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Abstract

This specification prescribes requirements for the classification of bare magnesium alloy welding electrodes and rods for
use with the gas metal arc, gas tungsten arc, oxyfuel gas, and plasma arc welding processes. Classification is based upon
chemical composition of the welding wire. Standard sizes, finish, winding requirements, package forms and weights,
product identification, and chemical composition limits are specified.
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Statement on Use of AWS Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society are voluntary consensus standards thathave been developed in accordance with the rules of the American
National Standards Institute. When AWS standards are eitherincorporated 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 cascs, 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: 0-87171-399-3

American Welding Society, 550 N.W. LeJeune Road, P.O. Box 351040, Miami, Florida 33135

© 1992 by American Welding Society. All rights reserved
Printed in the United States of America

Note: The primary purpose of AWS is lo serve and benefit its members. To this end, AWS provides a forum for the
exchange, consideration, and discussion of ideas and proposals that are relevant to the welding industry and the consensus
of which forms the basis for these standards. By providing such a forum, AWS does not assume any duties to which a user
of these standards may be required to adhere. By publishing this standard, the American Welding Society does not insure
anyonc using the information it contains against any liability arising from that use. Publication of a standard by the
American Welding Society does not carry withit any right ta make, use, or sell any patented items. Users of the information
in this standard should make an independent investigation of the validity of that information for their particular use and
the patent status of any item referred to herein.

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 interpretations 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 Filler Metal Committee. 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 requested and should be addressed to AWS
Headquarters. Such comments will receive careful consideration by the AWS Filler Metal Committee and the author of
the comments will be informed of the Committee’s response to the comments. Guests are invited to attend all meetings
of the AWS Filler Metal Committee 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, P.O. Box 351040, Miami,
Florida 33135.
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Foreword

(This Forewordis nota part of ANSI/AWS A5.19-92, Specification for MagnesiumAlloy Welding Electrodes and Rods,
but is included for information purposes only.)

This document represents the fourth revision or reaffirmation of the specification initially issued in 1966 as a joint
ASTM/AWS specification. Very soon after its publication, the ASTM agreed to accept the AWS as the sole society
responsible for the development and publication of filler metal specifications.

Inrecentyears, the AWS filler metal specifications have been recognized by the American National Standards Institute.
The evolution of this specification is shown below:

ASTM B448-66T Tentative Specification for Magnesium-Alloy Welding Rods and Bare Electrodes
AWS A5.19-66T
AWS A5.19-69 Specification for Magnesium-Alloy Welding Rods and Bare Electrodes

ANSI W3.19-1973
ANSI/AWS A5.19-80  Specification for Magnesium-Alloy Welding Rods and Bare Eleetrodes

ANSI/AWS A5.19-90  Specification for Magnesium-Alloy Welding Rods and Bare Electrodes
Reaffirmation

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Managing
Director, Technical Services Division, American Welding Society, 550 N.W. LeJeune Road, P.O. Box 351040, Miami,
Florida 33135.

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.
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Specification for

Magnesium Alloy Welding

Electrodes and Rods

1. Scope

This specification prescribes requirements for the clas-
sification of bare magnesiumalloy welding electrodes and
rods for use with the gas metal arc, gas tungsten arc,
oxyfuel gas, and plasma arc wclding processes.

PartA
General Requirements

2. Classification

2.1 The electrodes and rods covered by this specification
are classified according to the chemical composition of
the filler metal as specified in Table 1, and their usability
as specified in Scction 8, Weld Test Assemblies, and
Table 2.

2.2 Electrode or rod classificd under one classification
shallnotbe classified under any other classification in this
specification.

2.3 The clectrodes and rods classified under this specifi-
cation are intended for gas metal arc, gas tungsten arc,
oxyfuel gas, and plasma arc welding, but that is not to
prohibit their use with any other process for which they
are found suitable.

3. Acceptance

Acceptance! of the electrode or rod shall be in accord-
ance with the provisions of ANSI/AWS AS.01, Filler
Metal Procurement Guidelines?

1. See A3. Acceptance (in the Appendix) for further informa-
tion concerning acceptance and testing of the material shipped.
2. AWS standards may be obtained from the American Weld-
ing Society, 5SSO N.W. LeJeune Road, P.O. Box 351040, Miami,
Florida 33135.

Copyright by the American Welding Society Inc
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4. Certification

By affixing the AWS specification and classification
designations to the packaging, or the classification to the
product, the manufacturer certifies that the product meets
the requirements of this specification.?

5. Units of Measure and Rounding-
Off Procedure

5.1 U.S. customary units are the standard units of mea-
sure in this specification. The SI units are given as
equivalent values to the U.S. customary units. The stan-
dard sizes and dimensions in the two systems are not
identical, and for this reason, conversion from a standard
size or dimension in one system will not always coincide
with a standard size or dimension in the other. Suitable
conversions, encompassing standard sizes of both, can be
made, however, if appropriate tolerances are applied in
each case.

5.2 Forthe purpose of determining conformance with this
specification, an observed or calculated value shall be
rounded to the “nearest unit” in the last right-hand place
of figures used in expressing the limiting value in accord-
ance with the rounding-off method given in ASTM E29,
Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications.*

3. See A4. Certification (in the Appendix) for further informa-
tion concerning certification and the testing called for to meet
this requirement.

4. ASTM standards can be obtained from the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA
19103.
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Table 2
Required Tests

Radiographic  Bead-On-Plate
AWS Chemical Test* Test*

Classification  Analysis (Electrode) Rod)
ER AZ61A X X —
R AZ61A X — X
ER AZ92A X X —
R AZ92A X — X
ER AZ101A X X —
R AZ101A X — X
LR EZ33A X X —
R EZ33A X — X

* Filler metal meeting the radiographic requirement, when tested as an.
electrode, is not required to be tested as a rod as specified in 8.1.

PartB
Tests, Procedures, and Requirements

6. Summary of Tests

The tests required for each classification are specified
in Table 2. The purpose of these tests is to determine the
chemical composition of the filler metal, soundness of the
weld metal produced by gas metal arc welding, and the
deposition characteristics of welding rods. The base metal
for the weld test assemblics, the welding and testing
procedure to be employed, and the results required are
given in Sections 8 through 11.

