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Abstract

This specification describes the composition, dimensions, soundness, and properties of weld metal from more than 20
classifications of nickel and nickel alloy covered electrodes. Major topics include general requirements, testing,
manufacturing, identification and packaging, A guide to using the specification is included in an appendix.
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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 that have been developed in accordance with the rules of the
American National Standards Institute. 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: 0-87171-348-9

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

© 1990 by American Welding Society. All rights reserved
Printed in the United States of America

Note: The primary purpose of AWS is to serve and benefit its members. To this end, AWS provides a forum for the
exchange, consideration, and discussion of idcas 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 anyone using the information it contains against any liability arising from that use. Publication of a
standard by the American Welding Society does not carry with it any right to 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.

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 considerations 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 Foreword is not a part of ANSI/ AWS AS.11-90, Specification for Nickel and Nickel Alloy Welding Electrodes
Jor Shielded Metal Arc Welding, but is included for information purposes only.)

The first specification for nickel and nickel alloy covered electrodes was issued in 1954 by a joint commiitee of the
American Society for Testing and Materials and the American Welding Society. The first revision in 1964 was also the
result of the cooperative effort. This tevision is the fourth prepared entirely by the AWS Filler Metal Commitec.

Document Development

ASTM B295-54T Tentative Specification for Nickel and Nickel Base Alloy Covered Welding Electrodes
AWS A5.11-54T

AWS AS5.11-64T Tentative Specification for Nickel and Nickel Alloy Covered Welding Electrodes
ASTM B295-64T :

AWS A5.11-69 Specification for Nickel and Nickel-Alloy Covered Welding Electrodes
ANSI W3.11-1973

AWS AS.11-Add 1-75 Addenda to Specification for Nickel and Nickel Alloy Covered Welding Electrodes

AS5.11-76 Specification for Nickel and Nickel Alloy Covered Welding Electrodes
. ANSI/AWS A5.11-83 Specification for Nickel and Nickel Alloy Covered Welding Electrodes

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
Filler Metal Committee, Ametican 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 arequest, in
writing, to the Director of Standards and Publications of the 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 Nickel and Nickel Alloy Welding
Electrodes for Shielded Metal Arc Welding

1. Scope

This specification prescribes requirements for the
classification of nickel and nickel alloy covered elec-
trodes for shielded metal arc welding. It includes those
compositions in which the nickel content exceeds that
of any other element.!

Part A
General Requirements

2. Classification

2.1 The welding electrodes covered by this specification
are classified according to the chemical composition of
their undiluted weld metal, as specified in Table 1.

2.2 Electrodes classified under one classification shall
not be classified under any other classification in this
specification.

3. Acceptance

Acceptance? of the electrodes shall be in accordance
with the provisions of ANSI/AWS A5.01, Filler Meial
Procurement Guidelines,’

L. Nickel-base covered electrodes for welding cast irons are
trcated separately in ANSI/AWS A5.15, Specification for
Welding Electrodes and Rods for Cast Iron, This specification
is available from AWS, 550 N.W, LeJeune Road, P.O. Box
351040, Miami, Florida 33135. Phone: (305) 443-9353,

2. See A3 (in the Appendix) for further information concern-
ing acceptance and testing of the material shipped, as well as
ANSI/AWS A5.01 Filler Metal Procurement Guidelines.

3. AWS standards can be obtained from the American Weld-
ing Society, 550 N.W. LeJeune Road, P.O. Box 351040, Miami,
Florida 33135,
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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
measure in this specification, The SI Units are given as
equivalent values to the U.S. Customary Units. The
standard sizes and dimensions in the two systems are not
identical, and for this reason, conversion from a stan-
dard 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 For purposes of determining conformance with this
specification, an observed or calculated value shall be
rounded to the nearest 1000 psi (7 MPa) for tensile and
yield strength, and to the “nearest unit” in the last right-
hand place of figures used in expressing the limiting
value for other quantities in accordance with the round-
ing-off method given in ANSI/ AWS Al.1, Mesric Prac-
tice Guide for the Welding Industry.

4, See A4 (in the Appendix) for further information concern-
ing certification and the testing called for to meet this
requirement.
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Part B
Tests, Procedures and Requirements

6. Summary of Tests

The tests required for classification are specified in
Table 2. The purpose of these tests is to determine the
chemical composition, the mechanical properties and
soundness of the weld metal, and the usability of the
electrode, The base metal for the weld test assemblies,
the welding and testing procedures to be employed, and
the results required are given in Section 8, Weld Test
Assemblies through Section 12, Bend Test,

7. Retest

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

8. Weld Test Assemblies

8.1 To perform all required tests as specified in Table 2,
a minimum of one weld test assembly is required. Two,
or even three, may be necessary (according to the
classification, size, and manner in which the testing is
conducted, i.e., with respect to alternative options).

The weld test assemblies are identified as follows:

(1) The weld pad in Figure 1 for chemical analysis of
the undiluted weld metal

(2) The groove weld in Figure 2 for mechanical prop-
erties and soundness

(3) The groove weld in Figure 3 for usability of the
electrode
The sample for chemical analysis may be taken from a
low dilution area in the groove weld in Figure 2, or from
the reduced section of the fractured tension test speci-
men, thereby avoiding the need to make the weld pad. Tn
case of dispute, the weld pad shall be the referce method.

8.2 Preparation of each weld test assembly shall be as
prescribed in 8.3, 8.4.1, and 8.4.2. The base metal for
each assembly shall be as required in Table 2 according
to the tests to be conducted and shall meet the require-
ments of the appropriate ASTM specification shown in
Table 3 or an equivalent specification.5 Testing of the

5. ASTM standards can be obtained from the American
Society for Testing and Materials, 1916 Race Street, Philadel-
phia, Pennsylvania 19103,
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assemblies shall be as prescribed in Section 9, Chemical
Analysis, Section 10, Radiographic Test, Section 11,
Tension Test, and Section 12, Bend Test.

8.3 Weld Pad. A weld pad shall be prepared as specified
in Table 2 and shown in Figure 1, except when one of the
alternatives in 8.1 (taking the sample from the weld metal
in the groove or from the tension test specimen) is
selected. Base metal of any convenient size, of the type
specified in Table 3, shall be used as the base for the weld
pad. The surface of the base metal on which the filler
metal is deposited shall be clean. The pad shall be welded
in the flat position with multiple beads and layers to
obtain undiluted weld metal. The type of current and
range of amperage used for welding shall be as recom-
mended by the manufacturer. The preheat temperature
shall be not less than 60°F (16°C) and the interpass
temperature shall not exceed 300°F (150°C). The slag
shall be removed after ecach pass. The pad may be
quenched in water [temperature above 60°F (16°C)]
between passes. The dimensions of the completed pad
shall be as shown in Figure 1 for each size of electrode.
Testing of this assembly shall be as specificd in Section 9,
Chemical Analysis.

8.4 Groove Weld

8.4.1 Mechanical Properties and Soundness. A test
assembly shall be prepared -and welded as specified in
Figure 2 and Table 2 using base metal of an appropriate
type in Table 3. Testing of this assembly shall be as
specified in Section 11, Tension Test and Section 12,
Bend Test, excopt when the assembly is also used to
satisfy the requirements of the usability test (note e to
Table 2). In that case, the assembly shall be radiographed
asrequired in Section 10, Radiographic Test. The assem-
bly shall be tested in the as-welded condition,

8.4.2 Usability Test. A test assembly shall be pre-
pared for electrodes of all classifications and welded as
shown in Figure 3, using base metal of the appropriate
type specified in Table 3. The welding position shall be
as specified in the “Usability Test” column of Table 2 for
the different electrode sizes and classifications. Testing of
the assembly shall be as specified in Section 10, Radio-
graphic Test. The groove weld in Figure 2 may be radio-
graphed (for those classifications for which the usability
test is welded in the flat position), thus eliminating the
need to make the groove weld in Figure 3, in those cases.

