
DCEP was the tremendous cathodic cleaning action of
the workpiece surface for aluminum and magnesium.
However, overheating of the electrode and subsequent
splitting, melting, and transfer of tungsten particles into
the weld limited the useful current range. Since these
early torches were air-cooled, they had only a 75 A cur-
rent capacity. As a result, it soon became apparent that
DCEP was not the best polarity to use for this process.

By making the electrode negative, overheating was
avoided and weld penetration was improved. Use of
DC electrode negative (DCEN or straight polarity)
proved acceptable for welding of stainless steels. How-

Figure 4—Motor-Generator SMAW
Power Source Used for Early
Gas Tungsten Arc Welding

ever, because it did not provide the cleaning action like
DCEP, it was not acceptable for welding of aluminum
or magnesium, which have tenacious surface oxides
that must be removed before acceptable welds can be
produced.

To obtain the cleaning action of DCEP along with the
improved penetration characteristics and lower electrode
heating of DCEN, alternating current (AC) welding
power sources were developed. A high-frequency, high-
voltage current was superimposed over the basic welding
current to stabilize the arc during current reversals. This
method was successfully applied to GTAW of aluminum
and magnesium.

By the early 1950s, GTAW had gained acceptance in
the welding industry. Argon was the most widely ac-
cepted shielding gas, followed by helium. However, be-
cause of the high cost of argon and helium gases, carbon
dioxide and nitrogen were investigated as shielding
gases. Since that time, numerous other gases and mix-
tures of gases have been used with this welding process
to provide improved welding performance for some
metals. These include argon-helium mixtures, argon-
hydrogen mixtures, and argon-nitrogen mixtures.

As a tool for increasing deposition rates beyond that
of the commonly used cold wire feed during gas tungsten
arc welding, the hot wire feed method?® of filler metal
addition was introduced. This allowed the high quality

8. A.F. Manz, U.S. Patent 3,122,629, File 2562, issued 2/25/1964.
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Figure 5—Gas Tungsten Arc Welding
Power Source —Pulsed

welds produced by the GTAW process without incurring
the spatter produced by the consumable electrode
processes.

Over the last several decades, numerous improve-
ments have been made to the GTAW equipment, process
and controls. Welding power sources have been devel-
oped specifically for the GTAW process (see Figures 5
and 6). Some provide pulsed direct current and others
produce variable polarity alternating welding current.
Automatic arc starting systems, automatic arc length/
voltage controls, vision and penetration sensors, and
positioning equipment are all commercially available.
Computer controls, automatic sequence controls, and
data acquisition systems are readily available to allow
data recording and statistical process control. Water-
cooled torches were developed, which allow welding
currents of up to 1500 A. Different tungsten electrode

Figure 6—Gas Tungsten Arc Welding
Power Source

compositions have been developed for improved arc
starting, arc stability, and electrode life. GTAW systems
are available with several tungsten electrodes positioned
around the part to be welded, or impinging on a single
weld pool.

2. Normative References

If a code or other standard is cited without a date of
publication, it is understood that the latest edition of the
document referred to applies. As codes and other stan-
dards undergo frequent revision, the reader is encouraged
to consult the most recent edition. If a code or other stan-
dard is cited with the date of publication, the citation re-
fers to that edition only, and it is understood that any
future revisions or amendments to the code or standard
are not included.
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2.1 American Conference of Governmental Industrial
Hygienists Standards®

(1) ACGIH, Threshold Limit Values for Chemical
Substances and Physical Agents and Biological Expo-
sure Indices

2.2 AWS Standards'”
(1) ANSI Z749.1, Safety in Welding, Cutting, and
Allied Processes
(2) AWS Al.1, Metric Practice Guide for the Weld-
ing Industry
(3) AWS A3.0, Standard Welding Terms and Definitions
(4) AWS AS5.7, Specification for Copper and Copper
Alloy Bare Welding Rods and Electrodes
(5) AWS A5.9, Specification for Bare Stainless Steel
Welding Electrodes and Rods
(6) AWS A5.10/A5.10M, Specification for Bare Alu-
minum and Aluminum Alloy Welding Electrodes and Rods
(7) AWS AS5.12/A5.12M, Specification for Tungsten
and Tungsten Alloy Electrodes for Arc Welding and
Cutting
(8) AWS A5.13, Specification for Surfacing Welding
Electrodes for Shielded Metal Arc Welding
(9) AWS AS5.14/A5.14M, Specification for Nickel
and Nickel-Alloy Bare Welding Electrodes and Rods
(10) AWS AS5.15, Specification for Welding Electrodes
and Rods for Cast Iron
(11) AWS AS5.16, Specification for Titanium and Tita-
nium Alloy Welding Electrodes and Rods
(12) AWS AS5.18/A5.18M, Specification for Carbon
Steel Electrodes and Rods for Gas Shielded Arc Welding
(13) AWS AS5.19, Specification for Magnesium-Alloy
Welding Electrodes and Rods
(14) AWS AS5.21, Specification for Bare Electrodes
and Rods for Surfacing
(15) AWS A5.22, Specification for Stainless Steel
Electrodes for Flux Cored Arc Welding and Stainless
Steel Flux Cored Rods for Gas Tungsten Arc Welding
(16) AWS AS5.24, Specification for Zirconium and Zir-
conium Alloy Welding Electrodes and Rods
(17) AWS AS5.28, Specification for Low Alloy Steel
Electrodes and Rods for Gas Shielded Arc Welding
(18) AWS A5.30, Specification for Consumable In-
serts
(19) AWS AS5.32, Specification for Welding Shielding
Gases

9. Available through American Conference of Governmental
Industrial Hygienists, 1330 Kemper Meadow Drive, Cincin-
nati, OH 45240-1634.

10. Available through Global Engineering Documents, Handling
Services Group, 15 Inverness Way East, Englewood, CO
80112-5776, (800) 854-7179 (303) 397-7956, Fax (303) 397-
2740, Internet: www.global.ihs.com.
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(20) AWS B2.1, Specification for Welding Procedure
and Performance Qualification

(21) AWS B2.1-1-002, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding of Car-
bon Steel, (M-1/P-1, Group 1 or 2), 3/16 through 7/8 inch,
in the As-Welded Condition, With or Without Backing

(22) AWS B2.1-1-007, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of
Galvanized Steel (M-1), 18 through 10 Gauge, in the As-
Welded Condition, with or without Backing

(23) AWS B2.1-1-008, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of
Carbon Steel (M-1, P-1, or S-1), 18 through 10 Gauge,
in the As-Welded Condition, with or without Backing

(24) AWS B2.1-1-009, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of Aus-
tenitic Stainless Steel (M-8, P-8, or S-8), 18 through 10
Gauge, in the As-Welded Condition, with or without Backing

(25) AWS B2.1-1/8-010, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of
Carbon Steel to Austenitic Stainless Steel (M-1, P-1, or
S-1to M-8, P-8, or S-8), 18 through 10 Gauge, in the As-
Welded Condition, with or without Backing

(26) AWS B2.1-22-015, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of
Aluminum (M/P/S-22 to M/P/S-22), 18 through 10 Gauge,
in the As-Welded Condition, with or without Backing

(27) AWS B2.1-1-021, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding Fol-
lowed by Shielded Metal Arc Welding of Carbon Steel
(M-1/P-1/S-1, Group 1 or 2), 1/8 through 1-1/2 inch
Thick, ER70S-2 and E7018, As-Welded or PWHT Condi-
tion (primarily for pipe applications)

(28) AWS B2.1-8-024, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding
Followed by Shielded Metal Arc Welding of Austen-
itic Stainless Steel (M-8/P-8/S-8, Group 1), 1/8 through
1-1/2 inch Thick, ER3XX and E3XX-XX, As-Welded Con-
dition, Primarily Plate and Structural Applications.

(29) AWS B2.1-8-025, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding of
Austenitic Stainless Steel (M-8/P-8/S-8, Group 1), 1/16
through 1-1/2 inch Thick, ER3XX, As-Welded Condition,
Primarily Plate and Structural Applications.