7. Retest

Ifthe results of any test fail to meet the requirement, that
testshallbe repeated twice. The results of both retests shall
meet the requirement. Material for retest may be taken
from the original test sample or from one or two new
samples. For chemical analysis, retest need be only for
those specific elements that failed to meet the test
requirement.

8. Weld Test Assemblies

8.1 Two weld test assemblies are required:

(1) The groove weld in Figure 1 for the usability of
clectrodes and the soundness of the weld metal

(2) The bead-on-plate weld in 8.4.1 for the usability
of rods

8.2 Usability tests shall be made using electrodes and
welding rods of each size. A filler metal that meets the

Copyright by the American Welding Society Inc
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requirements of the radiographic soundness test, when
tested as an electrode, may also be classified as a welding
rod without being subjected to the bead-on-plate test
required for a welding rod. A filler metal that meets the
bead-on-plate weld test requirements, when tested as a
welding rod, shall also be tested as an electrode and meet
the requirements of the radiographic soundness test in
order to be classified as an electrode.

8.3 Groave Weld for Soundness and Usability of
Electrodes

8.3.1 Atestassembly shall be prepared and welded, as
specified in Figure 1 and 8.3.2 through 8.3.4, using base
metal of the appropriate type specified in Table 3. Testing
of this assembly shall be as specified in Section 10,
Radiographic Test.

8.3.2 Welding of the test assembly shall be done using
the gas metal arc welding process with techniques and
procedures specified by the manufacturer as to the condi-
tions not covered herein.

8.3.3 Dimensions of the groove weld joint and the
welding position shall be as specified in Figure 1 for the
electrode diameter being tested. The backing material
shall be of the same type as the base metal,

8.3.4 The preheat temperature for the test assembly
shall be not less than 60°F (16°C) nor greater than 150°F
(66°C), and the interpass temperature shall not exceed
150°F (66°C).

Table 3
Base Metal for Test Assemblies

Base Metal

Electrode and Rod

AWS Classification ASTM Designation* UNS Number

ER AZ61A, AZ10A M11100
R AZ61A, AZ61A M11610
ER AZ92A, AZB0A M11800
or Mi1A M15100

R AZ92A ZE10A M16100
ZK21A M16210

ER AZ101A AZ63A M11630
or AZ81A M11810

R AZ101A AZ91C M11914
HM21A M13210

ER EZ33A HM31A M13312
or HZ32A M13320

R EZ33A K1A M18010
QE22A M18220

ZF41A M16410

*ASTM B2735, except B270 for QE22A
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10 in. MIN

- 10in. MIN

S| EQUIVALENTS

S

60° 7/
[

in. mm
0.040 1.0
3/64 1.2
T

__T—

1/16 1.6
3/32 2.4
1/8 3.2
174 6.4
3/8 9.5
1/2 12.7

1 254

10 254

NOTE: ASSEMBLY MAY BE MACHINED, EXTRUDED OR CAST AS A SINGLE PIECE.
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Electrode Plate Root
Diameter  Thickness, T Opening, R Welding
in. in. in. Position
0.040 1/4 1/4 Overhead
3/64 1/4 1/4 Qverhead
1/16 3/8 3/8 Overhead
3/32 3/8 3/8 Flat
1/8 3/8 1/2 Flat
Figure 1—Groove Weld Test Assembly for Radiographic Test ‘




AWS A5.19 92 EE D7842L5 0500770 448 EN

8.4 Bead-on-Plate Weld Test for Usability of
Welding Rods

8.4.1 The testassembly shall consist of a sheet or plate
approximately 6 in. (150 mm) by 12 in. (300 mm) on
which a weld shall be made as specified in 8.4.2, using
base metal of the type specified in Table 3. Examination
of the assembly shall be as specified in Section 11, Bead-
On-Plate Test.

8.4.2 Welding of the assembly shall be done in the flat
position with the gas tungsten arc welding process em-
ploying alternating current and argon gas shielding. The
base metal thickness and the welding current shall be
compatible with that with which the rod being tested
normally is used.

8.4.3 The completed weld beads shall be examined
with the unaided eye (except for correction to normal
vision) and shall meet the requirements specified in
Section 11, Bead-On-Plate Test.

8.4.4 A welding rod meeting the bead-on-plate test
requirements using gas tungsten arc welding is also suit-
able for use with the oxyfuel gas and the plasma arc
welding processes.

9. Chemical Analysis

9.1 A sample of the filler metal, or the stock from which
it is made, shall be prepared for chemical analysis.

9.2 The sample shall be analyzed by accepted analytical
methods. The referee method shall be ASTM E35, Stan-
dard Test Methods for Chemical Analysis of Magnesium
and Magnesium Alloys.

9.3 Theresultsof the analysis shall meet the requirements
of Table 1 for the classification of electrode or rod under
test.

10. Radiographic Test

10.1 The groove weld described in 8.3 and shown in
Figure 1 shall be radiographed to evaluate the soundness
of the weld metal and to determine the usability of the
electrode. In preparation for radiography, the backing
shall be removed and both surfaces of the weld shall be
machined or ground smooth. Both surfaces of the test
assembly, in the area of the weld, shall be smooth enough
to avoid difficulty in interpreting the radiograph.

10.2 The weld shall be radiographed in accordance with
ASTM E142, Standard Method for Controlling Quality of
Radiographic Testing. The quality level of inspection
shall be 2-2T.

Copyright by the American Welding Society Inc
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10.3 The soundness of the weld metal and the usability of
the electrode meet the requirements of this specification
if the radiograph shows the following:

(1) No cracks, no incomplete fusion, and no incom-
plete penetration

(2) No rounded indications in excess of those permit-
ted by the radiographic standards in Figures 2 and 3

In evaluating the radiograph, the center 6 in. (150 mm)
of the weld shall be considered, and all extra weld shall be
disregarded.

10.3.1 A rounded indication is an indication on the
radiograph whose length is no more than three times its
width. Rounded indications may be circular, elliptical,
conical, or irregular in shape and they may have tails. The
size of the rounded indication is the largest dimension of
the indication, including any tail that may be present.
Indications whose largest dimension does notexceed 1/64
in. (0.4 mm) shall be disregarded. Test assemblies with
indications larger than the large indications permitted in
the radiographic standards do not meet the requirements
of this specification. '

10.4 Anelectrode whose groove weld meets these radio-
graphic requirements may also be classified as a welding
rod under this specification without conducting the test
specified in 8.4.