9. Chemical Analysis

9.1 The sample for analysis shall be taken from weld
metal obtained from the weld pad, the reduced secfion of
the fractured tension test specimen, or a low dilution
area of the groove weld in Figure 2. The top surface of
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Table 22
Required Tests and Positions '
Required Tests .
Electrode Diameter Positions
AWS —_— Chemical Tension Bend Usability Usability
Classification in. mmn Analysis Test Test® Test Testcd
5/64 2.0 \4
3/32 2.4 v
ENi-1 1/8 3.2 < Required > v
5/32 4,0 F
3/16 438 F
5/64 2.0 v
3/32 24 A%
. 1/8 32 . \4
ENiCu-7 5/32 40 < Required > F
3/16 4.8 F
1/4 6.4 F
ENiCrFe-1 364 20 v
ENiCrFe-2 332 24 y
. 1/8 32 < Required > v
ENiCrFe-3
ENiCrFe-4 332 40 F
3/16 4.8 F
5/64 2.0 F
ENiMo-1 3/32 2.4 F
ENiMo-3 1/8 32 < Required > F
ENiMo-7 5/32 4.0 ’ F
3/16 4.8 F
5/64 2.0 \'
. 3/32 2.4 . v
ENiCrCoMo-1 1/8 32 < Required > F
5/32 4.0 F
ENiCrMo-2
ENiCrMo-4 3/32 24 F
ENiCrMo-5 1/8 32 . F
ENiCrMo-7 5/32 40 < Required > F
ENiCrMo-9 3/16 4.8 F
ENiCrMo-11
5/64 2.0 \
ENiCrMo-3 3/32 24 \'
ENiCrMo-6 1/8 32 < Required > \'
ENiCrMo-10 5/32 4.0 F
3/16 4.8 F
5/64 2.0 A
. 3/32 24 . A
ENiCrMo-12 i ; 3 32 < Required > v
5/32 4.0 F
Notes:

a. See Table 3 for base metals to be used in these tests.
b, Three transverse side-bend test specimens are required except for 5/64 in. (2.0 mm) electrodes, For that size, two transverse face-bend specimens

are required.
¢. The groove weld for mechanical properties (Figure 2) may also be used for the usability test conducted in the flat position. In that case, the test

assembly is radiographed before the coupons for the tensile and bend test specimens are removed.
d. The position of welding shown in this column is only for the usability test (V = vertical position with uphill progression, F = flat), All other test
assemblies are welded in the flat position.

Copyright by the American Welding Society Inc
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NOTE: THE NUMBER AND SIZE OF THE BEADS WILL VARY
ACCORDING TO THE SIZE OF THE ELECTRODE AND THE
WIDTH OF THE WEAVE, AS WELL AS THE AMPERAGE
EMPLOYED.

Electrode Size Weld Pad Size
in. mm in., min, mm, min.
5/64 2.0 L=1:1/2 38
3/32 24 W=1-1/2 38
1/8 3.2 H=1/2 13
65/32 4.0 L=2 51
3/16 48 w=2 51
1/4 6.4 H=7/8 22

Figure 1 —Pad for Chemical Analysis
of Undiluted Weld Metal

the pad described in 8.3 and shown in Figure 1 (when the
pad is used), shall be removed and discarded. A sample
for analysis shall be obtained from the underlying metal
by any appropriate mechanical means. The sample shall
be free of slag,

For electrodes smaller than 5/32 in. (4.0 mm), the
sample shall be taken at least 3/8 in. (9.5 mm) from the
nearest surface of the base metal. For electrodes 5/32 in.
(4.0 mm) and larger, the sample shall be taken at least
3/4in. (19 mm) from that surface. The sample from the
reduced section of the fractured tension test specimen
and the sample from a low dilution area of the groove
weld shall be prepared for analysis by any suitable
mechanical means,

9.2 The sample shall be analyzed by accepted analytical
methods. The referee method shall be either ASTM E38,
Standard Methods for Chemical Analysis of Nickel-
Chromium and Nickel-Chromium-Iron Alloys, or E76,
Standard Methods for Chemical Analysis of Nickel-
Copper Alloys, as appropriate,

Copyright by the American Welding Society Inc
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9.3 The results of the analysis shall meet the require-
ments of Table I for the classification of electrode under
test.

10. Radiographic Test

10.1 The groove weld described in 8.4.2 and shown in
Figure 3 (or the groove weld described in 8.4.1 and
shown in Figure 2, when that is desired and is permitted
by note e of Table 2), shall be radiographed to evaluate
the usability of the electrode. In preparation for radiog-
raphy, the backing shall be removed, and both surfaces
of the weld shall be machined or ground smooth and
flush with the original surfaces of the base metal. 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.

10.3 The usability of the electrode meets the require-
ments of this specification if the radiograph shows the
following:

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

(2) No slaginclusions in excess of those permitted by
note4 to the radiographic standards in Figures 4 through
8, according to the size of the electrode

(3) No rounded indications in excess of those permit-
ted by the radiographic standards in Figures 4 through 8,
according to the thickness of the test assembly, or the
alternative method of evaluation in 10.3.1

In evaluating the radiograph, 1 in. (25 mm) of the weld
image on the radiograph on each end of the test assembly
shall be disregarded.

10.3.1 The alternative method of evaluation involves
calculation of the total area of the rounded indications as
they appear on the radiograph. This total area shall not
exceed 1% of the thickness of the test assembly multi-
plied by the length of the weld used in the evaluation
[length of the weld in the test assembly minus 1 in.
(25 mm) on cach end]. The value given in Note 3 to each
of the figures (4 through 8) has been calculated for 6 in.
(150 mm) of weld [an 8 in, (200 mm) long test assembly].
The value for weld lengths other than this will differ on a
linearly proportional basis.

, 10.3.2 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, ot irregular in shape, and they may have tails.
The size of arounded indication is the largest dimension
of the indication including any tail that may be present.

i
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MINIMUM LENGTH IS 8 in. (160 mm) BUT THE ASSEMBLY SHALL BE AS LONG AS
NECESSARY TO PROVIDE THE SPECIMENS FOR THE NUMBER AND TYPE OF
TESTS REQUIRED
Fte
Z EE
Z5 T8 2 WELD CENTERLINE
St 1= gL
cE @
0 a
¥
1 in. MIN.
- (25.4 mm MIN,)
TENSION SPECIMEN BEND SPECIMENS
(A) LAYOUT OF TEST ASSEMBLY
60°-90°
] R )
1 L
L - 1 1 *
5 in., MAX. (SEE NOTE 3)
(127 mm MAX.) i .
{B) GROOVE PREPARATION
Electrode Size T (Thickness), Min. R (Root Opening)**
- - Number of Layers,
in. mm in. mm in. mm Min.
5/64 20 3/8 9.5 3/16 4.8 b
3/32 24 1/2 13 1/4 6.4 R
1/8 3.2 1/2 13 1/4 6.4 *rx
6/32 4.0 3/4 19 1/2 13 6 !
3/16 48 3/4 19 1/2 13 6
1/4 6.4 3/4 19 1/2 13 6
*Any suitable dimension
**Tolerance + 1/16 in. (1.6 mm)
##% Number of layers not specified, but pass and layer sequence shall be recorded and reported.
Notes:

1. Base metal shail be as specified in Table 3.

2. The surfaces to be welded shall be clean.

3. Prior to welding, the assembly may be preset so that the welded joint will be sufficiently flat to facilitate removal of the test
specimens. As an alternate, restraint or a combination of restraint and presetting may be used to keep the welded joint within & degrees
of plane. A test assembly that is more than 5 degrees out of plane shall be discarded. Straightening of the test assembly is prohibited.
4, Welding shall be performed in the flat position, using the type and range of current and welding technigue recommended by the
electrode manufacturer.

5. The preheat temperature shall be 80°F {16°C) min. The interpass temperature shall not exceed 300°F (160°C).

6. The welds shall be made with stringer beads or weave beads no wider than four times the diameter of the core wire. The completed
weld shall be at least flush with the surface of the test plate. For electrodes larger than 1/8 in. (3.2 mm), the root beads may be deposited
with 3732 or 1/8 in. (2.4 or 3.2 mm) electrodes.

7. The tests shall be conducted without a postweld heat treatment.

Figure 2 — Groove Weld Test Assembly for Mechanical Properties and Soundness

Copyright by the American Welding Society Inc
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6 in. (150 mm) MIN

6 in. (160 mm) MIN.

Dimensions, in. (mm)

Electrode Size

5/64 (2.0) 3/32 (2.4) 1/8 (3.2) 5/32 (4.0) 3/16 (4.8) &1/4(6.4)

T = (Thickness) min. 1/8 (3.2) 1/4 (8.4) 3/8 (9.5) 3/8 (9.5) 1/2 (13)
X = (Root Opening) 1/8 (3.2) 1/4 (6.4) 5/16 (7.9) 3/8 (9.5) 172 (13)
¥ = (Width and Thickness) Any suitable dimensions

Tolerance: +1/16 in. (1.6 mm) -0

Notes:

1. The base metal shall be as specified in Table 3.

2. The surfaces to be welded shall be clean.

3. Welding shall be conducted in the vertical-up or flat position, as required in Table 2 (see also nate & to Table 2) using the type and
range of current and technique recommended by the electrode manufacturer, .

4. The preheat temperature shall be at least 60°F (16°C} and the interpass temperature shall not exceed 300°F (150°C).

5. The weld shall be made with a stringer bead technique or a weave to produce a bead no wider than 4 times the diameter of the core
wire. The root layer in tests of elecirades larger than 1/8 in. (3.2 mm) diameter may be deposited with 3/32 or 1/8 in. (2.4 or 3.2 mm)
slectrodes of that same classification. In addition to the start and stop at the ends of the weld, each bead shall also contain a start and a
stop somewhere in between.