(30) ANSI/AWS B2.1-1-207, Standard Welding Pro-
cedure Specification (WPS) for Gas Tungsten Arc Weld-
ing of Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8
through 1-1/2 inch Thick, ER70S-2, As-Welded or PWHT
Condition, Primarily Pipe Applications

(31) ANSI/JAWS  B2.1-1-209, Standard Welding
Procedure Specification (WPS) for Gas Tungsten Arc
Welding Followed by Shielded Metal Arc Welding of
Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8 through
1-1/2 inch Thick, ER70S-2 and E7018, As-Welded or
PWHT Condition, Primarily Pipe Applications
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(32) AWS B2.1-1-210, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding with
Consumable Insert Root of Carbon Steel (M-1/P-1/S-1,
Group 1 or 2), 1/8 through 1-1/2 inch Thick, INMs-1 and
ER70S-2, As-Welded Condition, Primarily Pipe Applications

(33) AWS B2.1-1-211, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding with
Consumable Insert Root followed by Shielded Metal Arc
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8
through 1-1/2 inch Thick, INMs-1, ER70S-2, and E7018, As-
Welded or PWHT Condition, Primarily Pipe Applications

(34) AWS B2.1-8-212, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding of
Austenitic Stainless Steel (M-8/P-8/S-8, Group 1), 1/16
through 1-1/2 inch Thick, ER3XX, As-Welded Condition,
Primarily Pipe Applications

(35) AWS B2.1-8-214, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding
followed by Shielded Metal Arc Welding of Austen-
itic Stainless Steel (M-8/P-8/S-8, Group 1), 1/8 through
1-1/2 inch Thick, ER3XX and E3XX-XX, As-Welded Con-
dition, Primarily Pipe Applications

(36) AWS B2.1-8-215, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding
with Consumable Inserts of Austenitic Stainless Steel
(M-8/P-8/S-8, Group 1), 1/8 through 1-1/2 inch Thick,
IN3XX and ER3XX, As-Welded Condition, Primarily
Pipe Applications

(37) AWS B2.1-8-216, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding with
Consumable Insert Followed by Shielded Metal Arc Weld-
ing of Austenitic Stainless Steel (M-8/P-8/S-8, Group 1),
1/8 through 1-1/2 inch Thick, IN3XX, ER3XX and ER3XX-
XX, As-Welded Condition, Primarily Pipe Applications

(38) AWS B2.1-4-217, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding of
Chromium-Molybdenum Steel (M-4/P-4, Group 1 or 2),
ER80S-B2, 1/8 through 1/2 inch Thick, As-Welded Con-
dition, 1/8 through 1-1/2 inch Thick, PWHT Condition,
Primarily Pipe Applications

(39) AWS B2.1-4-219, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding
followed by Shielded Metal Arc Welding of Chromium-
Molybdenum Steel (M-4/P-4, Group I or 2), 1/8 through
172 inch Thick, As-Welded Condition, 1/8 through
1-1/2  inch Thick, PWHT Condition, ER80S-B2 and
ES8018-B2, Primarily Pipe Applications

(40) AWS B2.1-4-220, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding
(Consumable Insert Root) of Chromium-Molybdenum Steel
(M-4/P-4, Group 1 or 2), 1/8 through 1/2 inch Thick, As-
Welded Condition, 1/8 through 3/4 inch Thick, PWHT Con-
dition, IN515 and ER80S-B2, Primarily Pipe Applications

(41) AWS B2.1-4-221, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding (Con-
sumable Insert Root) followed by Shielded Metal Arc Weld-
ing of Chromium-Molybdenum Steel (M-4/P-4, Group 1 or
2), 1/8 through 1/2 inch Thick, As-Welded Condition, 1/8
through 1-1/2 inch Thick, PWHT Condition, IN515 and
ERS80S-B2, and E8018-B2, Primarily Pipe Applications

(42) AWS B2.1-5A-222, Standard Welding Proce-
dure Specification (WPS) for Gas Tungsten Arc Welding
of Chromium-Molybdenum Steel (M-5A/P-5A), ER90S-B3,
1/8 through 1/2 inch Thick, As-Welded Condition, 1/8
through 3/4 inch Thick, PWHT Condition, Primarily
Pipe Applications

(43) AWS B2.1-5A-224, Standard Welding Proce-
dure Specification (WPS) for Gas Tungsten Arc Welding
followed by Shielded Metal Arc Welding of Chromium-
Molybdenum Steel (M-5A/P-5A), 1/8 through 1/2 inch
Thick, As-Welded Condition, 1/8 through 1-1/2 inch
Thick, PWHT Condition, ER90S-B3 and E9018-B3, Pri-
marily Pipe Applications

(44) AWS B2.1-5A-225, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding (Con-
sumable Insert Root) of Chromium-Molybdenum Steel
(M-5A/P-5A), 1/8 through 1/2 inch Thick, As-Welded
Condition, 1/8 through 3/4 inch Thick, PWHT Condition,
IN521 and ER90S-B3, Primarily Pipe Applications

(45) AWS B2.1-5A-226, Standard Welding Procedure
Specification (WPS) for Gas Tungsten Arc Welding (Con-
sumable Insert Root) followed by Shielded Metal Arc
Welding of Chromium-Molybdenum Steel (M-5A/P-5A),
1/8 through 1/2 inch Thick, As-Welded Condition, 1/8
through 1-1/2 inch Thick, PWHT Condition, IN521 and
ER90S-B3, and E9018-B3, Primarily Pipe Applications

(46) AWS B2.1-1/8-227, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding of
Carbon Steel (M-1/P-1/S-1, Groups 1 or 2) to Austenitic
Stainless Steel (M-8/P-8/S-8, Group 1), 1/16 through
1-1/2 inch Thick, ER309(L), As-Welded Condition, Pri-
marily Pipe Applications

47) AWS B2.1-1/8-229, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding
followed by Shielded Metal Arc Welding of Carbon Steel
(M-1/P-1/S-1, Groups 1 or 2) to Austenitic Stainless
Steel (M-8/P-8/S-8, Group 1), 1/8 through 1-1/2 inch
Thick, ER309(L) And ER309(L)-15, -16, or -17, As-
Welded Condition, Primarily Pipe Applications

(48) AWS B2.1-1/8-230, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding
with Consumable Insert Root of Carbon Steel (M-1/P-1/
S-1, Groups 1 or 2) to Austenitic Stainless Steel (M-8/P-8/
S-8, Group 1), 1/16 through 1-1/2 inch Thick, IN309
and ER309(L), As-Welded Condition, Primarily Pipe
Applications
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(49) AWS B2.1-1/8-231, Standard Welding Procedure
Specification (SWPS) for Gas Tungsten Arc Welding with
Consumable Insert Root followed byShielded Metal Arc
Welding of Carbon Steel (M-1/P-1/S-1, Groups 1 or 2) to
Austenitic Stainless Steel (M-8/P-8/S-8, Group 1), 1/8
through 1-1/2 inch Thick, IN309 and ER309, and E309-15,
-16, or -17, or IN309, ER309(L), and ER309(L)-15, -16, or
-17, As-Welded Condition, Primarily Pipe Applications

(50) AWS C5.10, Recommended Practices for Shield-
ing Gases for Welding and Plasma Arc Cutting

(51) AWS D1.1, Structural Welding Code—Steel

(52) AWS D1.2, Structural Welding Code—Aluminum

(53) AWS D1.2, Structural Welding Code—Stainless
Steel

(54) AWS DI10.11, Recommended Practices for Root
Pass Welding of Pipe Without Backing

2.3 ISO Standards!!

(1) ISO6848, Tungsten Electrodes for Inert Gas
Shielded Arc Welding, and for Plasma Cutting and
Welding.

2.4 OSHA Standards!?

(1) Code of Federal Regulations (OSHA), Title 29
Labor, Parts 1910.1 to 1910.1450

3. Definitions

The terms and definitions are divided into two
categories:

(1) general welding terms (highlighted by beld print)
compiled by the AWS Committee on Definitions and
Symbols (which can be found in the latest AWS A3.0,
Standard Welding Terms and Definitions); and,

(2) terms or definitions (highlighted by bold italics)
defined by the AWS C5C Subcommittee on Gas Tung-
sten Arc Welding, which are defined as they relate to this
Recommended Practice, or are additions or modifica-
tions to AWS A3.0 terms or definitions.

air cooled torch. A nonstandard term for a gas-cooled
torch.

arc postheating. The intense heat of an arc can be used
to reduce the cooling rate of a weld after a fusion weld
has been made. This is primarily a nonmelting pass.

11. Available through ISO Central Secretariat, International
Organization for Standardization (ISO) 1, rue de Varembé,
Case postale 56, CH-1211 Geneva 20, Switzerland; Online:
http://www.iso.ch/iso/en/ISOOnline.frontpage.