11. Bead-on-Plate Test

11.1 Welding rod tested in accordance with 8.4 shall
produce weld metal that flows freely and uniformly
without sputtering or other irregularities. The resultant
weld bead shall be smooth and uniform with no visible
evidence of cracks or porosity.

11.2 If a filler metal meets the weld bead test require-
ments when tested as a welding rod, it also shall be tested
as an electrode for classification as an electrode.

Part C
Manufacture, Identification,
and Packaging

12. Method of Manufacture

The electrodes and rods classified according to this
specification may be manufactured by any method that
will produce material that meets the requirements of this
specification.
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(A) RADIOGRAPHIC ACCEPTANCE STANDARD FOR 3/16 in. (4.8 mm)
AND 1/4 in. (6.4 mm) THICK TEST ASSEMBLY

ASSORTED

SMALL

(B) RADIOGRAPHIC ACCEPTANCE STANDARD FOR 3/8 in. (9.6 mm) THICK TEST ASSEMBLY

Notes:
1. In using these standards, the chart that is most representative of the size of the rounded indications present in the test specimen

radiograph shall be used for determining conformance to these radiographic standards.
2. Indications which do not exceed 1/64 in. (0.4 mm) diameter or length, or both, shall be disregarded.

Figure 2—Radiographic Acceptance Standards for
Test Assemblies—Overhead Welding Position

13. Standard Sizes

Standard sizes for filler metal in the different package
forms of straight lengths and spools are as shown in
Table 4.

14. Finish and Uniformity

14.1 Allfiller metal shall have a smooth finish thatis free
from slivers, depressions, scratches, scale, seams, laps,
and foreign matter that would adversely affect the welding
characteristics, the operation of the welding equipment, or
the properties of the weld metal.
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14.2 Each continuous length of filler metal shall be from
a single lot of material, and welds shall have been made
so as not to interfere with the uniform, uninterrupted
feeding of the filler metal on automatic and semiautomatic
equipment.

15. Standard Package Forms

15.1 Standard package forms are straight lengths and
spools. Standard package dimensions and weights for
each form are given in Table 5. Package forms, sizes, and
weights other than these shall be as agreed between
purchaser and supplier.
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Notes:

Table 4
Standard Sizes®
Diameter Tolerance
Package Form in. mm in. mm

1/16  (0.062) 1.6
332 (0.094) 2.4

Straight lengths® 1/8  (0.125) 3.2 } +0.007 0.18
532 (0.156) 4.0
316 (0.187) 4.8

0.040 1.0
364 (0.047) 12

Spools® 1/16  (0.062) 16 {+o.oo3 0.08
332 (0.094) 2.4 (|-0004 0.10

1/8 (0.125) 3.2

Notes:

a. Dimensions, tolerances, and package forms other than those shown
shall be as agreed by purchaser and supplier.

b. Length shall be 36 in., +0, -1/2 in. (approximately 900 +20 mm).

<. Diameters greater than 1/16 in. (1.6 mm) are available only on 12 in.
(300 mm) and 13-1/2 in. (340 mm) spools.

L [
® ° ®
ASSORTED
[ ] ®
] ¢ °
LARGE
. ¢ b o ¢ 'y .
° Y .
MEDIUM
SMALL

1. In using these standards, the chart that is most representative of the size of the rounded indications present in the radiograph
shall be used for determining conformance to this radiographic standard.
2. Indications that do not exceed 1/64 in. (0.4 mm) diameter or length shall be disregarded.

Figure 3—Radiographic Acceptance Standard for Test Assemblies—Flat Welding Position

Table 5

Standard Packages, Dimensions,
and Weights

Nominal Net Weight

Package Form* Ib. kg
1 0.45
Straight Lengths® 5 23
50 23
Spools*
in. mm
4 100 3/4 034
8 200 3 135
12 300 10 45
13-1/2 340 20 9.0
Notes:

a. Filler metal diameters for all forms are given in Table 4.
b. No more than one classification or size shall be included in each unit

package.

c. Dimensions of standard spools are shown in Figures 4, 5 and 6.
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15.2 Dimensions of the standard spool sizes shall be as
shown in Figures 4, 5, and 6. Spools shall be designed and
constructed to prevent distortion of the filler metal during
normal handling and use and shall be clean and dry enough
to maintain the cleanliness of the filler metal. Spools shall
electrically insulate the filler metal from the spindle.

16. Winding Requirements

16.1 Filler metal on spools shall be wound so that kinks,
waves, sharp bends, overlapping, or wedging are not
encountered, leaving the filler metal free to unwind
without restriction. The outside end of the filler metal (the
end with which welding is to begin) shall be identified so
it can be located readily and shall be fastened to avoid
unwinding.

16.2 Theoutermostlayerof spooled electrode orrod shall
not be closer than 1/8 in. (3 mm) to the outside diameter
of the flanges.

16.3 The cast and helix of filler metal on spools shall be
such that the filler metal will feed in an uninterrupted
manner in automatic and semiautomatic equipment.

17. Filler Metal Identification

17.1 The product information and the precautionary
information required in Section 19, Marking of Pack-
ages, for marking each package shall also appear on each
spool.

17.2 Spoolsshall have the information securely affixed in
a promincnt location on the outside of at least one flange
of the spool.

18. Packaging

Filler metal shall be suitably packaged to ensure against
damage during shipment and storage under normal
conditions.

19. Marking of Packages

19.1 The following product information (as a minimum)
shall be legibly marked so as to be visible from the outside
of each unit package:

(1) AWS specification and classification designation
(year of issue may be excluded)

(2) Supplier’s name and trade designation

(3) Size and net weight

(4) Lot, control, or heat number

19.2 The following precautionary information (as a min-
imum) shall be predominantly displayed in legible print
on all packages of welding material, including individual
unit packages enclosed within a larger package:

WARNING
» Protect yourselfand others. Read and understand this
information. FUMES AND GASES can be danger-
ous to your hcalth. ARC RAYS can injure eyes and
burn skin. HEAT RAYS can injure eyes and burn
skin. ELECTRIC SHOCK can kill.