6. A small amount of grinding between beads is permissible for welds in the vertical position, but an inordinate amount should not be
required to produce a satisfactory weld,

7. The completed weld shall be at least flush with the surface of the base metal.

8. The backing strip shall be removed and the weld on both sides of the assembly shall be machined or ground smooth and flush with
the original surfaces of the base plate,

9. The assembly shall be radiographed as specified in section 10, Radiographic Test.

Figure 3 — Groove Weld Test Assembly For Radiographic Test

Copyright by the American Welding Society Inc
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Table 3
Base Metals for Test Assemblies
AWS
Electrode ASTM UNS
Classification Material®? Specifications® Number
ENi-1 Nickel B160, B162 N02200, N02201
ENiCu-7 Nickel-Copper Alloy B127, Bl164 N04400
ENiCrFe-1, 2, 3, and 4 Nickel-Chromium-Iron Alloy B166, B168 N06600
ENiMo-1, 3, and 7 Nickel-Molybdenum Alloy B333 N10001
ENiCrCoMo-1 Nickel-Chromium-Cobalt-Molybdenum Alloy — N06617
ENiCrMo-1, 9, and 11 Nickel-Chromium-Molybdenum Alloy ' B582 N06007
ENiCrMo-2 Nickel-Chromium-Molybdenum Alloy B435 N06002
ENiCrMo-3 Nickel-Chromium-Molybdenum Alloy ’ B433, B446 N06625
ENiCrMo-4, §, 7, and 10 Low Carbon Nickel-Chromium Molybdenum B575 N10276
Alloy
ENiCrMo-12 Chromium-Nickel-Molybdenum Alloy A240 S31254
Austenitic Stainless Steel
ENiCrMo-6 Nickel-Chromium-Molybdenum Alloy B166, B168 K81340
Notes:

a, Either the basc metals specified or carbon steel (A131, A285, A515) may be used. If carbon steel is used, twa layers of buttering shall be applied
to the surface and backing strip if appropriate. For chemical analysis, base metals other than thosc specified may be used as the base for the
undiluted weld pad provided that, for electrodes of the 1/8 in. (3.2 mm) size and smaller, the minimum pad height shown in Figure 1 is 3/4 in.
(19 mm) and the sample for analysis is taken at least 5/8 in. (16 mm) from the nearest surface of the base metal. For electrode sizes 5/32 in. (4 mm)
through 1/4 in. (6.4 mmy), these dimensions are 1 in. (25 mm) and 7/8 in. (22 mm), respectively.

b. All specified base metals shall be in the annealed condition prior to welding.

¢. Equivalent material specifications may be used.

r . L4 . . . . . . ] . . > @ . L J

(A) MEDIUM ROUNDED INDICATIONS

SIZE PERMITTED IS 0.020 in. {0.51 mm) TO 0.025 in. (0.6 mm).
NUMBER PERMITTED IN ANY 6 in. {150 mm) OF WELD IS 14

(B) SMALL ROUNDED INDICATIONS

SIZE PERMITTED IS 0.015 in. (0.38 mm) TO 0.020 in. (0.51 mm).
NUMBER PERMITTED N ANY 6 in. (150 mm) OF WELD IS 23.

Notes:
1. The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to
determine conformance with this specification. Rounded indications 1/64 in. (0.40 mm) and smaller shall be disregarded. The largest
dimension of the indication (including any tail) is the size of the indication.
2. These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more
restrictive than those usually encountered in general fabrication.
3. When using the alternative method of evaluation described in 10.3.1; the total cross-sectional area of the rounded indications
{calculated from measurements taken from the radiograph) shall not exceed 0.008 in.2 (6.2 mm2) in any 6 in. {1560 mm) of weld.
4. The acceptance standard for slag inclusions in this test assembly is:

(a) Length of each individual slag indication: 1/16 in. (1.6 mm) maximum

(b) Total length of all slag indications: 1/8 in. (3.2 mm} maximum

Figure 4— Radiographic Standards for 1 /8 in. (3.2 mm) Test Assembly

Copyright by the American Welding Society Inc
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(A) ASSORTED ROUNDED INDICATIONS

SIZE PERMITTED IS 1/64 in. (0.4 mm) TO 0.050 in. (1.8 mm)

NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD 1S 21, WITH THE FOLLOWING RESTRICTIONS:
LARGE: QVER 0.031 in. (0.79 mm) TO 0.050 in. (1.3 mm) — 4 PERMITTED
MEDIUM: OVER 0.020 in. (0.51 mm) TO 0.031 in. {0.79 mm) — 5 PERMITTED
SMALL: OVER 0.015 in. (0.38 mm) TO 0.020 in. {0.51 mm} — 12 PERMITTED

(B} LARGE ROUNDED INDICATIONS

SIZE PERMITTED IS 0.031 in. (0.79 mm) TO 0.050 in. (1.3 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 8.

(C) MEDIUM ROUNDED INDICATIONS

SIZE PERMITTED IS 0.020 in. (0.51 mm) TO 0.031 in. (0.79 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 19.

(D} SMALL ROUNDED INDICATIONS

SIZE PERMITTED IS 0.015 in. {0.38 mm) TO 0.020 in. {(0.51 mm).
NUMBER PERMITTED [N ANY 6 in. {150 mm) OF WELD IS 48.

Notes:
1. The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to
determine conformance with this specification. Rounded indications 1/64 in. (0:4 mm) and smaller shall be disregarded. The largest
dimension of the indication (including any tail) is the size of the indication.
2. These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more
restrictive than those usually encountered in general fabrication.
3. When using the alternative method of evaluation described in 10.3.1, the total cross-sectional area of the rounded indications
(calculated from measurements taken from the radiograph) shall not exceed 0.015 in.2 (9.7 mm?2} in any 6 in. (150 mm) of weld.
4. The acceptance standard for slag inclusions in this test assembly is:

(a) Length of each individual slag indication: 3/16 in. (4.8 mm) maximum

(b) Total length of all slag indications: 1/4 in. (6.4 mm) maximum

Figure 5— Radiographic Standards for 1/4 in. (6.4 mm) Test Assembly

The indications may be of porosity or slag. The total area
of the rounded indications for the alternative method

shall not exceed the values given in Note 3 to the radio~

graphic standards (Figures 4 through 8). Indications
whose largest dimension does not exceed 1/64 in.
(0.40 mm) shall be disregarded. Test assemblies with
rounded indications larger than the largest indications
permitted in the radiographic standards do not meet
the requirements of this specification.

11. Tension Test

11.1 One all-weld-metal tension test specimen shall be
machined from the groove weld described in-8.4.1 and

Copyright by the American Welding Society Inc
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shown in Figure 2. The dimensions of the specimen shall
be as shown in Figure 9. '

11.2 The specimen shall be tested in the manner de-
scribed in the tension test section of the latest edition of
AWS BA.0, Standard Methods for Mechanical Testing
of Welds.

11.3 The results of the tension test shall meet the
requirements specified in Table 4.

12. Bend Test

12.1 Three transverse side-bend specimens [for elec-
trodes larger than 5/64 in. (2 mm)] or two transverse



AWS A5.11 90 EM 0784265 0010753 0 mm

12
® . Y . ° .
e * - . : °* .
(A} ASSORTED ROUNDED INDICATIONS
SIZE PERMITTED IS 1/64 in. (0.4 mm) TO 0.075 in. {1.9 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 17, WITH THE FOLLOWING RESTRICTIONS:
LARGE: OVER 0.049 in. (1.24 mm) TO 0.075 in. (1.90 mm) — 3 PERMITTED
MEDIUM: OVER 0.020 in, (0.61 mm) TO 0.049 in. {1.24 mm)} — 3 PERMITTED
SMALL:  OVER 0.015 in. (0.38 mm) TO 0.020 in. (0.61 mm} — 11 PERMITTED
L )
® o o
(B) LARGE ROUNDED INDVICATIONS
SIZE PERMITTED IS 0.049 in. (1.24 mm) TO 0,075 in. (1.90 mm).
NUMBER PERMITTED IN ANY 6 in. {150 mm) OF WELD IS 5.
° °
° L4 ° PY °
[ ® [y °
(C) MEDIUM ROUNDED INDICATIONS
SIZE PERMITTED IS 0.020 in. (0.6 mm) TO 0.049 in. (1.3 mm).
NUMBER PERMITTED IN ANY 6 in. {150 mm) OF WELD IS 11.
(D) SMALL ROUNDED INDICATIONS
SIZE PERMITTED IS 0.015 in. (0.38 mm} TO 0.020 in, {0.561 mm).
NUMBER PERMITTED IN ANY 6 in. (160 mm) OF WELD IS 72.
Notes: .