12. Available through U.S. Government Printing Office, Super-
intendent of Documents, P.O. Box 371954, Pittsburgh, PA
15250-7954.
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arc preheating. An arc that does not melt the base metals
is sometimes used to remove the chill or significantly
raise the temperature of the weld joint. This can be used
to remove moisture or light residues of oils. This can be
accomplished by a first pass or a second leading arc.

arc welding torch. A device used to transfer current to a
fixed welding electrode, position the electrode, and
direct the flow of shielding gas.

automatic welding. Welding with equipment that requires
only occasional or no observation of the welding, and
no manual adjustment of the equipment controls.

backing or back-up bars. Plates or bars that are in con-
tact with the workpieces on either the root or the face
side of the welds should be located so as not to con-
taminate the weld or base metal or cause gas or flux
(if used) entrapment. These accessories are usually
made of copper or stainless steel.

brace-technique. A technique used in manual welding of
vessels, sheet metal and structures. In this welding tech-
nique, the welder stabilizes the torch by resting his wrist,
arm or elbow as far away from the weld zone as possible
and sliding the wrist in the direction of welding.

direct current electrode negative (DCEN). The
arrangement of direct current arc welding leads in
which the electrode is the negative pole and the work-
piece is the positive pole of the welding arc.

direct current electrode positive (DCEP). The arrange-
ment of direct current arc welding leads in which the
electrode is the positive pole and the workpiece is the
negative pole of the welding arc.

dragging-the-finger. A technique used in manual weld-
ing of all types of joint configurations. It can be used
when welding all diameters of pipe and tubing. In this
welding technique a fingerstall is made by over-
lapping a “sleeve” of fiberglass material approxi-
mately 8 in. [200 mm] long. The fingerstall is placed
over the middle finger and should extend approxi-
mately 1 in. [25 mm] beyond the end of the finger.
The fingerstall is used to stabilize the hand holding
the torch as it is slid along during welding.

dressing pass. The weld bead shape can be changed or
improved by the use of a cosmetic pass after the weld
has been completed. This is primarily accomplished
by remelting of the solidified weld bead surface. This
is frequently accompanied with transverse oscillation
of the arc or torch. Sometimes a small amount of filler
metal is added.

electrode holder. A device used for mechanically hold-
ing and conducting current to an electrode during
welding. See arc welding torch.
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fixture. A device designed to hold and maintain parts to
be joined in proper relation to each other.

freehand technique. The free hand technique is a
method where welding is accomplished without the
benefit of stabilization of hand and welding torch. It is
the most difficult way to effect a weld and is not rec-
ommended unless no other option is available.

gas cup. A nonstandard term for gas nozzle.

gas nozzle. A device at the exit end of the torch that
directs shielding gas.

gas tungsten arc welding (GTAW). An arc welding
process that uses an arc between a tungsten electrode
(nonconsumable) and the weld pool. The process is
used with shielding gas and without the application of
pressure. Filler metal may or may not be used.

Heliarc® welding. A nonstandard term for gas tungsten
arc welding. It refers to the earliest use of the process
when only the inert gas helium was utilized as the
shielding method.

hold down and backing bars. Fixtures which provide the
means to clamp and position the weldment, and sup-
ply backing support and/or shielding gas to the under-
side of the weld bead. Backing bars usually contain
passages to facilitate inert gas purging. When grooved
backing bars are used, the grooves should be shallow
to minimize melt through and to limit the height of
root reinforcement. Grooves in backing bars should
have rounded corners to be elliptical in shape to pre-
vent entrapments and to minimize stress raisers rela-
tive to underbead shape. These devices usually extend
the full length of the weld.

machine welding. A nonstandard term when used for
mechanized welding.

manual welding. Welding with the torch held and
manipulated by hand. Accessory equipment, such as
part motion devices and manually controlled filler-
material feeders may be used.

mechanized welding. Welding with equipment that
requires manual adjustment of the equipment controls
in response to visual observation of the welding, with
the torch held by a mechanical device.

opposing arcs. This is a welding process employing two
arcs. Each arc is located on opposite sides of the weld
joint. The purpose is to equalize stresses on plates to
reduce the tendency for warping or distortion.

reverse polarity. A nonstandard term for direct current
electrode positive.

run-off weld tab. Additional material that extends
beyond the end of the joint, on which the weld is
terminated.

run-on/off tabs. Additional material (devices) used
mostly on butt and lap joints to facilitate starting and
extinguishing the arc.

semiautomatic welding. Manual welding with equip-
ment that automatically controls one or more of the
welding conditions.

straight polarity. A nonstandard term for direct current
electrode negative.

tandem arcs. To increase the speed or increase penetra-
tion in single pass welds, closely spaced arcs can be
employed. Two to five arcs in tandem can be
employed with three arcs common. This multiple arc
process is primarily employed for high-speed tube or
pipe welding. It can also be employed for sheet and
plate splicing.

tooling. Weld tooling can be a variety of devices (fix-
tures) that are associated with the welding operation
and their use assists in producing a weldment that
meets all specified requirements. Weld joint backing
and/or chill bars are examples of weld tooling.

torch. See arc-welding torch.

tungsten-arc welding. A nonstandard term for gas tung-
sten arc welding.

tungsten electrode. A non-filler metal electrode used in
arc welding, arc cutting, and plasma spraying, made
principally of tungsten.

tungsten inert gas (TIG) welding. A nonstandard term
for gas tungsten arc welding. It refers to the early
use of the process when only the inert gases argon and
helium were utilized as the shielding method.

walking-the-cup. A technique for manipulating the torch
when manually welding groove and fillet welds. With
this technique, the electrode extension is adjusted to
allow the proper arc length while the edge of the cup
rests on the side of the joint. The torch is manipulated
in a manner to swing the tip of the tungsten back and
forth across the side of the joint by “walking-the-cup”
on each edge of the joint. The left or right edge of the
gas nozzle/cup is in constant contact with the mem-
bers giving the cup a walking motion on the weld
joint.

welding fixture (also see fixture). A device designed and
built to hold parts to be joined in proper relationship
with each other. Chill bars are often used to help cool
the weld area rapidly and usually result in controlling
weld shrinkage and workpiece distortion.
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4. GTAW Principles

4.1 Process Description. The GTAW process and equip-
ment are illustrated in Figures 7 and 8. GTAW produces
fusion (coalescence caused by melting) of base metals
from the heat generated by an electric arc. The arc is es-
tablished between the tip of a nonconsumable tungsten or
tungsten alloy electrode and the workpiece (also called
base metal). The electrode is held in an arc welding
torch, either water-cooled or gas-cooled, through which
shielding gas is fed. The shielding gas provides the re-
quired arc characteristics by becoming a plasma (ion-
ized), and also shields the electrode, filler metal end, and
the molten weld pool from contamination by the atmo-
sphere. Once the arc and weld pool are established, the
torch is moved along the joint and the arc progressively
melts the faying surfaces (surfaces to be joined). Filler
wire, when used, is added to the weld pool to fill the
joint. Filler wire is usually added to the leading edge of
the weld pool, but may be added to the trailing edge, or
both.

To avoid weld contamination, the nonconsumable
electrode requires special arc initiation techniques. There
are two main methods utilized.

(1) One method involves arc starters such as high-
frequency generators or capacitor discharge starters,
which provide a high voltage across the arc gap. This
causes the shielding gas to ionize and thus makes it con-
ductive, allowing the arc to initiate.

CURRENT WATER
- CONDUCTOR COOLING
DIRECTION OF (IF TORGH
WELDING IS WATER-
COOLED)
GAS SHIELDING
NOZZLE GAS IN
NONCONSUMABLE
TUNGSTEN
ELECTRODE
~a—— GAS SHIELD
s Y Q
|7 777,
FILLER METAL MAY OR SOLIDIFIE
MAY NOT BE ADDED WELD METAL

Figure 7—Stylized Representation of the
Gas Tungsten Arc Welding Process
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(2) The other method involves touch or contact start-
ing where the tungsten electrode is brought in contact
with the base metal and then withdrawn to initiate the
arc. The electrode is then retracted to the proper arc gap.

Note: It is considered good practice, when the touch
starting system is used, to initiate the arc in a location
that will be consumed in the subsequent weld metal. The
initiation point is termed an arc strike or arc burn and, if
visible after welding, is cause for rejection by a number
of specifications.

The GTAW process is adaptable to manual, semi-
automatic, mechanized, and automatic applications. It
can be used to produce continuous welds, intermittent
welds, and spot welds. Unlike other arc welding pro-
cesses, the GTAW process can be used to produce auto-
genous (no filler wire) welds because the electrode is
nonconsumable. For many applications, the addition of
filler wire is desirable or necessary.

The process can be used to produce welds on essen-
tially all joint designs and geometries. It can be used to
weld a wide range of thicknesses and sizes of plate,
sheet, pipe, tube, and other structural shapes. The GTAW
process can be successfully used in any welding position.

4.2 Process Advantages. GTAW has become indispens-
able as a tool for many industries. If properly utilized, the
GTAW process will produce the high quality welds re-
quired for the aerospace, nuclear, pharmaceutical, semi-
conductor and other industries. As illustrated in Figure 9,
weld beads produced with the GTAW process typically
are cleaner than with any other arc welding process be-
cause no slag or spatter is present. Visual and non-
destructive inspecting of GTAW welds is thus easier.

The combination of GTAW for root pass welding with
either shielded metal arc welding (SMAW) or gas metal
arc welding (GMAW) for the fill passes is particularly
advantageous for welding pipe. The GTAW process
produces a smooth, uniform root pass weld while the fill
passes are made with a higher deposition rate (more
economical) process. Table 1 presents an overview of
GTAW, GMAW, and SMAW processes for different base
materials.

The following are some advantages of the GTAW
process:

(1) capable of producing superior quality welds, gen-
erally free of defects

(2) is free of the spatter which occurs with most other
arc welding processes

(3) can be used with or without filler metal as
required for the specific application

(4) allows excellent control of root pass weld
penetration

(5) can produce inexpensive autogenous welds at high
speeds
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Figure 8—Gas-Cooled GTAW Torch and Stylized Representation
of Typical Gas Tungsten Arc Welding Equipment
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(6) can use inexpensive power sources
(7) allows precise control of the welding variables
(8) is very good for joining thin base metals because
of the excellent control of heat input
(9) can be used to weld almost all metals, including
dissimilar metal joints
(10) is especially useful for joining aluminum and
magnesium, which form refractory oxides
(11) is probably the most used process for reactive
metals like titanium
(12) allows the heat source and filler metal additions to
be controlled independently

4.3 Process Limitations. The GTAW process requires
continuous and efficient weld metal shielding. Backup
shielding or enclosed shielding is also required in many
applications. This basic requirement tends to limit the
process to indoor types of applications. However, with
proper shielding techniques, field (outdoor) welding is

Figure 9—Clean Weld Beads
Typical of Properly Shielded
GTAW Welds also readily accomplished.