» Before use, read and understand the manufacturer’s
instructions, Material Safety Data Sheets (MSDSs),
and your employer’s safety practices.

» Keep your head out of the fumcs.

+ Use cnough ventilation, exhaust at the arc or flame,
or both, ta keep fumes and gases away from your
breathing zone and the general area.

* Wear correct eye, ear, and body protection.

» Do not touch live electrical parts.

« See American National Standard Z49.1, Safety in
Welding and Cutting, published by the American
Welding Society, 550 N.W. LeJeune Road, P.O. Box
351040, Miami, Florida 33135; OSHA Safety and
Health Standards, 29 CFR 1910, available from the
U.S. Government Printing Office, Washington, DC
20402.

DO NOT REMOVE THIS INFORMATION

Copyright by the American Welding Society Inc
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0.630 + 0.005. - 0 ——

Notes:

a. All dimensions are in inches.

b. Dimension B, outside diameter of barrel, shall be such as to permit proper feeding of the filler metals.

c. Dimension C, inside diameter of barrel. shall be such that swelling of the barrel or misalignment of the barrel and flanges will not
result in the inside diameter of the barrel being less than the inside diameter of the flanges.

S| EQUIVALENTS

m. mm
0.005 0.13
1/32 0.8
0.630 16
1-3/4 44

4 100

D
AR

k— 1-8/4 + 1/32 ——>]
g % !
NN N \ N
{
— ce 4 MAX
o t
s y
2 %

SECTION A-A

Figure 4—Dimensions of 4 in. (100 mm) Diameter Spool
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A C
+0
. 16 116
B -
I (SEE NOTE b) E E
I
_ e \\\\ -
/, N - /:
- - D
7'/ -
1-3/4 + 1/64 f A
THESE HOLES ﬁ 2 |
NEED NOT BE -
. ION A-
S| EQUIVALENTS IN LINE SECTION A-A
in. mm 2_1/321’2)/16
1/64 0.4
1/32 0.8
116 1.6
7/16 11
1-3/4 44 Dimensions
2-1/32 52 Spool Size C D, max
2-5/32 55 - ‘ -
4 102 in. in. in.
8 200 8 2-5/32 £ 1/32 8
| 12 300 12 4+1/16 12
Notes:
a. All dimensions are in inches.
‘ b. Dimension B, outside diameter of barrel, shall be such as to permit proper feeding of the filler metais.

Figure S—Dimensions of 8 and 12 in. (200 and 300 mm) Diameter Spools
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+0
A~ 718 _ 416 e 5-1/8+ 1/16 ] .

+1/16
2-1/82 " §

1-3/16
—H [ t1/18

l |

T
N
N

|
) N RN
—""1
L
l

\ 1-3/4 + 1/64 JI‘
? 5+ 1/32 . -
+0 _L g )
131727 ;7
gy / /ﬁ/f " ///
L7+ 1/32
£ 5
THESE HOLES NEED
A ~—- SI EQUIVALENTS NOT BE IN LINE
S L SECTION A-A
NOTE: ALL DIMENSIONS ARE IN INCHES. 1/64 0.4
1/32 0.8
1/16 16
7/16 11
1-3/16 30
2-1/32 52
5 128
5-1/8 130
7 179
13-1/8 340

Figure 6—Dimensions of 13-1/2 in. (340 mm) Diameter Spool
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Appendix

Guide to AWS Specification for
Magnesium Alloy Welding Electrodes and Rods

(This Appendix is nota part of ANSI/AWS A5.19-92, Specification for Magnesium Alloy Welding Electrodes and Rods,

but is included for information only.)

Al. Introduction

The purposc of this guide is to correlate the filler metal
classifications with their intended applications so the
specification can be used effectively, Appropriate base
metal specifications are referred to whenever that can be
done and when it would be helpful. Such references are
intended only as examples rather than completc listings of
the base metals for which each filler metal is suitablec.

A2. Classification System

A2.1 Thewelding electrodes and rods are classified upon
the basis of the chemical composition. The alloys are
designaicd by the same standard system used for base
metals. That consists of a combination letter-number
system composed of three parts. The first part indicates the
two principal alloying elements by code letters arranged
in order of decreasing percentage. The second part indi-
cates the percentages of the two principal alloying ele-
ments inthe same order as the code letters. The percentages
are rounded to the nearest whole number. The third part is
an assigned letter to distinguish different alloys with the
same percentages of the two principal alloying elements.

A2.2 Aletter prefix designates usability of the filler metal.
The letter system for identifying the filler metal classifi-
cations in this specification follows the standard pattern
used in other AWS filler metal specifications, The prefix
“E” indicates the filler metal is suitable for use as an
electrode and the prefix “R” indicates suitability as weld-
ing rod. Since some of these filler metals are used as
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electrodes in gas metal arc welding, and as welding rods
in oxyfuel gas, gas tungsten arc, and plasma arc welding,
both letters, “ER”, are used to indicate suitability as an
electrode or a rod.

A3. Acceptance

Acceptance of all welding materials classificd under
this specification is in accordance with ANSI/AWS AS5.01,
Filler Metal Procurement Guidelines, as the specification
states. Any testing a purchaser requires of the supplier, for
material shipped in accordance with this specification,
needs to be clearly stated in the purchase order, according
to the provisions of ANSI/AWS AS5.01. In the absence of
any such statement in the purchasc order, the supplier may
ship (he material with whatever testing the supplier nor-
mally conducts on material of that classification, as
specificd in Schedule F, Table 1, of ANSI/AWS AS.01.
Testing in accordance with any other Schedule in that
Table must be specifically required by the purchase order.
In such cases, acceptance of the material shipped will be
in accordance with those requirements,

Ad. Certification

The act of placing the AWS specification and classifi-
cation designations on the packaging enclosing the prod-
uct or the classification on the product itself, constitutes
the supplier’s (manufacturer’s) certification that the prod-
uct meets all of the requirements of the specification.
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The only testing requirement implicit in this certifica-
tion is that the manufacturer has actually conducted the
tests required by the specification on material that is
representative of that being shipped and that the material
met the requirements of the specification. Representative
material, in this case, is material from any production run
of that classification using the same formulation. “Certi-
fication” is not to be construed to mean that tests of any
kind were necessarily conducted on samples of the spe-
cific material shipped. Tests on such material may or may
not have been made. The basis for the certification re-
quired by the specification is the classification test of
“representative material” cited above and the “Manufac-
turer’s Quality Assurance Program”in ANS/AWS A5.01.