1. The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to
determine conformance with this specification. Rounded indications 1/84 in. {0.4 mm) and smaller shall be disregarded. The largest
dimension of the indication (including any tail) is the size of the indication.
2. These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more
restrictive than those usually encountered in general fabrication.
3. When using the alternative.method of evaluation described in 10.3.1, the total cross-sectional area of the rounded. indications
(calculated from measurements taken from the radiograph) shall not exceed 0.023 in.2 (14.8 mmZ2) in any 6 in. (160 mm) of weld.
4. The acceptance standard for slag inclusions in this test assembly is:

{a) Length of each individual slag indication: 7/32 in. (5.6 mm) maximum

{b) Total length of all slag indications; 3/8 in, (9.6 mm) maximum

Figure 6 — Radiographic Standards for 3/8 in. (9.5 mm) Test Assembly

Copyright by the American Welding Society Inc
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(A} ASSORTED ROUNDED INDICATIONS

SIZE PERMITTED IS 1/64 in. (0.4 mm) TO 0.10 in. (2.6 mm).

NUMBER PERMITTED IN ANY 6 in. (1560 mm) OF WELD IS 45, WITH THE FOLLOWING RESTRICTIONS:
LARGE: OVER 0.031 in. (0.79 mm) TO 0.10 in. (2.6 mm) — 1 PERMITTED
MEDIUM: OVER 0.019 in. {0.48 mm) TO 0.031 in. {0.79 mm) — 9 PERMITTED
SMALL: OVER 0.015 in, {0.38 mm) TO 0.019 in. (0.48 mm) — 35 PERMITTED

(B} LARGE ROUNDED INDICATIONS

SIZE PERMITTED 1S 0.031 in. {0.79 mm) TO 0.10 in. (2.5 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 4.

L4 ° L) . ° ° . . .
. . . * . L] ¢ . . ‘ b . . ]
. . . . b . . * . - . R ° . [y .
(C) MEDIUM ROUNDED INDICATIONS
SIZE PERMITTED IS 0.019 in. (0.48 mm} TO 0.031 in. {0.79 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 40.

(D) SMALL ROUNDED INDICATIONS

SIZE PERMITTED (S 0.015 in. {0.38 mm) TO 0.019 in. {0.48 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 101.

Notes:
1. The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to
determine conformance with this specification. Rounded indications 1/64 in. (0.40 mm) and smaller shall be disregarded. The largest
dimension of the indication (including any tail) is the size of the indication.
2. These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more
restrictive than those usually encountered in general fabrication.
3. When using the alternate method of evaluation described in 10.3.1, the total cross-sectional area of the rounded indications
{calculated from measurements taken from the radiograph) shall not exceed 0.030 in.2 (19.4 mm2) in any 6 in. {150 mm) of weld,
4. The acceptance standard for slag inclusions in this test assembly is:

(a) Length of each individual slag indication: 1/4 in. {(6.4. mm) maximum

(b} Total length of all slag indications: 1/2 in. (13 mm) maximum

Figure 7— Radiographic Standards for 1/2 in. (13 mm) Test Assembly

Copyright by the American Welding Society Inc
Thu Nov 05 13:48:35 1998



AhJ‘S A5.11 90 WM 07842k5 00LO?55 4 MM

14
hd L L) -
. e ° . . . . R . N ° ¢ . ) ®
. R ° . . .
¢ [ ] . M . . * . . * [ ) *
) 0 ¢ o . b e " e * * . ' .
{A) ASSORTED ROUNDED INDICATIONS
SIZE PERMITTED IS 1/64 in. (0.40 mm) TO 0.125 in. (3.2 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 53, WITH THE FOLLOWING RESTRICTIONS:
LARGE; OVER 0.034 in. (0.86 mm) TO 0.125 in. (3.2 mm) — 1 PERMITTED
MEDIUM: OVER 0.024 in. {0.61 mm} TO 0.034 in. (0.86 mm) — 17 PERMITTED
SMALL: OVER 0.015 in. {0.38 mm) TO 0.024 in. (0.61 mm} — 35 PERMITTED
d ®
 J
®
(B} LARGE ROUNDED INDICATIONS
SIZE PERMITTED IS 0.034 in. (0.86 mm) TO 0.125 in. (3.2 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 4.
d o . . .
. . . ¢ [ ] ¢ o L ¢ ° * * °
e L4 )
. . . . M . . . °. o o e * .
. . . ° ¢ ¢ L4 ° . o ™ . 'Y
{C} MEDIUM ROUNDED INDICATIONS
SIZE PERMITTED IS 0.024 in. (0.61 mm) TO 0.034 in. (0.86 mm).
NUMBER PERMITTED IN ANY 6 in. (150 mm) OF WELD IS 50.
. . . . . ° . . s * .
. . . . . . . . . . . .« ® - . . .
e * o ¢ . . LI s ® * . . L ¢ . . ¢ .
P - . * o ° ..o . * « ® hd . * . *
(D) SMALL ROUNDED INDICATIONS
SIZE PERMITTED IS 0,015 in. (0.38 mm) TO 0.024 in. (0.61 mm).
NUMBER PERMITTED IN ANY 6 in, (160 mm) OF WELD IS 90.
Notes:

1. The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to
determine conformance with this specification. Rounded indications 1/64 in. (0.4 mm) and smaller shall be disregarded. The largest
dimension of the indication {including any tail) is the size of the indication.
2. These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more
restrictive than those usually encountered in general fabrication.
3. When using the alternate method of evaluation described in 10.3.1, the total cross-sectional area of the rounded indications
{calculated from measurements taken from the radiograph) shall not exceed 0.045 in.2 (29.0 mm2) in any 6 in. (150 mm) of weld.
4, The acceptance standard for slag inclusions in this test assembly is:

(a) Length of each individual slag indication: 5/16 in. (7.9 mm) maximum.

(b) Total length of all slag indications; 3/4 in. (19 mm) maximum.

Figure 8 — Radiographic Standards for 3/4 in. (19 mm) Test Assembly
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SEE NOTE 2
Dimensions of Specimen, in.
Test Assembly Approximate
Thickness D G c B F-min Area, in.2
3/4 0.500 £ 0.010 2.000 £ 0.005 2-1/4 3/4 0.38 (3/8) 0.2
172 0.250 + 0.005 1.000 £ 0.005 1-1/4 3/8 0.18 0.05
3/8 0.160 + 0.003 0.640 £ 0.005 3/4 5/16 0.16 0.02
Dimensions of Specimen, mm
Test Assembly Approximate
Thickness D G c B F-min Area, mm?
19 12.7 £ 0.25 50.8+0.13 57 19 9.5 129
13 6.4 +0.13 2541013 32 95 4.6 32
10 4.1 4+ 0.08 16.3+£0.13 19 7.9 3.8 13
Notes:
1. Dimensions G and G shall be as shown, but the ends may be of any shape required to fit the testing machine, as long as the load is
kept axial.

2. The diameter of the specimen within the gage length shall be slightly smaller at the center than at the ends. The difference shall not
exceed 1% of the diameter.

3. The finish of the surface within the C dimension shall be no rougher than 63 X 105 in. (1.6 pmm).

SPECIMEN LOCATION

Figure 9 —Dimensions and Location of All-Weld-Metal Tension Test Specimen
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Table 4 Table 5
All-Weld-Metal Tension Test Requirements Dimenslons of Bend Test Specimens
AWS Tensile Strength, Min. Elongation* Length? Width? Thickness®
Classification psi MPa Percent, Min. in. mm in. mm in. mim
ENi-1 60 000 410 20 Side 6 150 b b 3/8 9.5
ENiCu-7 70 000 480 30 Face 6 150 112 38 3/8 - 95
ENiCrFe-1
ENiCrFe-2 80 000 550 30 -
ENiCrFe-3 b. The width of the specimen is the thickness of the test assembly
] g from which the spccimen is taken (see Figure 2),
ENiCrFe-4 95000 630 20 ¢. The radius of corners of the specimen shall be 1/8 in. (3.2 mm)
ENiMo-1 ] . maximum.
ENiMo-3 100 000 690 25
ENiMo-7 110 000 760 25
ENiCrCoMo-1 90 000 620 25
ENiCrMo-1 90 000 620 20 Part C
ENiCrMo-2 95 000 650 20 Manufacture, Identification,
ENiCrMo-3 110 000 760 30 and Packaging
ENiCrMo-4 100 000 690 25
ENiCrMo-5 100 000 690 25 13. Method of Manufacture
ENfchonﬁ 90000 620 35 The welding electrodes classified according to this
ENiCrMo-7 100 000 690 25 specification may be manufactured by any method that
ENiCrMo-9 90 000 620 25 will produce electrodes that meet the requirements of
ENiCrMo-10 100 000 690 25 this specification.
ENiCrMo-11 85 000 585 25
ENiCrMo-12 95 000 650 3 14. Standard Sizes and Lengths

*The elongation shall be determined from a gage length equal to
4 times the gage diameter,

face-bend specimens [for 5/64 in. (2 mm) electrodes], as
required in Table 2, shall be taken from the assembly
described in 8.4.1 and shown in Figure 2. The dimensions
of the specimens shall be as shown in Table 5.

