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This standard specifies essential properties of materials used for resistance welding electrodes and related components,
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National 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 governmen-
tal 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 stand-
ard must be by agreement between the contracting parties.

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

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

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions is entrusted to appropriately qualified and competent personnel.

This standard may be superseded by the issuance of new editions.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

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

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

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

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Standards Development Division, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex
E). With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered.
These opinions are offered solely as a convenience to users of this standard, and they do not constitute professional
advice. 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 J1 Committee on Resistance Welding Equipment. It must be
reviewed every five years, and if not revised, it must be either reaffirmed 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 J1 Committee on
Resistance Welding Equipment and the author of the comments will be informed of the Committee’s response to the com-
ments. Guests are invited to attend all meetings of the AWS J1 Committee on Resistance Welding Equipment 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, 8669 NW 36 St, # 130, Miami, FL 33166.
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Foreword

This foreword is not a part of this standard, but is included for information purposes only.

Successful application of the resistance welding process involves accurate control of pressure, current and time. During
welding the electrodes are subjected to a variety of mechanical loads, high temperatures, and chemical interactions.
Specialized materials for resistance welding tooling have been developed over many years to deliver optimum perform-
ance, extended service, and cost effectiveness.

This standard builds upon the globally recognized material classification system described in the Resistance Welder
Manufacturers’ Association (RWMA) Bulletin 16, Resistance Welding Equipment Standards, last published in 1996. The
standard provides updated and expanded information useful to material and electrode manufacturers, distributors, and
end users.

This document describes common materials to facilitate identification and minimize variation. It is not intended to limit
the range of resistance welding products or processes in the marketplace.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary, AWS
J1 Committee on Resistance Welding Equipment, American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
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Specification for Materials Used in Resistance
Welding Electrodes and Tooling

1. General Requirements

1.1 Scope. This standard addresses common copper alloy and composite materials employed in the manufacture of
resistance welding electrodes, resistance welding dies, and related components such as adapters, holders, and structural
components of the welding circuit.

This standard addresses bar, rod (straight lengths and coils), plate, and casting forms of select materials. The standard
does not address material in sheet form.

The standard does not include all copper and copper base materials that may be applied in the construction of resistance
welding machines or tooling. Examples of materials not currently covered are: electrolytic tough pitch (ETP) copper,
brass, and bronze.

Unique, specialized, and new materials exist in domestic and international marketplaces and their absence here should
not be interpreted as a commentary on their suitability for a particular application.

1.2 Units of Measurement. This guide makes use of both the U.S. Customary Units and International System of Units
[ST]. The latter are shown within brackets [ ] or in appropriate columns in tables and figures. The measurements may not
be exact equivalents; therefore each system must be used independently.

1.3 Safety. Safety and health issues and concerns are beyond the scope of this standard and therefore are not fully
addressed herein. Safety and health information is available from the following sources:

American Welding Society:
(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes
(2) AWS Safety and Health Fact Sheets
(3) Other safety and health information on the AWS website
Material or Equipment Manufacturers:
(1) Safety Data Sheets (SDS), or Product Safety Data Sheets (PSDS), supplied by materials manufacturers.
(2) Operating Manuals supplied by equipment manufacturers
Applicable Regulatory Agencies

Work performed in accordance with this standard may involve the use of materials that have been deemed hazardous, and
may involve operations or equipment that may cause injury or death. This standard does not purport to address all safety
and health risks that may be encountered. The user of this standard should establish an appropriate safety program to
address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when devel-
oping the safety program.
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2. Normative References

The documents listed below are referenced within this publication and are mandatory to the extent specified herein. For
undated references, the latest edition of the referenced standard shall apply. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply.

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing, Soldering,
Thermal Cutting, and Thermal Spraying.

ASTM E478, Standard Test Methods for Chemical Analysis of Copper Alloys
ASTM EI18, Standard Test Methods for Rockwell Hardness of Metallic Materials

ASTM E1004, Standard Test Method for Determining Electrical Conductivity Using the Electromagnetic (Eddy-Current)
Method

ASTM B249 / B249M, Standard Specification for General Requirements for Wrought Copper and Copper-Alloy Rod,
Bar, Shapes and Forgings.