AS. Ventilation During Welding

A5.1 Five major factors govern the quantity of fumes in
the atmosphere to which welders and welding operators
are exposed during welding:

(1) Dimensions of the space in which welding is done
(with special regard to the height of the ceiling)

(2) Number of welders and welding operators working
in that space

(3) Rate of evolution of fumes, gases, or dust, accord-
ing to the materials and processes used

(4) The proximity of the weldcrs or welding operators
to the fumes as these fumes issue from the welding zone,
and to the gases and dusts in the space in which they are
working

(5) The ventilation provided to the space in which the
welding is done

AS5.2 ANSI/ASC Z49.1, Safety in Welding and Cutting,
published by the American Welding Socicty, discusses
the ventilation that is required during welding and should
be referred to for details. Attention is drawn particularly
to the section covering ventilation and confined spaces.

A6. Welding Considerations

A6.1 Gas tungsten arc and gas metal arc welding are the
most commonly used processes for welding magnesium
alloys. Plasma arc welding is also suitable for magnesium
alloys. Oxyfuel gas welding should be used only for
temporary repair work, when suitable arc welding equip-
ment is not available.

A6.2 Magnesium alloys are welded by the gas tungsten
arc welding (GTAW) process using techniques and equip-
ment similar to those used for aluminum. Argon, helium,
ormixtures of these gases are used for shielding. Alternat-
ing current is preferred because of a combination of good
arc cleaning action and good joint penetration, although

direct current is also used. Direct current with the elec-
trode positive provides excellent cleaning action but is
limited to thin base metal. Direct current with the elec-
trode negative is sometimes used for mechanized welding
with helium shielding gas to provide deep joint penetra-
tion. GTAW is generally recommended for the welding of
magnesium alloy castings. Welding is usually limited to
the repair of defects in clean castings.

A6.3 The basic principles for gas metal arc welding
(GMAW) of magnesium alloys are the same as for other
base metals. The higher filler metal deposition rate of this
process reduces the welding time, thereby reducing weld
distortion and fabrication costs. Argonis generally used as
a shielding gas; occasionally mixtures of argon and heli-
um are used. Pulsed GMAW and short circuit GMAW are
both used for magnesium alloys. Higher welding current,
to produce spray transfer of the filler metal without
pulsing, is also used. Globular transfer is not suitable.

A7. Description and Use of
Magnesium Alloy Electrodes
and Rods

A7.1 The weldability of most magnesium alloys is good
when the proper filler metal is employed. A filler metal
with a lower melting point and a wider freezing range than
the base metal will provide good weldability and mini-
mize weld cracking. AZ61A or AZ92A filler metals may
be used to weld base metals of similar composition and
also ZK21A base mctal.

AZ61A filler metal is generally preferred for welding
wrought base metals of those alloys because of lower
cracking tendency. However, welds made in cast Mg-Al-
Zn and AM100A base metals with AZ92A filler metal
show less crack sensitivity. The weld metal will respond
to the precipitation heat treatments normally applicd to
repaired castings. AZ101A filler metal may also be used
to weld those cast base metals. EZ33A filler metal is used
toweld wrought and cast basc metals designed forelevated-
temperature service; however, this filler metal should not
be used for welding aluminum-bearing magnesium alloys
because of severe weld cracking problems, Whenno other
filler metal is available, most base metals may be welded
with strips cut from the base metal.

A7.2 Additional information on filler metals suitablc for
welding specific base metals and combinations of base
metalsisgivenin Table Al. Cast hase metals are generally
welded with filler metal of the same or similar composi-
tion. When such filler metals are not available, the com-
mercially available filler metals listed herc may be used,
but with the possibility of some disadvantage in weld
properties. If it is desired to weld other combinations than
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those listed in Table A1, they should be evaluated as to
suitability for the purpose intended. The base metal
combinations listed will be suitable for most environ-
ments; some are preferable from one or more standpoints.
In the absence of specific information, consultation with
the filler metal or base metal supplier is recommended.

A7.3 Proper storage of welding rods and electrodes is
essential to avoid contamination, which may affect their
performance. Packages of filler metal should not be left
outdoors or in unheated buildings, because the greater
variations in temperature and humidity incrcase the pos-
sibility of condensation to create hydrated oxides. Expe-
rience has demonstrated that undesirable storage conditions
may adversely affect filler metal performance.

A7.4 The possibility of ignition when welding magne-
sium alloys in thicknesses greater than 0.01 in. is very
remote. Magnesium alloy will not ignite in air until it is at
fusion temperature. Then, sustained burning will occur
only if the ignition temperature is maintained. Inert gas
shielding during welding prevents ignition of the weld
pool.

Magnesium fires usually occur with accumulations of
grinding dust or machining chips. Accumulations of
grinding dust on clothing should be avoided. Graphite-
base or salt-base powders, recommended for extinguish-
ing magnesium fires, should be conveniently located in
the work area. If large amounts of fine powders are
produced, they should be collected in a waterwash- type
dust collector designed for use with magnesium. Special
precautions pertaining to the handling of wet magnesium
fines must be followed.

AS8. Special Tests

This specification classifies those magnesium alloy
filler metals used most extensively at the time of issuance
of the specification. It is recognized that supplementary
tests may be necessary to determine the suitability of these
welding clectrodes and rods for applications involving
properties not considered in this specification. In such
cases, additional tests to determine such specific proper-
tics as corrosion resistance, mechanical properties at high
and low temperature, wear resistance, and suitability for
welding combinations of dissimilar metals may need to be
conducted.

A9. General Safety Considerations

A9.1 Burn Protection. Molten metal, sparks, slag, and
hot work surfaces are produced by welding, cutting, and
allied processes. These can cause burns if precautionary
measures are not used.