12.2 The specimens shall be bent uniformly through
180 degrees over a 3/4 in. (19 mm) radius in any suitable
jig as specified in AWS B4.0, Standard Methods for the
Mechanical Testing of Welds. Two standard jigs are
shown in Figure 10. Positioning of the side-bend speci-
mens shall be such that the side of the bend with the
greater discontinuities, if any, is in tension. Positioning
of the face-bend specimens shall be such that the face of
the weld is in tension. For both types of transverse bend
specimen, the weld shall be at the center of the bend.

12.3 Each specimen, after bending, shall conform to the
3/4in. (19 mm) radius with an appropriate allowance for
springback, and the weld metal shatl not contain fissures
in excess of those permitted in Table 6 when examined
with the unaided eye.

14.1 Standard sizes (diameter of the core wire). and
lengths of electrodes are as shown in Table 7.

14.2 The diameter of the core wire shall not vary more
than +0.003 in. (0.08 mm) from the diameter specified,
The length shall not vary more than £3/8 in. (=10 mm)
from that specified.

15. Core Wire and Covering

15.1 The core wire and covering shall be free of defects
that would interfere with uniform deposition of the
electrode.

"15.2 The core wire and covering shall be concentric to

the extent that the maximum core-plus-one-covering
dimension shall not exceed the minimum core-plus-one-
covering dimension by more than the following:

(1) Seven percent of the mean dimension in sizes

- 3/32 in. (2.4 mm) and smaller

(2) Five percent of the mean dimension in sizes 1/8 in.
(3.2 mm) and 5/32 in. (4.0 mm)

(3) Four percent of the mean dimension in sizes
3/16 in. (4.8 mm) and larger
The concentricity may be measured by any suitable
means.

Copyright by the American Welding Society Inc
Thu Nov 05 13:48:35 1998




ﬂS AS5.311 90 WM 078Y42L5 00107548 'Tr B
— ———— e 17

AS REQUIRED ————————
TAPPED HOLE TO SUIT HARDENED ROLLERS 1-1/2 in. IN DIAMETER

TR HOLETO S MAY BE SUBSTITUTED FOR JIG SHOULDERS
l4;AS REQUIRED —>|/
= |
L
wﬁ‘/ 3/4
_ 1 4

A4
T PLUNGER MEMBER ~—»

I ) AND GREASED

SHOULDERS HARDENED
1
1-1/8 [ 3/4
1/4 < 41/2
5-1/4
aial”
|
I | s |
I I
2
DIE
I 3-7/8 ( MEMBER 7-1/2
| ° ]
Sl Equivalents
Standard Guided Bend Test Jig in. mm in. mm
T2 A B C b 1/8 32 |2 51
— - 1/4 64 | 2-3/8 60
3/8 1-1/2 3/4 2-3/8 1-3/16 5/16 7.9 1 8-7/8 98
3/8 9.5 | 4-1/2 110
1/2 13 5-1/4 130
6/8 16 6-3/4 170
. 3/4 19 7-1/72 190
Notes: o ) o 1 25 9 230
1. -Plunger and interior die surfaces shall be machine finished. 1-1/8 29
2. T = thickness of bend specimen. 1-3/16 30
3. Ali dimensions are in inches. 1-1/2 38

Figure 10 — Standard Bend Test Jigs
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\( 3/8in. .
7/16 in. —é\ \</_
\ ROLLER ANY DIAMETER
1-1/2 in.
WELD
- 3/4in
RN
V. zz24
Wrap-around bend test jig Sl Equivalents
T A B in. mm
3/8 -1/2
/ 1-1/ 3/4 116 16
174 6.4
3/8 9.5
7/16 1"
3/4 19
1-1/2 38
Notes:

1. All dimensions are in inches.

2. Dimensions not shown are the option of the designer; it is essential for the jig to have adequate rigidity so the parts will not spring

during the bending operation.

3. One end of the specimen shall be firmly clamped to the jig so the specimen does not slide during bending.

Figure 10 (continued) — Standard Bend Test Jigs

16. Exposed Core

16.1 The grip end of each electrode shall be bare (free of
covering) for a distance of not less than 3/4 in. (19 mm),
nor more than 1-1/4 in. (32 mm), to provide for electrical
contact with the holder.

16.2 The arc end of each electrode shall be sufficiently
bare and the covering sufficiently tapered to permit easy
striking of the arc. The length of the bare portion (mea-
sured from the end to the point where the full cross
section of the covering is obtained) shall not exceed
1/8 in. (3.2 mm) or the diameter of the core wire, which-
ever is less. Electrodes with chipped coverings near the arc
end, baring the core wire no more than the lesser of 1/4in.

(6.4 mm) or twice the diameter of the core wire meet the -

requirements of this specification, provided no chip un-
covers more than 50% of the circumference of the core.

17. Electrode Identification
All electrodes shall be identified as follows:

17.1 Atleast one legible imprint of the electrode classifi-
cation shall be applied to the electrode covering within
2-1/2 in. (64 mm) of the grip end of the electrode.

172 The numbers and letters of the imprint shall be of
bold block type of a size large enough to be legible.

17.3 Theink used for imprinting shall provide sufficient
contrast with the electrode covering so that in normal use
the numbers and letters are legible both before and after
welding.

17.4 The prefix letter “E” in the electrode classification
may be omitted from the imprint.

Copyright by the American Welding Society Inc
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Table 6

Bend Test Requirements®
= Fissures Permitted
Electrode Size Maximum Length®
AWS - Maximum
Classification in. mm Number® in. mm
5/64 2.0
3/32 2.4 } 3
ENi-1 18 32 1/8 32
5/32 4.0 ] 4
3/16 4.8
5/64 © 20
3/32 24 ] 3
1/8 32
ENiCu-7
5/32 4.0
3/16 4.8 ] 4
1/4 6.4
ENiMo-1
ENiMo-3
ENiMo-7
ENiCrFe-1
o ENiCrFe-2
ENiCrFe-4
ENiCrCoMo-I 5/64 2.0 332 24
ENiCrMo-1
. . 3/32 24
ENiCrMo-2
ENiCrMo-3 18 32 3
. 5/32 4.0
ENiCrMo4 3/16 48
ENiCrMo-5 :
ENiCrMo-6
ENiCrMo-7
ENiCrMo-9
ENiCrMo-10
ENiCrMo-11
ENiCrMo-12
5/64 2.0
3/32 2.4
ENiCrFe-3 1/8 32 2
5/32 4.0
3/16 4.8
Notes:

a. These requirements apply to both side- and face-bend specimens.

b. The value shown is the maximum number of fissures permitted in the weld metal on the tension
side of each bend specimen. The sizes of the fissures are defined in notc c.

¢. The number of fissures referred to in note b and shown in Table 6, is for fissures between [ /64 in,
(0.4 mm) and the length shown in the last column of Table 6, Those less than 1 /64 in. (0.4 mm) in
length and those on the corners of the specimens shall be disregarded. Bend specimens with fissures
longer than the length shown do not meet the requirements of this specification.

)
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Tahle 7

Standard Sizes and Lengths

Standard Lengths?

ENiMo-1, ENiMo-3
ENiMo-7, ENiCrCoMo-1
ENiCrFe-1, ENiCrMo-1, ENiCrMo-2,
ENiCrFe-2, ENiCrMo-~4, ENiCrMo-5,
ENiCrFe-3, ENiCrMo-6, ENiCrMo-7,
Electrode Size ENiCrFe-4, ENiCrMo-9, ENiCrMo-10,
(Core Wire Diameter) ENi-1 ENiCu-7 ENiCrMo-3 ENiCrMo-11, ENiCrMo-12°
in, mm in, mm in. mm in. mm in. mm
5/64 (0.078) 2.0 9 230 9 230 9 230 9 230
3/32 (0.094) 24 9or12 2300r300 9orl12 2300r300 9orl2 230or 300 9or 12 230 or 300
1/8 (0.125) 3.2 14 300 14 300 12 or 14 300 or 360 14 360
5/32 (0.156) 4.0 14 350 14 360 14 360 14 360
3/16 (0.188) 4.8b 14 350 14 360 14 360 14 360
1/4 (0.250) 64 — — 14 360 — — — —
Notes:
a. Other lengths shall be as agreed by the purchaser and the supplier.
b. The 3/16 in. (4.8 mm) diameter is not standard for the ERNiCrMo-12 classification.
18. Packaging WARNING:

18.1 Electrodes shall be suitably packaged to protect
them from damage during shipment and storage under
normal conditions,

18.2 Package weights shall be as agreed upon by sup-
plier and purchaser.

19. Marking of Packages

19.1 The following product information (as a mini-
mum) shall be legibly marked on the outside of each unit
package: .

(1) AWS specification and classification designations
(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
minimum) shall be prominently displayed in legible print
on all packages of electrodes, including individual unit
packages enclosed within a larger package.