Table 1
Welding Process Comparison Based on Quality and Economics

Welding Processes" and Ratings® (All Positions)

Applications GTAW GMAW SMAW
Carbon steel plate >3/16 in. [5S mm] G E E
Carbon steel sheet <3/16 in. [5 mm] E E G
Carbon steel structural F F E
Carbon steel pipe <3 in. [75 mm] IPS E F F
Carbon steel pipe >3 in. [75 mm] IPS G G G
Stainless steel plate >3/16 in. [5 mm)] G E G
Stainless steel sheet <3/16 in. [5S mm)] E G F
Stainless steel pipe <3 in. [75 mm] IPS E F F
Stainless steel pipe >3 in. [75 mm] IPS G G F
Aluminum plate >3/16 in. [5 mm] G E NR
Aluminum sheet <3/16 in. [5 mm] E G NR
Aluminum structural E G NR
Aluminum pipe <3 in. [75 mm] IPS E NR NR
Aluminum pipe >3 in. [75 mm] IPS E F NR
Nickel and nickel alloy sheet E F F
Nickel and nickel alloy tubing E NR NR
Nickel and nickel alloy pipe <3 in. [75 mm] IPS E F NR
Nickel and nickel alloy pipe >3 in. [75 mm] IPS E F NR
Reactive metals—titanium—sheet, tubing, pipe E NR NR
Refractory metals—Ta and Cb—sheet, tubing E NR NR
Notes:
(1) GTAW = Gas Tungsten Arc Welding (TIG).
GMAW = Gas Metal Arc Welding (MIG).
SMAW = Shielded Metal Arc Welding (Stick).
(2) E = Excellent, G = Good, F = Fair, NR = Not Recommended on basis of cost, usability, or quality.
Documents
11 Document Sharing Hub

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: C5.5 - C5.5M-2003


http://www.avadocuments.com/doc/c5-5-c5-5m-2003
http://www.avadocuments.com/doc/c5-5-c5-5m-2003

AWS C5.5/C5.5M:2003

4.3.1 Limitations. The following are some limitations
of the GTAW process:

(1) Deposition rates are lower than the rates possible
with the consumable electrode arc welding processes un-
less used with hot-wire additions. Therefore, it can be
less economical than the consumable electrode arc weld-
ing processes for thicker sections (greater than 3/8 in.
[10 mm)]).

(2) For manual welding, there is a need for slightly
more dexterity and welder coordination than with gas
metal arc welding or shielded metal arc welding.

(3) Shielding the weld zone properly in drafty envi-
ronments is difficult.

4.3.2 Potential Problems. Potential problems with
the process include:

(1) Tungsten inclusions can occur if the electrode is
allowed to contact the weld pool or if the electrode is
overheated.

(2) Contamination of the weld metal can occur if
proper shielding of the filler metal by the gas stream is
not maintained or if the torch shielding gas does not
properly protect the weld pool.

(3) There is low tolerance for contaminants on filler
or base metals.

(4) Possible contamination or porosity can be caused
by coolant leakage from water-cooled torches, as with
other processes.

(5) Arc blow or arc deflection can be a concern, as
with other arc welding processes.

4.4 Process Variables. The primary variables in GTAW
are welding current, arc voltage (arc length), travel speed,
electrode (condition, shape, and alloy), and shielding gas.
Additional input parameters include wire feed rate, elec-
trode orientation, travel angle, arc deflections (magnetic
and mechanical arc oscillations), and pulsing parameters.
The main issue that these variables affect is the energy
transferred from the power source through the arc and
into the work, and the rate and control of that energy
transfer. Variation in chemical composition of the base
metal and filler metals as well as condition of the joint
design, joint preparation (including fixturing and tool-
ing), and welding position must also be considered.

4.4.1 Arc Current. Weld penetration is directly pro-
portional to arc current, i.e., as the current is increased,
the weld penetration increases. Arc current also effects
the voltage as a function of the power source characteris-
tic and from the forces (pressure, Lorentz, buoyancy) act-
ing on the weld pool to change the pool’s position under
the arc. For this reason, it is necessary to change the volt-
age setting when the current is adjusted to keep a fixed
arc length in automatic welding. For some materials, such
as stainless steels and nickel alloys, certain trace elements
(such as sulfur and oxygen) alter the surface tension and

change weld pool fluid flow. If present in low levels (less
than 30 parts per million [ppm]) in these materials, in-
creasing arc current can produce a dramatic increase in
weld width without much increase in penetration. If sul-
fur content is greater than 50 ppm, an increase in arc cur-
rent can produce a dramatic increase in penetration. '3 14

4.4.1.1 Current Polarity. Three basic categories
of welding current are available: direct current (DC),
alternating current (AC), and programmed current. Pro-
grammed current is a category combining some of the
features of AC and DC. Variable polarity (VP) can be
considered as a subset of programmed current and is
replacing AC and balanced AC in many applications.

There are two polarities or directions in which the cur-
rent can flow in the welding circuit; direct current elec-
trode negative [DCEN, so-called straight polarity, see
Figure 10(A)] and direct current electrode positive [DCEP,
so-called reverse polarity, see Figure 10(B)]. When using
direct current, the tungsten electrode may be connected to
either the negative or positive terminal of the power source.
When the electrode is negative (cathode), the electrons
flow from the electrode to the work and the ions move
from the work to the electrode. When the electrode is posi-
tive (anode), the electrons flow from the work to electrode
and the ions move from the electrode to the work. The
choice of whether to use DC, AC, VP, or programmed cur-
rent depends largely on the material to be welded.

4.4.1.2 Direct Current with Respect to Polarity.
The two types of direct current GTAW to be considered
are direct current electrode negative (DCEN), and direct
current electrode positive (DCEP). Each type has its own
characteristics and areas of application.

Direct current electrode negative (DCEN) when com-
bined with a thermionic electrode (e.g., tungsten) gener-
ates approximately 70% of the heat at the anode (work)
and approximately 30% of the heat at the cathode (elec-
trode). Since DCEN produces the greatest amount of
heat at the workpiece, this offers the advantage of deep
penetration and fast welding speeds. DCEN is the most
common configuration used in GTAW, and is used with
argon, helium, or a mixture of gases to weld most metals.
Helium and helium mixes are frequently the gases of
choice for mechanized welding because of helium’s
higher thermal conductivity. Additions of helium or hy-
drogen to argon are also frequently used for mechanized
welding because these produce a “hotter” arc.

13. Burgardt, P. and Campbell, R., 1992, Chemistry Effects on
Stainless Steel Weld Penetration, Ferrous Alloy Weldments,
Trans Tech Publications, Switzerland.

14. Burgardt, P., and Heiple, C., Interaction Between Impuri-
ties and Welding Variables in Determining GTA Weld Shape,
Welding Journal, Vol. 65, No. 6, June 1986, pp. 150-s—155-s.

Documents

12 Document Sharing Hub

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

Full document details: C5.5 - C5.5M-2003

Not for Resale


http://www.avadocuments.com/doc/c5-5-c5-5m-2003
http://www.avadocuments.com/doc/c5-5-c5-5m-2003

AWS C5.5/C5.5M:2003

WELDING WELDING WELDING
POWER POWER POWER
SOURCE ELECTRODE SOURCE ELECTRODE SOURCE ELECTRODE
DCEN DCEP AC
+Q@ -@ +O -9 ’ *
IONS/‘:__\‘ELECTRONS IONS/+ _}\ELECTRONS IONS/{:&_{‘\ELECTRONS
++ 3 ++ T ++ I
WORK
(A) (B)
PENETRATION CHARACTERISTICS
AC Balanced/Variable Polarity

CURRENT TYPE DCEN (A) DCEP (B) (Programmed) (C)
ELECTRODE POLARITY Negative Positive Negative and Positive
OXIDE CLEANING ACTION No Yes Yes, Once Every Half Cycle

HEAT BALANCEINTHE | /0 \york 30% at Electrode

30% at Work 70% at Electrode

50% at Work, 50% at Electrode

ARC (APPROXIMATE) (Varies with Program Setting)
PENETRATION Deep, Narrow Shallow, Wide Medium
ELECTRODE CAPACITY Excellent, e.g., 1/8 in. [3 mm]: Poor, e.g.,11/4 in. [6 mm]: Good, e.g., 1/8 in. [3 mm]:

400 A

20 A 225 A

Figure 10—Characteristics of Current Types Used for Gas Tungsten Arc Welding

With direct current electrode positive (DCEP), a ca-
thodic cleaning action is created at the surface of the
workpiece. This cathodic cleaning at the work surface
can be beneficial in removing oxides present on the sur-
face of some metals. In practice, this method is not used
as frequently as DCEN, AC, or Variable Polarity (VP)
because of the overheating of the electrode that occurs,
but it does have a particular advantage of surface clean-
ing on metals whose oxides cause problems to the weld-
ing operation. For example, this cleaning action is
beneficial for the welding of aluminum and magnesium.
This same action occurs in the reverse polarity half cycle
of AC and VP welding. In practice, alternating current
(AC) or variable polarity (VP) schemes are usually used
when cathodic cleaning action is needed.