Workers should wear protective clothing made of fire
resistant material. Pant cuffs, open pockets, or other
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places on clothing that can catch and retain molten metal
or sparks should not be worn. High-top shoes or leather
leggings and fire-resistant gioves should be worn. Pant
legs should be worn over the outside of high-top shoes.
Helmets or hand shields that provide protection for the
face, neck, and ears, and a head covering to protect the
head should be used. In addition, appropriate eye protec-
tion should be used.

When welding overhead or in confined spaces, car
plugs to prevent weld spatter from entering the ear canal
should be worn in combination with goggles, or equiva-
lent, to give added eye protection. Clothin gshouldbe kept
free of grease and oil. Combustible materials should not
be carried in pockets. If any combustible substance has
been spilled on clothing, a change to clean, fite-resistant
clothing should be made before working with open arcs or
flame. Aprons, cape-sleeves, leggings, and shoulder
covers with bibs designed for welding service should be
used.

Where welding or cutting of unusually thick base metal
is involved, sheet metal shields should be used for extra
protection. Mechanization of highly hazardous processes
or jobs should be considered. Other personnel in the work
area should be protected by the use of noncombustible
screens ‘or by the use of appropriate protection as de-
scribed in the previous paragraph.

Before leaving a work area, hot workpieces should be
marked to alert other persons of this hazard. No attempt
should be made to repair or disconnect electrical equip-
ment when it is under load. Disconnection under load
produces arcing of the contacts and may cause burns or
shock, orboth. (Note: Burns can be caused by touching hot
equipment such as electrode holders, tips, and nozzles.
Therefore, insulated gloves should be worn when these
items are handled, unless an adequate cooling period has
been allowed before touching.)

The following sources are for more detailed informa-
tion on personal protection:

(1) ANSI/ASC Z41.1, Safety-Toe Footwear, Ameri-
can National Standards Institute, 11 West 42nd Street,
13th Floor, New York, NY 10036.

(2) ANSI/ASCZ49.1, Safety in Welding and C witing,
published by the American Welding Society, 550 N. W.
Leleune Road, P. O. Box 351040, Miami, FL 33135.

(3) ANSI/ASC 787.1, Practice for Occupational and
Educational Eye and Face Protection, American Nation-
al Standards Institute.

(4) CodeofFederal Regulations, Title 29 Labor, Chap-
ter XVII, Part 1910, OSHA General Industry Standards
available from the U. S. Government Printing Office,
Washington, DC 20402.

A9.2 Electrical Hazards. Electric shock can kill. How-
ever, it can be avoided. Live electrical parts should not be
touched. The manufacturer’s instructions and recom-
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Table At
Guide to the Choice of Filler Metal for General Purpose Welding .
Base Mctal
AMI100A AZ10A AZ31B AZG1A AZ63A AZ8OA AZ8IA AZO1C AZ92A EK41A EZ33A HK31A
AZ31C
Base Metal Filier Metal*®
AMI00A AZ101A
AZRA
AZI10A AZR2A {AZGIA
AZ92A
AZ31B AZ92A {AZ61A AZO61A
AZ31C AZ92A AZ92A
AZ61A AZ92A {AZ61A AZ61A AZ61A
AZO92A AZ92A AZO2A
AZ63A c c [ [ AZI101A
AZ92A
AZBOA AZ2A JAZ61A AZ61A AZ61A c AZ61A
AZ92A AZ92A AZ92A AZI2A
AZ81A AZ92A AZI2A AZ92A AZI2A c AZ92A |AZ101A
AZ92A
AZ91C AZ2A AZ92A AZ92A AZ92A c AZG2A AZ92A |AZ101A
AZ92A
AZ92A AZ92A AZ92A AZI2A AZI2A [+ AZI2A AZ9ZA AZI2A AZI01A
EK41A AZ92A AZ92A AZ92A AZ9ZA c AZ92A AZ92A AZ92A AZ92A EZ33A
EZ33A AZ92A AZ92A AZ92A AZI2A [ AZO2A AZ92A AZ92A AZ92A EZ33A EZ33A
HK31A AZ92A AZ2A AZI2A AZI2A c AZ9ZA AZ92A AZ92ZA AZS2A EZ33A EZ33A [EZ33A '
HM21A AZ92A AZRA AZI2A AZI2A [ AZ92A AZ92A AZ92A AZ92A EZ33A EZ33A EZ33A
HM31A AZ92A AZ92A AZI2A AZIR2A c AZ92A AZ92A AZ92A AZ92A EZ33A EZ33A EZ33A
HZ32A AZI2A AZ92A AZ92A AZI2A c AZ92A AZ92A AZ92A AZ92A EZ33A EZ33A EZ33A
K1A AZ92A AZ92A AZ92A AZGZA c AZ92A AZ92A AZ92A AZ92A TEZ33A EZ33A EZ33A
LA141A d d EZ33A [ c c c c c d d d
MlA} AZRA {AZGlA AZ61A AZGIA} c {AZ61A}A292A AZ2A AZIA AZRNA AZ92A AZ92A
MG1 AZ92A AZI2A AZI2A AZ92A
QE22A d d AZ92A d c d d d d EZ33A EZ33A EZ33A
ZE10A A7Z92A {AZ61A AZ61A AZ61A} c {AZ61A}AZ92A AZ92A AZ92A {EZSSA EZ33A EZ33A
AZ92A AZ92A AZ9ZA AZ92A AZ92A AZ92A AZ92A
ZE41A d d d d c d d d d EZ33A EZ33A EZ33A
ZK21A AZI2A {AZGIA AZ61A AZ61A} c {AZGIA}AZ92A AZ92A AZ92A AZI2A AZ9I2ZA AZS2A
AZ92A AZ9I2A AZ9I2A AZ92A
ZH62A
ZKS1A c c c c c c c [ c c c c
ZK60A
ZK61A
(continued)
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Table A1 (continued)
Base Metal
ZHG62A
ZK51A
MIA ZK60A
HM21A HM31A HZ32A KI1A [LA141A MG1 QF22A ZE10A ZE41A ZK21A ZK61A
Base Metal Filler Metal*®
HM21A EZ33A
HM31A EZ33A EZ33A
HZ32A EZ33A EZ33A
K1A EZ33A EZ33A EZ33A EZ33A
LAl141A EZ33A d d d EZ33A
MIA} AZ92A AZ92A AZ92A AZ92A d { AZ61A
MG1 AZ92A
QE22A EZ33A EZ33A EZ33A EZ33A FEZ33A c EZ33A
ZE10A {EZSBA EZ33A EZ33A EZ33A} EZ33A {AZélA EZ33A AZ61A
AZ92A AZ92A AZ92A AZ9A AZ92A AZ92A AZRA
ZE41A EZ33A EZ33A EZ33A EZ33A d EZ33A d EZ33A
ZK21A AZ92A AZO92A AZRNA AZI2A d {AZ61A}AZQ2A {AZ61A}A292A {AZ61A
AZ92A AZ92A AZ92A
ZH62A
ZK51A c c c 4 c c c c C EZ33A
ZK60A
ZK61A
Notes:

a. When more than one filler metal is given, they are listed in order of preference.
b. The letter prefix (ER or R), designating usability of the filler metal, has been deleted, to reduce clutter in the table.

c. Welding not recommended.
d. No data available.

mended safe practices should be read and understood.
Faulty installation, improper grounding, and incorrect
operation and maintenance of electrical equipment are all
sources of danger.

All electrical equipment and the workpieces should be
grounded. The workpiece lead is not a ground lead. It is
used only to complete the welding circuit. A separate
connection is required to ground the workpiece. The
workpiece should notbe mistaken fora ground connection.

The correct cable size should be used, since sustained
overloading will cause cable failure and result in possible
electrical shock or fire hazard. All electrical connections
should be tight, clean, and dry. Poor connections can
overheatandeven melt, Further, they can produce danger-
ous arcs and sparks. Water, grease, or dirt should not be
allowed to accumulate on plugs, sockets, orelectrical units.

Moisture can conduct electricity, To prevent shock, the
work arca, equipment, and clothing should be kept dry at
all times. Welders should wear dry gloves and rubber
soled shoes, or stand on a dry board or insulated platform.
Cables and connections should be kept in good condition.
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Improper or worn electrical connections may create
conditions that could cause electrical shock or short
circuits. Worn, damaged, or bare cablcs should not be
used.

Open circuit voltage should be avoided. When scveral
welders are working with arcs of different polarities, or
when a number of alternating current machines are being
used, the open circuit voltages can be additive. The added
voltages increasc the severity of the shock hazard.

Incase of electric shock, the power should be turned off,
Ifthe rescuer must resort to pulling the victim from the live
contact, nonconducting materials should be used. If the
victim is not breathing, cardiopulmonary resuscitation
(CPR) should be administered as soon as contact with the
electrical source is broken. A physician should be called
and CPR continued until breathing has been restored, or
until a physician has arrived. Electrical burns are treated
as thermal burns; that is, clean, cold (iced) compresses
should be applied. Contamination should be avoided:; the
area should be covered with a clean, dry dressing; and the
patient should be transported to medical assistance.
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Recognized safety standardssuch as ANSI/ASCZ49.1,
Safety in Welding and Cutting, and the National Electrical
Code and NFPA No. 70, available from National Fire
Protection Association, Batterymarch Park, Quincy, MA
02269, should be followed.

A9.3 Fumes and Gases. Many welding, cutting, and
allied processes produce fumes and gases which may be
harmful to health. Fumes are solid particles which origi-
nate from welding filler metals and fluxes, the base metal,
and any coatings present on the base metal. Gases are
produced during the welding process or may be produced
by the effects of process radiation on the surrounding
environment. Management personnel and welders alike
should be aware of the effects of these fumes and gases.
The amount and composition of these fumes and gases
depend upon the composition of the filler metal and base
metal, welding process, currentlevel, arc length, and other
factors.

The possible effects of over-exposure range from irti-
tation of eyes, skin, and respiratory system to more severe
complications. Effects may occur immediately or at some
later time. Fumes can cause symptoms such as nausea,
headaches, dizziness, and metal fume fever. The possibil-
ity of more serious health effects exists when especially
toxic materials are involved. In confined spaces, the
shielding gases and fumes might displace breathing air
and cause asphyxiation.

One’s head should always be kept out of the fumes.
Sufficient ventilation, exhaust at the arc, or both, should
be used to keep fumes and gases from your breathing zone
and the general area.

In some cases, natural air movement will provide
enough ventilation. Where ventilation may.be question-
able, air sampling should be used to determine if correc-
tive measures should be applied.

More detailed information on fumes and gases pro-
duced by the various welding processes may be found in
the following publications:

(1) Thepermissible exposure limits required by OSHA
can be found in CFR Title 29, Chapter XVII Part 1910.

(2) The recommended threshold limit values for these
fumes and gases may be found in Threshold Limit Values
for Chemical Substances and Physical Agents in the
Workroom Environment, published by the American Con-
ference of Governmental Industrial Hygienists (ACGIH),
6550 Glenway Avenue, Building D-5, Cincinnati, OH
45211.

(3) The results of an AWS-funded study are available
in a report entitled, Fumes and Gases in the Welding
Environment,available from the American Welding Society.

A9.4 Radiation. Welding, cutting, and allied operations
may produce radiant energy (radiation) harmful to health.
One should become acquainted with the effects of this
radiant energy.
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Radiant energy may be ionizing (such as x-rays), or
non-ionizing (such as ultraviolet, visible light, or infra-
red). Radiation can produce a variety of effects such as
skin burns and eye damage, depending on the radiant
energy’s wavelength and intensity, if excessive exposure
occurs.

A9.4.1 Ionizing Radiation. lonizing radiation is pro-
duced by the electron beam welding process. Itis ordinari-
ly controlled within acceptance limits by use of suitable
shielding enclosing the welding area.

A9Y.4.2 Non-Ionizing Radiation. The intensity and
wavelengths of non-ionizing radiant energy produced
depend on many factors, such as the process, welding
parameters, electrode and base metal composition, fluxes,
and any coating or plating on the base metal. Some
processes such as resistance welding and cold pressure
welding ordinarily produce negligible quantities of radi-
ant energy. However, most arc welding and cutting pro-
cesses (except submerged arc when used propetly), laser
welding and torch welding, cutting, brazing, or soldering
can produce quantitics of non-ionizing radiation such that
precautionary measures are necessary.