Protect yourself and others.

Read and understand this label.

FUMES AND GASES can be dangerous to your
health.

ARC RAYS can injure eyes and burn skin.
ELECTRIC SHOCK can kill.

Before use, read and understand the manufacturer’s
instructions (MSDSs) and your employer’s safety
practices.

Keep your head out of the fumes.

Use enough ventilation, exhaust at the arc, or both, to
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.

e See American National Standard Z49.1, Safety in

Welding and Cutting, published by the American
Welding Society, 550 N.W. LcJeune 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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Appendix

Guide to AWS Specification for
Nickel and Nickel Alloy Welding Electrodes
for Shielded Metal Arc Welding

(This Appendix is not a part of ANSI/ AWS A5.11-90, Specification for Nickel and Nickel Alloy Welding Electrodes
Jor Shielded Metal Arc Welding, but is included for information purposes only.)

Al, Introduction

The purpose of this guide is to correlate the electrode
classifications with their intended applications so the
specification can be used effectively. Reference to appro-
priate base metal specifications is made whenever that
can be done and when it would be helpful. Such refer-
ences are intended only as examples rather than com-
plete listings of the base metals for which each filler metal
is suitable.

A2. Classification System

A2.1 The system for identifying the electrode classifica-
tions in this specification follows the standard pattern
used in other AWS filler metal specifications. The letter
“E” at the beginning of each classification designation
stands for electrode.

A2.2 Since the electrodes are classified according to the
chemical composition of the weld metal they deposit, the
chemical symbol “Ni* appears right after the “E* as a
means of identifying the electrodes as nickel-base alloys.
The other symbols (Cr, Cu, Fe, Mo, and Co) in the
designations are intended to group the electrodes accord-
ing to their principal alloying elements. The individual
designations are made up of these symbols and a number
at the end of the designation (ENiMo-1 and ENiMo-3,
for example). These numbers separate one composition
from another, within a group, and are not repeated
within that group.

Copyright by the American Welding Society Inc
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A2.3 From an application point of view, the electrode
classifications in this specification have corresponding
classifications in ANSI/AWS AS5.14, Specification for
Bare Nickel and Nickel Alloy Welding Electrodes and
Rods, for those cases in which there is a corresponding
application for a baré electrode or rod (ER). Table Al
correlates the covered electrode classifications in this
edition with those in the previous edition of this speci-
fication and the corresponding ER classification in
ANSI/AWS AS5.14, 1t also lists the current designation
for each classification as it is given in a prominent and
pertinent military specification, when such a designation
exists.

A3. Acceptance

Acceptance of all welding materials classified under
this specification is in accordance with ANSI/AWS
A5.01, Filler Metal Procurement Guidelines, as the Spec-
ification states. Any testing that a purchaser requires
of the supplier, for material shipped in accordance with
this specification, shall be clearly stated in the purchase
order, according to the provisions of ANSI/ AWS A5.01.
In the absence of any such statement in the purchase
order, the supplier may ship the material with whatever
testing the supplier normally conducts on material of
that classification, as specified in Schedule F, Table 1, of
ANSI/AWS A5.01. Testing in accordance with any
other Schedule in that Table must be specifically required
by the purchase order. In such cases, acceptance of the
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Table A1
Comparison of Classifications
Corresponding

Military Classification

Classification in A5.11 Designation* in A5.14
Present Previous
Classification Classification**
ENi-1 ENi-1 4N11 ERNi-{
ENiCu-7 ENiCu-7 9N10 ERNiCu-7
ENiCrFe-1 ENiCrFe-1 3N12 —
ENiCrFe-2 ENiCrFe-2 4N1A —
ENiCrFe-3 ENiCrFe-3 8N12 ERNiCr-3
ENiCrFe-4 ENiCrFe-4 — —_
ENiMo-1 ENiMo-1 3NIB ERNiMo-1
ENiMo-3 ENiMo-3 4NIW ERNiMo-3
ENiMo-7 ENiMo-7 — ERNiMo-7
ENiCrCoMo-1 Not classified — ERNiCrCoMo-1
ENiCrMo-1 ENiCrMo-1 — ERNiCrMo-1
ENiCrMo-2 ENiCrMo-2 — ERNiCrMo-2
ENiCrMo-3 ENiCrMo-3 IN12 ERNiCrMo-3
ENiCrMo-4 ENiCrMo-4 — ERNiCrMo-4
ENiCrMo-5 ENiCrMo-5 3NIC —
ENiCrMo-6 ENiCrMo-6 — —
ENiCrMo-7 ENiCrMo-7 — ERNiCrMo-7
ENiCrMo-9 ENiCrMo-9 — ERNiCrMo-9
ENiCrMo-10 Not Classified — ERNiCrMo-10
ENiCrMo-I1 Not Classified — ERNiCrMo-11
ENiCrMo-12 Not Classified — —
* Mil-E-22200/3

** A5 11-83
Notes:

1. AS5.11 is ANSI/AWS AS,11, Specification for Nickel and Nickel Alloy Electrodes for Shielded

Metal Arc Welding.

2. Military Designation MIL-E-22200/3, is Nickel Base Alloy and Cobait Base Alloy Covered

Welding Electrodes.

3. AS5.14 is ANSI/ AWS AS, 14, Specification for Bare Nickel and Nickel Alloy Welding Electrodes

and Rods.

material shipped will be in accordance with those
requirements.

Ad. Certification

The act of placing the AWS specification and classi-
fication designations on the packaging enclosing the
product, or the classification on the product itself, con-
stitutes the supplier’s (manufacturer’s) certification that
the product meets all of the requirements of the speci-
fication.

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 mate-
rial met the requirements of the specification. Repre-
sentative material, in this case, is any production run of

that classification using the same formulation, “Certifi-
cation” 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 conducted. The basis for the certifica-
tion required by the specification is the classification test
of “representative material” cited above, and the “Manu-
facturer’s Quality Assurance Program” in ANSI/ AWS
A5.01, Filler Metal Procurement Guidelines.

AS5. Ventilation During Welding

A5.1 The following five major factors govern the quan-
tity 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)
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(2) Number of welders and welding operators work-
ing in that space .

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

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

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

AS5.2 American National Standard Z49.1, Safety in
Welding and Cutting (published by the American Weld-
ing Society), discusses the ventilation that is required
during welding and should be referred:-to for details.
Attention is drawn particularly to the section of that
document dealing with Hesdlth Protection and Venti-
lation,

A6. Welding Considerations

A6.1 Before welding or heating any nickel-base alloy,
the material must be clean. Oil, grease, paint, lubricants,
marking pencils, temperature-indicating materials, ttiread-
ing compounds, and other such materials frequently
contain sulfur, lead, or silver, which may cause cracking
(embrittlement) of the base metal or the weld metal if
present during welding or heating,

A6.2 Electrodes of some of the classifications are used
for dissimilar metal welds. When making such welds, it is
important to obtain as little dilution as possible from the
dissimilar metal member (steel, for example), This can be
done by traveling slowly to deposit a thicker bead and to
dissipate the energy of the arc against the molten weld
metal or the nickel-base metal, rather than the steel
member,

A6.3 Most of the electrodes in this specification are
intended to be used with DCEP (Direct Current, Elec-
trode Positive). Some of the new electrodes, however,
are designed to operate also on alternating current. Elec-
trodes of that type are so noted in the following discus-
sion of each classification.

A7. Description and Intended Use
of Electrodes

A7.1 ENi-1 Classification. Electrodes of this classifica-
tion are used for welding wrought and cast forms of
commercially pure nickel to themselves and to steel (i.e.,
joining nickel to steel and surfacing steel with nickel).
Typical specifications for this nickel base metal are
ASTM B160, B161, B162, and B163, all of which have
UNS Numbers N02200 or N02201. Electrodes through
the 1/8 in. (3.2 mm) size can be used in all positions,
Electrodes larger than that are used only in the horizon-
tal and flat positions.
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A7.2 ENiCu-7 Classification. Electrodes of this classi-
fication are used for welding nickel-copper alloys to
themselves and to steel, for welding the clad side of joints
insteel clad with a nickel-copper alloy, and for surfacing
steel with nickel-copper alloy weld metal. Typical speci-
fications for the nickel-copper base metal are ASTM
B127, B163, B164, B165, all of which have UNS Number
N04400.