Unlike DCEN, in which the electrode tip is cooled by
the evaporation of electrons, when the electrode is used
as the positive pole (i.e., DCEP), its tip is heated by the
bombardment of electrons as well as by its resistance to
their passage through the electrode. Therefore, to reduce

resistance heating and increase thermal conduction into
the electrode collet, a larger diameter electrode is re-
quired for a given welding current when using DCEP
(reverse polarity) to reduce electrode tip melting. DCEP
is sometimes used for thin cross sections to reduce heat
input.

4.4.1.3 Alternating Current with Respect to
Polarity. The condition existing when the welding cur-
rent polarity is periodically alternated from electrode
positive to electrode negative is called alternating current
[AC, see Figure 10(C)]. AC combines the work cleaning
action of electrode positive (reverse polarity) with the
deep penetration characteristic of electrode negative
(straight polarity).

Conventional AC welding power sources produce a
sinusoidal open circuit voltage output. When changing
from positive to negative flow, the current must pass
through zero, which extinguishes the arc. The arc must
then be reignited or it will remain extinguished.
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Figure 11—Relationship Between Arc Pressure and Pulse Frequency

Some means of maintaining the arc during the voltage
reversal is required with conventional sinusoidal welding
power sources. This has been done by using high open
circuit voltage power sources; by discharging capacitors
at the appropriate time in the cycle; by using high-
voltage high-frequency generators in parallel with the
arc; and by using power sources with a square wave
output.

4.4.1.4 Pulsed DC Welding. Pulsed GTAW is
characterized by a repetitive switching between a peak
(high) current and a background (low) current. Alternate
melting and solidification are obtained by switching be-
tween high and low currents. The high (peak) current
(5 A-200 A) is normally higher than continuous DC
welding to ensure rapid full penetration, after which
switching to a low (background) current (1 A-15 A) al-
lows the molten pool to solidify but maintains a pilot arc
for application of the next pulse."

There are three broad categories of pulsing: low fre-
quency (0.5 Hz-20 Hz), sometimes called “thermal puls-
ing”; intermediate frequency (>20 Hz-500 Hz); and,
high frequency (>500 Hz up to 16 kHz or more).

15. Pulsed Arc Welding. J. A. Street, Abington Publishing,
p. 11, (1990).

In pulsed DC welding, the peak current level is typi-
cally set at 2 to 10 times the background current level.
This condition provides the benefits of the driving, force-
ful arc characteristics of high current with the low heat
input of low current. The pulse current is used to obtain
the good fusion and penetration while the background
current maintains the arc and allows the weld area to cool
and/or solidify. Low-frequency DC pulsing of the weld
current can be thought of as a moving series of overlap-
ping spot welds.

There are several advantages of pulsed current. The
effect of high-frequency switching is to produce a “stiff”
welding arc. Arc pressure is a measure of arc stiffness.
As shown in Figure 11,'® as the switching frequency
nears 10 kHz, arc pressure increases to nearly four times
that of a steady DC arc. As arc pressure increases, there
is a reduced effect by magnetic fields (such as arc blow),
shielding gas movement (wind), etc.

For a given average current level, greater penetration
can be obtained by pulsing the current compared with
continuous current. This is useful on metals sensitive to

16. Refer to AWS Welding Handbook, 8th Edition, Volume 2:
Welding Processes, Chapter 3, “Gas Tungsten Arc Welding,”
Figure 3.12, and p. 86 for more information.
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Figure 12—Programmed (Modulated) Current without Polarity Reversal

heat input and for distortion control. Also, because there
is insufficient time for significant heat flow during the
current pulse, metals of vastly dissimilar thickness re-
spond nearly equally and thus nearly equal penetration
can be achieved. For a similar reason, very thin metals
can be joined with pulsed DC. In addition, one set of
welding parameters can be used on a joint in all posi-
tions, such as a circumferential weld in a horizontal pipe.
Pulsed DC is also useful for bridging gaps in open root
joints and for welding with consumable inserts. A disad-
vantage of pulsed DC current is that the welding power

source and controller are more sophisticated and rela-
tively more expensive.

4.4.1.5 Programmed Current. Welding power
sources have also been developed that are capable of pro-
viding various types of modulated current with or with-
out actual polarity reversal. See Figure 12!7 for an
example. These current pulsation techniques have been

17. References: AWS Welding Handbook, 8th Edition, Volume
2: Figure 3.10, p. 85; Muncaster, Figure 4.2, p. 37.
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Figure 13—Characteristics of Variable Polarity (Programmed) Weld Current

developed to increase weld penetration, to reduce heat
input, and to control or improve weld root and bead con-
tour, grain size, and out-of-position welding capabilities.
Two such programmed current techniques are square
wave AC pulsation and pulsating DC. Variable polarity
can be thought of as a subset of programmed current.

4.4.1.6 Variable Polarity. The term variable polar-
ity describes an alternating welding current that is asym-
metrical about the zero current level. This is shown in
Figure 13. The symmetry of the current above and below
zero is controlled by the current balance adjustment on
the power source.

The variable polarity power source was developed to
meet the criteria established for effective plasma “key-
hole” welding of aluminum, especially in heavy sections.
While primarily used for plasma arc welding (PAW) it
also is used for certain GTAW applications. This direct
current (DC) machine produces cyclic changes of DCEN
and DCEP polarities with independent control of the cur-
rent amplitude and the duration.

4.4.2 Arc Voltage. The voltage measured between the
tungsten electrode and the work is commonly referred to
as the arc voltage. The arc voltage is changed by the ef-
fects of the other variables, and is used in describing
welding procedures only because it is easy to measure.
Since the other variables such as the shielding gas, elec-
trode, and current have been predetermined, the arc volt-
age becomes a way to control the arc length. The arc
length is a critical variable that is difficult to monitor
without appropriate equipment. Arc length is important
with this process because it affects the width and depth
of the weld pool. The arc voltage is a function of gas
composition and arc gap length. The weld width is

directly proportional to the arc length, while the pool
depth is inversely proportional to the arc length. There-
fore, in most applications the desired arc length is as
short as possible.

4.4.3 Travel Speed. Travel speed affects both the
width and penetration of a gas tungsten arc weld. How-
ever, its effect on width is more pronounced than on pen-
etration. Travel speed is important because of its effects
on cost and weld quality.

High travel speeds minimize distortions caused by
thermal expansions and contractions during welding. On
the other hand, alloys prone to cold cracking are usually
not welded at high speeds, since the associated steep ther-
mal gradients and rapid cooling rates would contribute to
crack formation. Lower welding speeds are applied to cir-
cumvent this cracking problem (often used in combina-
tion with preheating the base metal to further reduce the
possibility of cold cracks and decrease the cooling rates).

4.4.4 Electrodes. The shape of the tungsten electrode
tip is an important process variable in GTAW. The tung-
sten electrodes may be used with a variety of tip configu-
rations and preparation methods. Electrode tip
configuration is a welding variable that should be studied
during the welding procedure development. It is impor-
tant that consistent electrode geometry be used once a
welding procedure has been established. Changes in
electrode geometry can significantly influence the weld
bead shape and size as shown in Figure 14.'8

18. Reference: Key, J., “Anode/Cathode Geometry and Shield-
ing Gas Interrelationships in GTAW,” Welding Journal, Vol. 59,
No. 12, Dec. 1980, Figure 1, p. 265-s.
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Figure 14—Arc Shape and Fusion Zone Profiles as a Function of
Electrode Tip Geometry in Pure Argon Shielding Gas

4.4.5 Shielding Gas. As mentioned previously, the
shielding gas has several influences on the GTAW pro-
cess. Attention should be paid to the gas quality (purity),
to its voltage-current characteristic, and to its thermal
conductivity. Shielding gases will be covered in detail in
Section 7.

4.5 Related Variables. A number of variables can have
a pronounced effect upon GTAW quality and speed.
These include filler metal (type, size, feed mechanism),
joint design, material composition, and tooling. In addi-
tion, electrode orientation and arc deflections must be
considered.

4.5.1 Electrode to Work Angle and Position. The
forces exerted on the weld pool vary with the angle of the
torch (electrode) with respect to the vertical and the di-
rection of travel.

In manual welding the welder may use this to:

(1) Properly distribute weld deposit relative to the
joint being welded, e.g., fillet or groove weld.

(2) Affect multipass or stringer beads that may over-
lap one another.

(3) Control the amount of weld penetration or drop
through (root reinforcement) and/or weld bead shape.