3. Terms and Definitions

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, provides the basis for terms and definitions used herein.
However, the following terms and definitions are included below to accommodate usage specific to this document.

age hardening. See precipitation hardening.

allowance(s). Additional material provided on casting and forging surfaces to ensure a minimum dimension or to permit
machining to the specified finish dimensions.

bar. A solid rectangular section, or one with two plane parallel surfaces and round or other simple regularly shaped edges.
Sometimes square, rectangular, or hexagonal bar.

certifications of compliance. A simple document stating the material complies with the purchase order requirements,
typically stating the quantity, date shipped, PO number, item description with reference to the applicable material
standard. Actual minimal properties may or may not be shown on a Certificate of Compliance.

cold working. The process of changing the form or cross-section of a piece of metal at a temperature below the
softening or recrystallization point, but commonly at or about room temperature. It includes rolling, drawing, pressing
and stretching.

composition report. A report of the actual composition of the material may be a purchase order deliverable. The values
presented shall be determined in accordance with ASTM E478.

copper alloy. Metal for which the specified minimum copper content is generally less than 99.3%, not less than 40%, and
having no other element specified in excess of the copper content.

copper composite. A material consisting of a refractory metal distributed in a copper matrix.

drawing. The process of pulling flat products, rod, wire, tube, shapes, etc. through a die. This effects a reduction in size
or change in shape of the cross-section and cold works the material.

electrolytic tough pitch (ETP) copper. 99.9% pure high conductivity wrought copper with a conductivity of 100%
IACS.

grain. A solid crystal consisting of groups of atoms bound together in a regular geometric pattern. In mill practice grains
are usually studied only as they appear in one plane.

hot working. The process of changing the form or cross-section of a piece of metal at a temperature above its recrystal-
lization temperature.

International Annealed Copper Standard (IACS). Standard conductivity of annealed copper where 100% conductivity
is defined as 58 MS/m at 68°F [20°C]. (MS/m = mega siemens/meter)
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material test report. A report including results of actual tests to this material standard for hardness and electrical con-
ductivity testing.

orange peel surface. Surface roughness resulting from deformation of large metal grains.
plate. A flat rolled product over 0.19 in [5 mm] in thickness and typically over 12 in [0.3 m] in width.

precipitation hardening. A process of increasing the hardness and strength by the precipitation of particles of a phase
from a supersaturated solid solution alloy. The hardening cycle usually consists of heating or annealing at a tempera-
ture sufficiently high to maintain solid solution, rapid cooling or quenching to retain the supersaturated solid solution
and subsequent heating at a temperature lower than the solution anneal to effect the precipitation.

refractory metal. High density metal having a melting point above 3600 °F [2000 °C] and high hardness at room
temperature.

resistance welding die, flash welding. A resistance welding electrode matching the contour of the workpiece to clamp or
shape the workpieces and conduct welding current.

resistance welding electrode. The part of a secondary circuit responsible for the transmission of welding current and
force to the workpieces. The electrode may be in the form of a rotating wheel, rotating roll, bar, cylinder, plate, clamp,
or modification thereof.

rod. A round, hexagonal or octagonal solid section furnished in straight lengths.

RWMA Class designation. A classification system established by the Resistance Welding Manufacturing Alliance to
identify copper alloys having similar mechanical and electrical properties.

sheet. A flat rolled product form up to and including 0.19 in [5 mm] in thickness and typically over 20 in [0.5 m] in
width.

softening temperature. The maximum temperature that, if maintained for 2 h, will result in a reduction in ambient
temperature hardness exceeding 15 % of the “as received” value.

temper designation. A standardized system for denoting the mechanical properties of metals.

4. RWMA Materials Classification System

The RWMA materials classification system is a simple means to identify materials having similar hardness and electrical
conductivity values. This system facilitates the identification of suitable materials for common welding applications. The
classification system does not address material chemical composition. The actual properties of particular materials, mate-
rial shapes and forms, and products may vary considerably from the minimum properties shown in Table 1.

4.1 Group Designations. Groupings are used to classify the materials according to their basic structure: alloys,
composites, and specialty materials.

4.1.1 Group A — Copper and Copper Alloys. Alloys gain their properties due to chemical interactions between
elements, granular structure resulting from heat treatment, and mechanical working (i.e., cold working or hot working).
The principal electrode wear mechanism for these materials is metal flow (i.e., mushrooming), which is accelerated by
exposure to temperatures above the softening temperature.

4.1.2 Group B — Refractory Metal and Refractory Metal Composites. The composites consisting of consolidated
refractory metal powders infiltrated with copper. The refractory metal gives the material thermal stability and hardness
and the copper serves to lock the matrix and improve the conductivity. Since the copper in the matrix has little strength,
it will allow the matrix to creep.

4.1.3 Group C — Specialty Materials. Dispersion strengthened copper incorporates aluminum oxide distributed in
the copper matrix to improve performance at elevated temperature.

4.2 RWMA Class Designations. Table 1 shows the Group and Class designation assigned to standard alloy designations.
Upon request, the J1 Committee will consider a new class designation when there is consensus that a copper alloy or
composite is of commercial significance.
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