Electrodes through the 1/8 in, (3.2 mm) size can be
used in all positions. Electrodes larger than that are used
only in the flat and horizontal positions, The weld metal
is suitable for service both in the as-welded condition and
after an appropriate postweld heat treatment. Qualifica-
tion tests should be conducted beforehand to make cer-
tain the necessary properties can be obtained after the
particular heat treatment is employed.

A7.3 ENiCrFe Classifications

A7.3.1 ENiCrFe-1. Electrodes of this classification
are used for welding nickel-chromium-iron alloys, for
the clad side of joints in steel clad with nickel-chromium-
iron alloy, and for surfacing steel with nickel-chromium-
iron weld metal. The electrodes may be used for
applications at temperatures ranging from cryogenic to
around 1800°F (980°C). However, for temperatures
above 1500°F (820°C), these electrodes do not exhibit
optimum oxidation resistance and strength. The elec-
trodes are also suitable for joining steel to nickel-base
alloys. Typical specifications for the nickel-chromium-
iron base metal are ASTM B163, B166; B167, and B168,
all of which have UNS Number N06600. Electrodes
through the 1/8 in. (3.2 mm) size can be used in all
positions. Electrodes larger than that are used only in the
horizontal and flat positions.

A7.3.2 ENiCrFe-2. Electrodes of this classification
are used for welding nickel-chromium-iron alloys, 9%
nickel steel and a variety of -dissimilar metal joints
(involving carbon steel, stainless steel, nickel, and nickel
base alloys). The base metals can be wrought or cast
(welding grade), or both. The electrodes may be used for
applications at temperatures ranging from ctyogenic to
around 1800°F (980°C). However for temperatures
above 1500°F (820°C), ENiCrFe-2 does not exhibit
optimum oxidation resistance and strength. Typical
specifications for the nickel-chromium-iron base metal
are ASTM B163, B166, B167, and B168, all of which
have UNS Number N06600. Electrodes through the
1/8 in. (3.2 mm) size can be used in all positions. Elec-
trodes larger than that are used only in the horizontal
and flat positions.

A7.3.3 ENiCrFe-3. Electrodes of this classification
are used for welding nickel-chromium-iron alloys, for
welding the clad side of joints on steel clad with nickel-
chromium-iron alloy, and for surfacing steel with nickel-
chromium-iron weld metal, when comparatively high
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manganese contents are not detrimental, The electrode
may be used for applications at temperatures ranging
from cryogenic to about 900° F (480° C). Typical specifi-
cations for the nickel-chromium-iron base metal are
ASTM B163, B166, B167, and B168, all of which have
UNS Number N06600.

These electrodes can also be used for welding steel to
other nickel-base alloys. Fewer fissures are permitted on
the bend test for this weld metal than for weld metal of
the ENiCrFe-1 and ENiCrFe-2 classifications. Elec-
trodes through the 1/8 in, (3.2 mm) size can be used for
welding in all positions. Electrodes larger than that are
used only in the horizontal and flat positions.

A7.3.4 ENiCrFe-4. Electrodes of this classification
are used for welding 9% nickel steel. Typical specifica-
tions for the 9% nickel steel base metal are ASTM A333,
A334, A353, A522, and A553, all of which have UNS
Number K81340. The strength of the weld metal is
higher than that of the ENiCrFe-2 classification and the
electrodes are ac-dc electrodes, Because of the latter, they
are especially useful where ac is desired to combat arc
blow. :

A7.4 ENiMo Classifications

A7.4.1 ENiMo-1. Electrodes of the ENiMo-1 classi-
fication are used for welding nickel-molybdenum alloys
as well as the clad side of joints in steel clad with a
nickel-molybdenum alloy and for welding nickel-molyb-
denum alloys to steel and to other nickel base alloys,
Typical specifications for the nickel-molybdenuin base
metal are ASTM B333, B335, B619, B622, and B626, all
of which have UNS Number N10001. ENiMo-1 elec-
trodes normally are used only in the flat position.

A7.4.2 ENiMo-3. Electrodes of the ENiMo-3 classi-
fication are used for welding dissimilar metal combina-
tions of nickel-base, cobalt-base, and iron-base alloys.
These electrodes normally are used only in the flat
position.

A7.4.3 ENiMo-7. Electrodes of the ENiMo-7 classi-
fication have controlled low levels of carbon, iron, and
cobalt and are used for welding nickel-molybdenum
alloys, for welding the clad side of joints in steel clad with
a nickel-molybdenum alloy, and for welding nickel-
molybdenum alloys to steel and to other nickel base
alloys. Typical specifications for the nickel-molybdenum
base metals are ASTM B333, B335, B619, B622, and
B626, all of which have UNS Number N10665. These
electrodes normally are used only in the flat position.

A7.5 ENiCrCoMo-1 Classification. Electrodes of the
ENiCrCoMo-1 classification are used for welding
nickel-chromium-cobalt-molybdenum alloys (UNS No.
N0G617) to themselves and to steel and for surfacing steel
with nickel-chromium-cobalt-molybdenum weld metal.
The electrodes are also used for applications where
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optimum strength and oxidation resistance is required
above 1500°F (820°C) up to 2100°F (1150°C), espe-
cially when welding on base metals of nickel-iron-
chromium alloys. Electrodes 3/32 in. (24 mm) and
1/8 in. (3.2 mm) in diameter can be used for welding in
all positions. Larger electrodes are used for welding in
the flat or horizontal positions.

A7.6 ENiCrMo Classifications

A7.6.1 ENiCrMo-1. Electrodes of this classification
are used for welding nickel-chromium-molybdenum
alloys, for welding the clad side of joints in steel clad with
nickel-chromium-molybdenum alloy, and for welding
nickel-chromium-molybdenum alloy to steel and to
other nickel base alloys. Typical specifications for the
nickel-chromium-molybdenum base metals are ASTM
B581, B582, B619, and B622, all of which have UNS
Number NO6007. These electrodes normally are used
only in the flat position.

A7.62 ENiCrMo-2. Electrodes of this classification
are used for welding nickel-chromium-molybdenum
alloys, for welding the clad side of joints in steel clad with
nickel-chromium-molybdenum alloy, and for welding
nickel-chromium-molybdenum alloys to steel and to
other nickel base alloys. Typical specifications for the
nickel-chromium-molybdenum base metals are ASTM
B435, B572, B619, B622, and B626, all of which have
UNS Number NO6002. These electrodes normally are
used only in the flat position.

A7.6.3 ENiCrMo-3. Electrodes of the ENiCrMo-3
classification are used for welding nickel-chromium-
molybdenum alloys to themselves and to steel, and for
surfacing steel with nickel-chromium-molybdenum weld
metal. These electrodes also can be used for welding
nickel base alloys to steel. The electrodes are used in
applications where the temperature ranges from cry-
ogenic to 1800°F (980°C). For optimum strength and
oxidation resistance above 1500°F (820°C), the
ENiCrCoMo-1 electrode should be used. Typical speci-
fications for the nickel-chromium-molybdenum base

‘metals are ASTM B443, B444, and B446, all of which

have UNS Number N06625. Electrodes through the
1/8 in. (3.2 mm) size can be used for welding in all
positions. Electrodes larger than that are used only in the
flat and horizontal positions.

A7.6.4 ENiCrMo-4. Electrodes of this classification
are used for welding low carbon nickel-chromium-
molybdenum alloy, for welding the clad side of joints in
steel clad with low carbon nickel-chromium-molybdenum
alloy, and for welding low carbon nickel-chromium-~
molybdenum alloy to steel and to other nickel base
alloys. Typical specifications for the nickel-chromium-
molybdenum base metals are ASTM B574, B575, B619,
B622, and B626, all of which have UNS Number N10276.
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These electrodes normally are used only in the flat
position.

A7.6.5 ENiCxMo-5. Electrodes of this classification
are used for welding of joints in steel clad with a nickel-
chromium-molybdenum alloy and for the joining of
nickel-chromium-molybdenum alloys to steel or to other
nickel base alloys. Typical specification for the nickel-
chromium-molybdenum base metals are ASTM B334,
B336, and B366, all of which have UNS Number
N10002. These electrodes normally are used only in the
flat position.