In mechanized or automated welding the electrode
(torch) angle can be an important parameter to counter
the effects of arc drag or to force changes to the shape of
the pool (and thus change the resultant solidification) by
redirecting the arc force either into or away from the
direction of travel.

4.5.2 Arc Motion and Deflections. Several variations
of arc deflection have been applied in attempts to modify
the resultant fusion zone, including grain refinement.
These techniques include weld pool stirring, arc oscilla-
tions and arc modulations/pulsations. One of the more
popular techniques is magnetic arc deflections or oscilla-
tions. The application of one or more magnetic poles is
used to stabilize the arc column and minimize the effects
of local magnetic disturbances that result in arc blow.
Fixed and/or variable electromagnetic poles have been
applied in a similar manner to stabilize or to oscillate the
arc column. Stable arc deflections can be used to counter
the effects of arc drag during higher speed welding."”

19. Hicken, G. K. and Jackson, C. E., 1966, “The Effects of
Applied Magnetic Fields on Welding Arcs,” Welding Journal,
Vol. 45, No. 11, Nov. 1966, pp. 515-s-524-s.
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Another variation of arc deflection is the weaving or
mechanical motion of the torch (electrode) side to side,
to be sure that a full fusion weld is achieved.

5. Equipment and Supplies

5.1 Welding Power Sources (Used for GTAW)—Intro-
duction. Constant-current type power sources are nor-
mally used for GTAW. Power required for both AC
(alternating current) and DC (direct current) GTAW can
be supplied by inverter, transistor, or transformer-
rectifier power sources or from rotating AC or DC gener-
ators. A description of the types of currents is found in
Section 4. Advances in semiconductor electronics have
made transformer-rectifier, and more recently, transistor
and inverter type power sources popular for both shop
and field GTAW. Engine driven power sources continue
to be widely used in the field.

In constant current power sources the weld current re-
. mains nearly constant with variations in output voltage,
as shown in Figure 15. It is the goal of the power source
3‘: manufacturer to provide power sources that produce the
< desired type of current (e.g., DC, pulsed DC, AC, etc.)
and maintain the current at the desired level regardless of
external influences such as power line voltage fluctua-
tions. The components used for each type of power

source are a compromise of cost, weight, size, type of
input or primary power, performance, and the type of
current to be used in the welding process.

Selecting the correct power source, of course, depends
upon process requirements. The first step is to determine
the electrical requirements of the welding process with
which it will be used. Other factors to consider include
such things as future requirements, maintenance, eco-
nomic considerations, portability, environment, available
skills, safety, manufacturer’s support, code compliance,
and standardization. Most electronically controlled power
sources offer rapid dynamic response; i.e., can change
from one level to another. As a result, these power sources
can be used to provide pulsed welding current. Series lin-
ear regulator and switched secondary designs provide DC
welding current from rectified single or three-phase input
power. Silicon controlled rectifier (SCR) designs can pro-
vide AC and DC current from single-phase power and DC
current from three-phase power. Depending on the de-
sign, inverter power sources can provide AC and DC out-
put from single or three-phase input power. Inverter
power sources are the most versatile, with many offering
multi-process capabilities and variable welding current
waveform output. Inverters are also lighter and more
compact than standard 60 Hz transformer-rectifier power
sources of equivalent current rating.

IDEAL CONSTANT VOLTAGE POWER SOURCE

e

DROOPING POWER SOURCE

POWER SUPPLY TERMINAL VOLTAGE

TYPICAL CONSTANT
CURRENT POWER

SOURCE\

IDEAL CONSTANT CURRENT POWER

POWER SUPPLY OUTPUT CURRENT

Figure 15—TYypical Volt-Amp Characteristic Curves for GTAW Power Sources
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It is important to select a GTAW power source based
on the type of welding current required for a particular
application. The types of welding current include AC
sine wave, AC square-wave, DC, and pulsed DC. The
following sections have more information on the types of
power sources. Many power sources are available with a
variety of additional controls and functions such as water
and shielding gas control, wire feeder and travel mecha-
nism sequencing, current up-slope and down-slope, and
multiple-current sequences.?% 2!

5.1.1 Transformer Rectifier Power Sources. One of
the most common types of GTAW power sources utilizes
transformers and some form of rectification. The rectifi-
cation can be provided by simple inexpensive diodes or
SCRs. The purpose of the transformer in this power
source design is to reduce the incoming line voltage and
increase the current to a level that is more closely needed
for the welding process. For example, a welding power
source using 480 V supply voltage needs to be reduced to
a voltage in the range of 30 V-80 V, and the current is
increased proportionally to the reduction in voltage. Sin-
gle rectifiers, also known as diodes, can be connected to
create a single polarity of voltage, i.e., direct current. The
SCRs are simply controllable diodes that improve the
ability of the electronics to control current. Prior to the
use of SCRs this type of control had been accomplished
using mechanically driven magnetic control techniques
and saturable reactor magnetic controls. The magnetic
type of control was relatively slow and had many me-
chanically related deficiencies.

5.1.2 Generator Power Sources. Generators are
most commonly used for field applications or in indus-
trial settings where sufficient power is not available from
the existing power system (mains). The generator-type
power sources convert mechanical energy into electrical
power suitable for arc welding. The mechanical power
can be obtained from an internal combustion engine, an
electric motor, or from a power take-off from other
equipment. For welding, two basic types of rotating
power sources are used: the generator and the alternator.
Both have a rotating member normally called a rotor or
an armature, and a stationary member, called a stator. A
system of excitation is needed for both types. Alternators
are used to produce alternating currents while generators
are used to produce direct currents. The speed of rota-
tion, the winding configuration and external excitation

20. Refer to AWS Welding Handbook, 8th Edition, Volume 2:
Welding Processes, Chapter 1, “Arc Welding Power Sources,”
for more detailed information.

21. Grist, E. J., Farrell, W. and Lawrence, G. S. 1993. Power
Sources. ASM Handbook, 9th Edition, Volume 6, Welding,
Brazing and Soldering, pp. 36—44.
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currents are the major determining factors in the voltages
and currents that each of these devices generate.??

5.1.3 Transistorized Power Sources. The transistor-
ized power source derives its name from the fact that the
output of the welding power source utilizes transistors.
The transistorized source takes the DC created by a
transformer and diodes and uses the transistors to control
the power source output current. The use of transistors
allows for very fast and precise control of the output cur-
rent, which is especially advantageous in pulsed GTAW
applications. The two common types of transistorized de-
signs are referred to as series linear regulators and sec-
ondary switchers.

The transistorized power source has a very stable out-
put and is fast to respond to control signals. Advanced
design methods make it possible to obtain a modulated
signal whereby the output current is proportional to the
input control voltage. The fast response of the power
source when combined with the modulation capability
makes it possible to generate sine wave, thermal pulsed
DC, and high-frequency pulsed DC all from the same
power source by simply changing the input control volt-
age or modulation signal.

5.1.4 Inverter/Converter Power Sources. The in-
verter power source was originally developed for the
military to provide significant reduction in weight and
size of the power source relative to the other types of
sources described thus far in this text. The welding in-
verter power source provides a weight reduction factor of
4 to 5. The inverter design is also electrically more effi-
cient and the output more stable than SCR power source
design technologies. This is primarily accomplished by
the reduction of the transformer size. This reduction in
transformer size is possible by increasing the frequency
used in the transformer section. The transformer section
of the inverter power source is utilized in the many thou-
sands of Hertz as opposed to 60 Hz in other power source
designs.

The inverter power source is a type of GTAW power
source that takes AC input power, typically at 60/50 Hz,
and changes it to DC, which is converted to higher fre-
quency AC and then rectifies the higher frequency AC to
obtain the desired output current. Several variations of
the inverter design are available. An example of the
design schematic is shown in Figure 16. This higher
frequency is in the range of 1 kHz—-125 kHz. The size of
a transformer is indirectly proportional to the frequency
of the voltage. That is, as the frequency increases the size

22. For additional information, see AWS Welding Handbook,
8th Edition, Volume 2: Welding Processes. Also see ASM
Handbook, 9th Edition, Volume 6: Welding, Brazing, and
Soldering.
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Figure 16—Typical Inverter Power Source Components

and weight of a transformer decreases. Since the voltage
being transformed is very high in frequency, the size of a
transformer is significantly less, as noted above, when
compared to a transformer for the same application used
at 60 Hz. Thus significant size and weight reduction is
possible. The inverter power source also has a very fast
response time compared to many other types of power
sources, e.g., transformer-rectifiers. The fast response
time is useful in pulsed welding applications.

5.2 Controllers. The term controller is used throughout
industry and has many meanings. In the welding field
there are two common types of controllers. The first is
the controller used to control a single process variable.
The second type of controller is the weld sequence con-
troller that orchestrates all of the individual process vari-
ables so that each weld variable is set to the proper level
at the proper time during the weld cycle.

The most common weld sequence controller is time
based. That is, the control is programmed in time relative
to the arc start or the pre-flow of electrode shielding gas.
It is also possible to have a position based weld sequence
controller. In this type of controller the sequencing of the
process variables is determined or programmed using the
relative position or location of the torch with respect to
the part, e.g., a change in speed.