Protection from possible harmful effects caused by
non-ionizing radiant energy from welding include the
following measures:

(1) Oneshouldnotlook at welding arcs except through
welding filter plates which meet the requirements of
ANSI/ASCZ87.1, Practice for Occupational and Educa-
tional Eye and Face Protection, published by American
National Standards Institute. It should be noted that
transparent welding curtains are not intended as welding
filter plates, but rather are intended to protect a passerby
from incidental exposure.

(2) Exposed skin should be protected with adequate
gloves and clothing as specified in ANSIASC Z49.1,
Safety in Welding and Cutting, published by American
Welding Society.

(3) Reflections from welding arcs should be avoided,
and all personnel should be protected from intense reflec-
tions. (Note: Paints using pigments of substantially zinc
oxide or titanium dioxide have a lower reflectance for
ultraviolet radiation.)

(4) Screens, curtains, or adequate distance from aisles,
walkways, etc., should be used to avoid exposing passers-
by to welding operations.

(5) Safety glasses with UV protectiveside shieldshave
been shown to provide some beneficial protection from
ultraviolet radiation produced by welding arcs.

A9.4.3 Ionizing radiation information sources include
the following:

(1) ANSI/AWS F2.1, Recommended Safe Practices
for Electron Beam Welding and Cutting, available from
the American Welding Society.
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(2) Manufacturer’s product information literature.

A9.4.4 The following include non-ionizing radiation
information sources:

(1) AmericanNational Standards Institute. ANSI/ASC
Z136.1, Safe Use of Lasers. New York: American Nation-
al Standard Institute.

(2) ———— ANSI/ASCZ87.1, Practice for occupa-
tional and educational eye and face protection. New
York: National Standards Institute.

(3) American Welding Society. ANSI/ASC Z49.1,
Safety in welding and cutting. Miami, FL: American
Welding Society.

(4) Hinrichs, J. F. “Project committee on radiation-
summary report.” Welding Journal, January 1978.

(5) Moss, C. E. “Optical radiation transmission levels
through transparent welding curtains.” Welding Journal,
March 1979.
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(6) Moss, C. E. and Murray, W. E. “Optical radiation
levels produced in gas welding, torch brazing, and oxygen
cutting.” Welding Journal, September 1979.

(7) National Technical Information Service. Non-ion-
izing radiation protection special study no. 42-0053-77,
evaluation of the potential hazards from actinic ultravio-
let radiation generated by electric welding and cutting
arcs. Springfield, VA: National Technical Information
Service. ADA-033768.

(8) ————. Non-ionizing radiation protection spe-
cial study No. 42-0312-77, evaluation of the potential
retina hazards from optical radiation generated by elec-
trical welding and cutting arcs. Springfield, VA: National
Technical Information Service. ADA-043023.

(9) “Optical radiation levels produced by air-carbon
arc cutting processes.” Welding Journal, March 1980.
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AWS Filler Metal Specifications and Related Documents

® .

Designation

Title

FMC

Filler Metal Comparison Charts

Ad4.2

Standard Procedures for Calibrating Magnetic Instruments to Measure the Delta Ferrite
Content of Austenitic and Duplex Austenitic-Ferritic Stainless Steel Weld Metal

A43

Standard Methods for Determination of the Diffusible Hydrogen Content of Martensitic,
Bainitic, and Ferritic Steel Weld Metal Produced by Arc Welding

A5.01

Filler Metal Procurement Guidelines

A5.1

Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding

A5.2

Specification for Carbon and Low Alloy Steel Rods for Oxyfuel Gas Welding

A5.3

Specification for Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding

A5.4

Specification for Stainless Steel Welding Electrodes for Shielded Metal Arc Welding

A5.5

Specification for Low Alloy Steel Covered Arc Welding Electrodes

A5.6

Specification for Covered Copper and Copper Alloy Arc Welding Electrodes

A57

Specification for Copper and Copper Alloy Bare Welding Rods and Electrodes

A5.8

Specification for Filler Metals for Brazing and Braze Welding

Ab.9

Specification for Bare Stainless Steel Welding Electrodes and Rods

A5.10

Specification for Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

A5.11

Specification for Nickel and Nickel Alloy Welding Electrodes for Shielded Metal ArcWelding

A5.12

Specification for Tungsten and Tungsten Alloy Electrodes for Arc Welding and Cutting

Specification for Solid Surfacing Welding Rods and Electrodes

A5.13
Ab5.14

Specification for Nickel and Nickel Alloy Bare Welding Electrodes and Rods

A5.15

Specification for Welding Electrodes and Rods for Cast Iron

A5.16

Specification for Titanium and Titanium Alloy Welding Electrodes and Rods

Ab5.17

Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

A5.18

Specification for Carbon Steel Filler Metals for Gas Shielded Arc Welding

A5.19

Specification for Magnesium Alloy Welding Electrodes and Rods

A5.20

Specification for Carbon Steel Electrodes for Flux Gored Arc Welding

A5.21

Specification for Composite Surfacing Welding Rods and Electrodes

A5.22

Specification for Flux Cored Corrosion-Resisting Chromium and Chromium-Nickel Steel
Electrodes

A5.23

Specification for Low Alloy Steel Electrodes and Fluxes for Submergréd Arc Welding

A5.24

Specification for Zirconium and Zirconium Alloy Welding Electrodes and Rods

A5.25

Specification for Carbon and Low Alloy Steel Electrodes and Fluxes for Electroslag Welding

A5.26

Specification for Carbon and Low Alloy Steel Electrodes for Electrogas Welding

A5.27

Specification for Copper and Copper Alloy Rods for Oxyfuel Gas Welding

A5.28

Specification for Low Alloy Steel Filler Metals for Gas Shielded Arc Welding

A5.29

Specification for Low Alloy Steel Electrodes for Flux Cored Arc Welding

A5.30

Specification for Consumable Inserts

A5.31

Specification for Fluxes for Brazing and Braze Welding

P.O. Box 351040, Miami, Florida 33135. Phone: 1-800-334-9353.

‘ For ordering information, contact the Order Department, American Welding Society, 550 N.W. LeJeune Road,
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