A7.6.6 ENiCrMo-6. Electrodes of this classification
are used for welding 9% nickel steel, but they can beused
in other applications as well, Typical specifications for
the 9% nickel steel base metal are ASTM A333, A334,
A333, A522, and A553, all of which have UNS Number
K81340. These electrodes are ac-de electrodes, which
makes them especially useful for combating magnetic arc
blow. Electrodes through the 1/8 in. (3.2 mm) size can be
used for welding in all positions. Electrodes larger than
that are used only in the flat and horizontal positions,

A7.6.7 ENiCrMo-7. Electrodes of this classification
are used for welding nickel-chromium-molybdenum
alloy, for the welding of the clad side of joints in steel clad
with nickel-chromium- molybdenum alloy, and for join-
ing nickel-chromium-molybdenum alloys to steel and to
other nickel-base alloys. Typical specifications for the
nickel-chromium-molybdenum base metals are ASTM
B574, B575, B619, B622, and B626, all of which have
UNS Number N06455, These electrodes normally are
used only in the flat position.

A7.6.8 ENiCrMo-9. Electrodes of this classification
are used for welding nickel-chromium-molybdenum
alloy, for the welding of the clad side of joints in steel clad
with nickel-chromium- molybdenum alloy, and for join-
ing nickel-chromium-molybdenum alloys to steel and to
other nickel base alloys. Typical specifications for the
nickel-chromium-molybdenum base metal are ASTM
B581, B582, B619, B622, and B626, all of which have
UNS Number N06985. These electrodes normally are
used only in the flat position.

AT.6.9 ENiCrMo-10. Electrodes of this classification
are used for welding nickel-chromium-molybdenum
alloy, for the welding of the clad side of joints in steel clad
with nickel-chromium- molybdenum alloy, and for join-
ing nickel-chromium-molybdenum alloys. Typical speci-
fications for the nickel-chromium-molybdenum base
metals are ASTM B574, B575, B619, B622, and B626, all
of which have UNS Number N06022. Electrodes through
the 1/8 in. (3.2 mm) size can be used for welding in all
positions. Electrodes larger than that are used only in the
flat position.

Copyright by the American Welding Society Inc
Thu Nov 05 13:48:35 1998

25

A7.6.10 ENiCrMo-11. Electrodes of this classifica-
tion are used for welding nickel-chromium-molybdenum
alloy, for the welding of the clad side of joints in steel clad
with nickel-chromium-molybdenum alloy, and for join-
ing nickel-chromium-molybdenum alloys to steel and to
other nickel-base alloys. Typical specifications for the
nickel-chromium-molybdenum base metal are ASTM
B581, B582, B619, B622, and B626, all of which have
UNS Number N06030. These electrodes normally are
used only in the flat position,

A7.6.11 ENiCrMo-12. Electrodes of this classifica-
tion are used for welding chromium-nickel-molybdenum
austenitic stainless steels to themselves, to duplex
(austenitic-ferrritic) stainless steels, to nickel-chromium-
molybdenum alloys; and to steel. The ENiCrMo-12
composition is balanced to provide corrosion resistant
welds for use at temperatures below the creep range of
highly alloyed austenitic stainless steels. Typical specifi-
cations for the chromium-nickel-molybdenum stainless
steel base metals are A240,.A167, Al182, A249, A276,
A312, A358, A473, and A479, most particularly the
grade UNS 831254 contained in those specifications.
Electrodes through the 1/8 in. (3.2 mm) size can be used
for welding in all positions. Electrodes larger than that
can be used only for welding in the flat and horizontal
positions.

A8. Special Tests

It is recognized that supplementary tests may be
required for certain applications. In such cases, tests to
determine specific properties such as corrosion resist-
ance, scaling resistance, or strength at clevated or cry-
ogenic temperatures may be required,

ANSI/AWS A5.01, Filler Metal Procuremeni Guide-
lines, contains provisions for ordering such tests. This
section is included for the guidance of those who desire
to specify such special tests. Those tests may be con-
ducted as agreed upon between supplier and purchaser.

A8.1 Corrosion or Scaling Tests

A8.1.1 Although welds with electrodes in this specifi-
cation are commonly used in corrosion and heat-
resisting applications, tests for those propetties are not
included in the specification, When required for a par-
ticular application, tests can be conducted on specimens
taken from cither a weld pad or a welded joint, Speci-
mens from a joint are suitable for qualifying the welding
procedure (for a specific application involving corrosion
or oxidation resistance), but not for qualifying the
electrode.

Tests on specimens from a joint have the disadvantage
of being a combined test of the properties of the weld
metal, the heat-affected zone, and the unaffected base

l—
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metal, With them, it is more difficult to obtain repro-
ducible data (when a difference exists in the properties of
the metal in the various parts of the specimen). Speci-
mens taken from a joint have the advantage of being able
to duplicate the joint design and the welding sequence
planned for fabrication.

A8.1.2 Specimens for testing corrosion or oxidation
resistance of the weld metal alone are prepared by fol-
lowing the procedure outlined in 8.3 of the specification.
The pad size should be at lcast 3/4 in. (19 mm) in height
by 2-1/2 in. (65 mm) by [1 + 5n/8 in. (25 + 16n mm)]
where, “n” represents the number of specimens required
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from the pad. Specimens measuring 1/2 X 2 X 1/4 in,
(13 X 50 X 6.4 mm) are machined from the top of the pad
in a manner such that the 2 in. (50 mm) dimension of the
specimen is parallel to the 2-1/2 in. (64 mm) dimension
of the pad and the 1/2 in. (13 mm) dimension is parallel
with the length of the pad.

A8.1.3 The heat treatment, surface finish, and mark-
ing of the specimens prior to testing should be in accord-
ance with standard practices for tests of similar alloys in
the wrought or cast forms, The testing procedures should
correspond to ASTM, Recommended Practice G4 for
Conducting Plant Corrosion Tests.
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AWS Filler Metal Related Documents

AWS Designation ) 7 Title

FMC Filler Metal Comparison Charts

A4,2 Standard Procedures for Calibrating Magnetic Instruments to Measure the Delta Ferrite Content
of Austenitic Stainless Steel Weld Metal

A43 Standard Procedures for Determination of Diffusible Hydrogen Content of Martensitic,
Balmtlc, and Ferritic Steel Weld Metal Produced by Arc Welding

A501 Filler Metal Procurement Guidelines 7

AS.1 Specification for Covered Carbon Steel Arc Welding Electrodes

A5.2 Speciﬁcation for Carbon and Low Alloy Steel Rods for Oxyfuel Gas Welding

AS53 Specification for Aluminum and Aluminum Alloy Electrodes for Shiclded Metal Arc Welding

AS54 Specification for Covered Corrosion-Resisting Chromium and Chromium-Nickel Steel Welding
Electrodes )

AS5.5 Specification for Low Alloy Steel Covered Arc Welding Electrodes

A5.6 _ Specification for Covered Copper and Copper Alloy Arc Welding Electrodes

A5.7 Specification for Copper and Copper Alloy Bare Welding Rods and Electrodes

A58 Spéciﬁcation for Filler Metals for Brazing 7 7

A59 Specification for Corrosion-Resisting Chromium and Chromium-Nickel Steel Bare and Com-

- posite Metal Cored and Stranded Welding Electrodes and Welding Rods

AS5.10 Specification for Bare Aluminum and Aluminum Alloy ‘Welding Electrodes and Rods )

AS.11 Specification for Nickel andr Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding

AS5.12 Specification for Tungsten Arc Welding Electrodes

AS5.13 7 Sbeciﬁcation for Solid Surfacing Welding Rods and Electrodes

AS5.14 _ Specification for Nickel and Nickel Alloy Bare Welding Electrodes and Rods

AS5.15 " Specification for Welding Electrodes and Rods for Cast Iron 7

AS.16 Specification for Titanium and Titanium Alloy Welding Electrodes and Rods

AS.17 Specification for Carbon Steel Electrodes and Fluxes for Srubrmerged Arc Welding

AS.18 __ Specification for Carbon Steel Filler Metals for for Gas Shielded Arc Welding

AS.19 _ Specification for Magnesium Alloy Welding Rods and Bare Electrodes ,

AS5.20 Speciﬁcation for Carbon Steel Electrodes for Flux Cored Arc Welding

AS.21 Specification for Corhposite Surfacing Welding Rods and Electrodes

A5.22 Speciﬁcation for Flux Cored Corrosion—Resisting Chromium and Chromium-Nickel Steel

7 Electrodes )

A5.23 Specification for Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding

A5.24 Speciﬁcation for Zirconium and Zirconium Alloy Welding Electrodes and Rods

AS5,25 Specification for Consumables Used for Electroslag Welding of Carbon and High Strength Low

) Alloy Steels

A5.26 Specification for Consumables Used for Electrogas Welding of Carbon and High Strength Low
Alloy Steels

A5.27 Specification for Copper and Copper Alloy Rods for Oxyfuel Gas Welding

AS.28 Spécification 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 Speciﬁcatiéh for Consumable Inserts

For additional information, contact the Order Department, Amencan Welding Society, 550 N.W. LeJeune Road,
P.O. Box 351040, Miami, Flonda 33135,
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