5.2.1 General Control Concepts. Each process vari-
able in the GTAW process is set to an appropriate level to
produce desired weld characteristics (e.g., the desired
weld width, penetration). The variables that are com-
monly measured and/or controlled are called process
variables. The desired weld characteristics are not being

measured and controlled, but rather the major process
variables that affect heat input and torch position are
measured. Control of the process variables improves pro-
cess consistency, but does not ensure consistent welds
under all conditions.

Although the actual weld characteristics cannot typi-
cally be controlled, it is possible to precisely control a
majority of the process variables that drastically affect
weld quality and consistency (repeatability). These
variables include arc voltage, weld current, travel speed,
wire feed speed, shielding gas flow, and multiple axes of
position.

There are two categories of controls used in most
GTAW processes. The first is the open loop control sys-
tem. In the open loop control system the process variable
is generated and no corrections are made to this setting to
maintain the desired set point, even if the output value is
not correct. A closed loop control assures the set point
value is maintained regardless of the outside influences.
A sensor measures the process variable and sends this
signal back to the comparison circuitry, i.e., feedback.
The circuitry compares the actual variable value to the
desired set point (reference) value. If the actual value is
lower than the reference value then the signal to correct
is increased. This process continues until the reference
value is achieved. The ability to maintain a process vari-
able at the desired or set point value, however, is greatly
affected by whether or not the system is governed by
open or closed loop control methods.

Besides the open loop and closed loop control meth-
ods, either of these types of control can be based on ana-
log or digital principles. The analog controller typically
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uses “circuitry” to perform the necessary set-point and
output comparisons. Such functions are, in many cases,
easily performed using transistor or integrated circuit de-
signs. In other situations it is more desirable to imple-
ment the control functions using digital circuits,
microprocessors, or some other digital computation sys-
tem such as a personal computer.

In all of the following process variable control discus-
sions it must be remembered that the open loop and
closed loop implementations are possible, and, the con-
trol may be implemented using digital or analog tech-
niques or a combination of digital and analog methods.
The following provides a brief discussion of typical indi-
vidual process variable controls.

5.2.1.1 Current. The desired current from the
power source is set either using front panel adjustments,
hand or foot controller, or through an external signal that
may come from a computerized weld controller or a ded-
icated weld sequence controller. If closed loop control is
implemented, a current sensor is used to monitor the ac-
tual current that is produced by the power supply.

5.2.1.2 General Motion Control. Motion control
is a general term that refers to control of linear or rota-
tional speed or position, or a combination of these. In
general, for motion to occur there must be some drive
source, such as a motor. If there is feedback involved then
there must be some type of sensor to complete the feed-
back loop and appropriate electronics for the feedback.
There are three major types of motors used for motion
in GTAW. The first and most common is the DC motor.
The second type sometimes used is the stepper motor.
The stepper motor is a digitally controlled motor and can
be used with or without feedback. The third, and less
common is the AC motor, which is also used for larger
" applications.

: 5.2.1.3 Travel Speed. Travel speed is simply an

5}i implementation of a general motion control, but instead
“of using position feedback sensors, a speed or velocity
sensor is used with appropriate modification to the con-
trols to assure that speed is controlled instead of position.
Travel speed in GTAW applications normally refers to
the relative motion between the part and the torch.?? In
many GTAW applications, the part is moved with the
torch remaining in a fixed position. In other cases it is
easier to move the torch with the part remaining fixed.

23. LaCoursiere, E. J., A. H. Farnham, D. G. Howden, L.
Zhang. 1993. “Requirements for High-Speed (GTA) Welding,
Controller Response Time and Speed Resolution,” in the
“International Conference Proceedings on Modeling and Con-
trol of Joining Processes,” edited by T. Zacharia, Oak Ridge
National Laboratory. American Welding Society, December 8—
10, 1993, pp. 500-509.
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The simplest and most common travel speed imple-
mentations are the simple linear torch movement or the
constant rotation speed of a part. These are examples of a
single axis of motion. On the other extreme of complex-
ity is the robotic movement of a torch that may involve
many axes of rotation and linear motion to weld a com-
plex part.

5.2.1.4 Wire Feed Speed. For mechanized and
automatic gas tungsten arc welding, wire feeders (see
Figure 17) are often used to deposit filler metal into a
weld joint. The wire must be deposited at a constant vol-
umetric rate so as to not overfill or underfill the weld
joint. The typical wire being fed into the joint by the wire
feeder comes from a supply spool of wire. In most cases,
the wire that is fed to the weld is stiff and the amount of
force needed to uncoil or feed the wire is not constant
during the feeding process. Friction forces inside the
conduit, that guide the wire to the arc, vary considerably
as the conduit is manipulated during the weld process.

Since the force required to feed the wire is not con-
stant, there must be provisions made in the design of
wire feeders to assure constant wire feed rates. In some
of the less expensive designs the speed of the electric
motor used to feed the wire is reduced or the motor speed
is geared such as to achieve mechanical advantage to re-
duce the effect of the varying force on the speed of the
motor. Feedback control methods can also be used to as-
sure the constant wire feed rate. The latter provides the
best assurance of constant wire feed rate.

As with other controllers, the wire feed rate may be
set using front panel control knobs, signals from comput-
ers, or weld sequence controllers. The motors used most
often for this application are DC motors, but digital step-
per motors or AC motors can also be used.

For many welding processes the wire feed rate is con-
tinuous throughout the welding sequence. That is, the
wire feed rate is maintained at one level throughout the
portion of the welding sequence that requires weld wire.
In thermal pulsed GTAW wire may be fed only during
the peak pulse current time. This requires synchroniza-
tion of the wire feed command signal to the power source
current control signal. This places additional demands on
the controllers and wire feed motor systems to accom-
plish this task.

In addition to the speed and synchronization of the
wire feed there are two additional variations for feeding
wire in the GTAW process. These variations are hot and
cold wire feeders as described in more detail in 5.6.

5.2.1.5 Gas. The torch gas flow rate is most often
manually preset using variable area flowmeters, also
commonly known as rotameters. This is the floating ball
in a tube-type indicator commonly seen on welding
equipment. Gas flow is then started and stopped using
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Figure 17—Typical Wire Feeder

electrically controlled solenoid valves. The solenoid
valves are most often activated at the appropriate time by
the weld sequence controller. The flow rate is adjusted
manually on most variable area flowmeters. Flowmeters
that can be preset are available. In cases where it is de-
sired to actually measure or control gas flow, controllers
are available for this purpose. The most common of these
is the mass flow meter and controller. For reasons of
cost, it is not common to use mass flow meters and con-
trollers except for cases where flow rates must be re-
nfiotely controlled or for the most accurate control of
flow.

5.2.1.6 Arc Voltage and Arc Length Controllers.
Arc voltage controllers (AVC) can be used in mecha-
nized and automated GTAW welding to maintain arc
length. In this case, the arc itself is the sensor, since its
voltage is a function of its length. A comparison is made
between the actual arc voltage and the desired arc volt-
age. The difference in voltage is used by the AVC to de-
termine which direction (i.e., closer to or further away
from) and at what speed the welding electrode will be
moved.

In pulsed welding the current varies between the peak
and background values. This causes corresponding in-
creases and decreases in arc voltage for a given arc
length. If this fluctuating arc voltage is presented to the

AVC a hunting or continual adjustment of the arc length
will occur. Some manufacturers provide an additional
option for AVC to prevent this unwanted variation, un-
less some electronic filtration is used. The option allows
the controller to measure the arc voltage only during the
high or peak current times.

It must be remembered that it is the relationship be-
tween arc length and arc voltage that makes the use of
AVC possible. Once a weld is developed, it is assumed
that this relationship will remain constant over time for
production runs. However, many variables can change
the arc voltage vs. arc length relationship. For example,
use of helium provides greater sensitivity than argon gas.

5.3 Pulse Controllers. There are numerous types of
pulse controllers available. These may be added to ap-
propriate power sources as an option or integrated as part
of a power source. In either of these cases, the pulse con-
trol options may be set and controlled via computer or by
manual selector settings. These controllers provide the
necessary additional controls required to set pulse time,
pulse current, background current and background time
variables.

5.4 Weld Sequence Controllers. The weld sequence
controller provides the capability to synchronize the op-
eration of many individual process variable controls so
that the proper weld sequence may occur. For instance a
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weld sequence controller may execute the following
steps:

(1) pre-flow torch gas for 5 seconds,

(2) start the welding arc,

(3) after the arc is successfully started slope the cur-
rent from 10 amps to 100 amps in ten seconds, etc.

The weld sequence controller can have many forms.
The simplest form is a multi-channel timer that simply
starts the various individual process variable controllers
at the required time. For example, the pre-flow of torch
gas may be started by opening a solenoid valve, the timer
then signals the arc starter, and when the arc is initiated it
simply maintains a current for a predetermined length of
time. In the simplest form, relative torch motion may be
provided manually by the operator.

On the other extreme of capability is the sophisticated
computerized weld controller. This may be a dedicated
microprocessor or computer system. All process variable
control values and functions are handled by this one weld
controller. Figure 18 shows a nonpulsed weld sequence
and Figure 19 shows a pulsed weld sequenced schematic.

AWS C5.5/C5.5M:2003

5.5 Arc Welding Torches. GTAW torches hold the tung-
sten electrode, which conducts welding current to the
arc, and provide a means for conveying shielding gas to
the weld zone. Torches are rated in accordance with the
maximum welding current and duty cycle that can be
used without overheating. Most torches are designed to
accommodate a range of electrode sizes and different
types and sizes of gas cups/nozzles. The heat generated
in the torch during welding is removed by shielding gas
cooling and/or water-cooling. Reflected heat can reduce
the duty cycle rating.

5.5.1 Types of Torches. Several types of welding
torches are available and will be briefly described.

5.5.1.1 Gas-Cooled Torches. Gas-cooled torches
(a nonstandard term is air-cooled torches) provide cool-
ing by the flow of a relatively cool shielding gas through
the torch. Gas-cooled torches are limited to a maximum
current of about 200 A at 60% duty cycle. Gas-cooled
torches may be used at high current settings for low-duty
cycles, short weld lengths with frequent starts and stops,

SEQUENCE NAME
~ W Q c w =
% T &  ARCSTARTS LTJ/ oy S S %
E 5 &  HERE N < 3 o
O < 19}
WELD & 2 > WELDING CURRENT N Q
CURRENT < Q a
VALUE ¥
HOT
START ¥
CURRENT ARC —
VALUE \ OFF = ™™
INITIAL 5 TAPER DELAY TIME B L _ ~— rosT
CURRENT UPSLOPE WELD TIME TAPERTIME _ . DOWN- o
VALUE - TIME >»= > SLOPE FILLER- |fr|TM\éV
PREFLOW WIRE FEED SPEED TIME METAL-
TIME (CONSTANT VELOCITY SHOWN) STOP
I ]« — DELAY
TRAVEL SPEED (CONSTANT VELOCITY SHOWN)
— | < — FILLER METAL START DELAY TIME TRAVEL—> |=—
> <« TRAVEL START DELAY TIME STOP DELAY
ON COOLING WATER (OPTIONAL
OFF SHIELDING GAS =
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OFF
- WELD CYCLE TIME (NOT TO SCALE) >
Figure 18—TYypical GTAW Sequence for Non-Pulsed DC Welding
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Figure 19— Typical GTAW Sequence for Pulsed DC Current and Pulsed Wire Feed

and tacking of heavy materials. A gas-cooled torch is
illustrated in Figure 8.

5.5.1.2 Water-Cooled Torches. Water-cooled
torches are cooled by the continuous flow of water
through passageways in the holder. As illustrated in Fig-
ure 20,2* cooling water enters the torch through the inlet
hose, circulates through the torch, and exits through an
outlet hose. The power cable from the power source to
the torch is typically enclosed within the cooling water
outlet hose.

Water-cooled torches are designed for use at higher
welding currents and duty cycles than gas-cooled
torches. Typical welding currents of 300 A to 500 A can
be used, although some torches have been built to handle
welding currents up to 1500 A. Most machine or auto-
matic welding applications use water-cooled torches.

24. AWS Welding Handbook, 8th Edition, Volume 2: Welding
Processes, Chapter 3: Gas Tungsten Arc Welding. Figure 3.4,
p- 78.

Water-cooled torches typically use a water-propylene
glycol mixture in a closed system with a recirculator (see
5.5.5 on Water Coolers). This is especially needed for
systems employing high-frequency arc stabilization and
high-frequency arc starts. This reduces mineral build-up
in the torch from tap water, as well as conserving water.
However, tap water is sometimes used when it does not
interfere with the high-frequency system.

A comparison of typical current ratings for gas-cooled
and water-cooled torches is shown in Table 2.2

5.5.1.3 Manual Torches. Torches for manual ap-
plications have a head angle (angle between the electrode
and handle) of 90°, 100°, or 120°. Torches are also avail-
able with adjustable angle heads and straight-line (pencil
type) heads. Manual torches often have auxiliary
switches, valves, and controls built into their handles for
controlling current and shielding gas flow.

25. AWS Welding Handbook, 8th Edition, Volume 2: Welding
Processes, Chapter 3: Gas Tungsten Arc Welding. Table 3.1,
p-77.
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Figure 20—Typical Water-Cooled GTAW Torch (Cross-Sectional View)

Table 2
Comparison of Typical Current Ratings for Gas-Cooled and Water-Cooled GTAW Torches("
Torch Size
Torch Characteristics Small Medium Large
Maximum Current (100% duty cycle), A 200 200-300 500
Cooling Method Gas Water Water

Electrode Diameters accommodated, in. [mm] 0.020 to 3/32 [0.5 to 2.4]
Gas Cup Diameters accommodated, in. [mm] 1/4 to 5/8 [6 to 16]

0.040 to 5/32 [1.0 to 4]
1/4 to 3/4 [6 to 19]

0.040 to 1/4 [1.0 to 6]
3/8 to 3/4 [10 to 19]

Note:
(1) AWS Welding Handbook, 8th Edition, Volume 2: Welding Processes, Chapter 3, Gas Tungsten Arc Welding, Table 3.1, p. 77.

The welder prefers the lightest torch possible for any 5.5.1.4 Mechanized and Automated Torches.

application because of the tiring effects of positioning
and manipulating the torch with relationship to the weld
pool. The angle of the torch head is usually dependent on
the type of welding to be performed. A 120° torch head
is preferred when making fillet welds and a 100° torch
head is preferred when making butt welds. Figure 2126
shows typical GTAW torches.

26. Photo courtesy of CK Worldwide.

The basic mechanized or automatic torch has a straight-
line (pencil type) head (see Figure 21). The torch is ei-
ther rotated mechanically around a joint to be welded,
mounted on a tracking device for longitudinal welds or
on a robot for all configuration welds.

5.5.1.5 Orbital Weld Heads. Integral electrode
holders are often used in orbital weld heads. With closed-
head types, the electrode is held in a planetary gear hous-
ing that rotates around the stationary workpiece (see
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Figure 21—Examples of GTAW Torches

9.4.1.2 for further details). Open head types feature the
torch mounted on a gear that rotates around the work-
piece (see Figure 22%7). Shielding gases are contained
within the weld head for closed head types and are pro-
vided through the torch in open head types.

5.5.2 Collets. Electrodes of various diameters are se-
cured in the torch by appropriately sized collets or
chucks. Collets are typically made of a copper alloy. The
electrode is gripped by the collet when the torch cap is
tightened in place. Good contact between the electrode
and the inside diameter of the collet is essential for
proper current transfer and electrode cooling.

5.5.3 Gas Nozzles/Cups. Shielding gases are directed
to the weld zone by gas nozzles, which fit onto the head
of the torch as illustrated in Figure 23. Nozzles are more
often called by the nonstandard term gas cup. Also incor-
porated in the torch body are diffusers or carefully pat-
terned jets or holes that feed the shield gas to the gas
nozzle (cup). Their purpose is to assist in producing a
laminar flow of the exiting gas shield (see 5.5.3.3 for gas
lenses). Gas nozzles are made of various heat-resistant
materials in different shapes, diameters, and lengths.
These gas nozzles are either threaded to the torch or held
by friction fit.

5.5.3.1 Gas Nozzle/Cup Materials. Shielding gas
nozzles are made of ceramic, metal, metal jacketed ce-

27. Photo courtesy of Arc Machines Incorporated.

ramic, fused quartz, lava, or other materials. Ceramic
cups are the least expensive and most popular, but are
brittle and must be replaced often. Fused quartz cups are
transparent and allow better vision of the arc and elec-
trode. However, contamination from metal vapors from
the weld can cause them to become opaque, and they are
also brittle. Water-cooled metal nozzles have longer life
and are used mostly for machine and automatic welding
applications where welding currents exceed 250 A.

5.5.3.2 Sizes and Shapes of Gas Nozzles (Cups).
The gas nozzle (cup) must be large enough to provide
shielding gas coverage of the weld pool area and sur-
rounding hot base metal. The gas nozzle diameter must
be appropriate for the volume of shield gas needed to
provide protection and the stiffness needed to sustain
coverage in drafts. A delicate balance exists between the
gas nozzle diameter and the flow rate. If the flow rate for
a given diameter is excessive, the effectiveness of the
shield is destroyed because of turbulence. High flow
rates without turbulence require large diameters; these
are essential conditions at high currents. Size selection
depends on electrode size, type of weld joint, weld area
to be effectively shielded, and access to the weld joint.

Suggested gas nozzle sizes for various electrode di-
ameters are covered in Section 6. Use of the smallest gas
nozzle permits welding in more restricted areas, and of-
fers a better view of the weld. However, use of too small
a gas nozzle may cause shielding gas turbulence and jet-
ting, as well as melting of the lip of the gas nozzle.
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Figure 22—Orbital Weld Head with Wire Feeder

HIGH IMPACT O-RING O-RINGS (2)
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Figure 23—Components of a Typical GTAW Torch, Including Gas Nozzle/Cup,
Gas Lens, Collet Body, Torch Body, Collet, and Electrode
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