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Abstract

This document presents standard test methods for evaluating the resistance spot welding behavior of automotive sheet
steels. The document contains a number of tests and test methods useful in determining the resistance spot welding per-
formance of coated and uncoated automotive sheet steels of all strength levels and compositions. The test methods are
designed to assess current range, electrode endurance, and weld properties of automotive sheet steels. The weld property
tests include tests for hold time sensitivity, weld hardness, shear tension strength, and cross tension strength.
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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 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.

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

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
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
published 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 revised, corrected through publication of amendments or errata, or supplemented by publication of
addenda. Information on the latest editions of AWS standards including amendments, errata, and addenda is posted on
the AWS web page (www.aws.org). Users should ensure that they have the appropriate edition, amendments, errata, and
addenda.

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.

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

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 (see Annex G). 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 D8 Committee on Automotive Welding. 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 D8 Committee on Automotive
Welding 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 D8 Committee on Automotive Welding 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.

iii



AWS D8.9M:2022

Personnel

AWS D8 Committee on Automotive Welding

H. Ghassemi-Armaki, Chair
A. Orr, Vice Chair
M. Diaz, Secretary

J. Beckham

D. Bellish

T. Coon

E. Cross

M. Gugel

F. W. Hunt

J. G. Hunt

D. R. Kolodziej
D. F. Maatz

J. S. Noruk

W. F. Qualls

R. Ruokolainen
J. Seaman

D. Sorenson
M. D. Tumuluru
Z. Wang

A. Young

General Motors (GM)

Ford Motor Company

American Welding Society

Fiat Chrysler Automobiles US LLC
Obara Corporation

Ford Motor Company

Meggitt Aircraft Braking Systems
US Steel

Hitachi Automotive Systems Americas
AET International

Ford Motor Company (Retired)

R & E Engineering Services

Servo Robot Corporation
Consultant

FCA USALLC

Edison Welding Institute

Entron Controls LLC

Consultant

ArcelorMittal R&D

KUKA Robotics

Adyvisors to the D§ Committee on Automotive Welding

W. H. Brafford
J. W. Dolfi

W. W. Doneth
D. L. Galiher

S. C. Kelley

D. P. Kelly

T. W. Morrissett

Consultant

Consultant

Fronius USA LLC

Tower International (Retired)
Arcelor Mittal Global R & D
Fusion Welding Solutions
Consultant

AWS D8D Subcommittee on Automotive Resistance Spot Welding

W. FE. Qualls, Chair
M. Diaz, Secretary
J. Beckham

D. Bellish

E. Biro

T. Coon

P. Edwards II

M. Gugel

D. F. Maatz

A. Orr

C. Orsette

E. Pakalnins

Consultant

American Welding Society
Fiat Chrysler Automobiles US LLC
Obara Corporation
University of Waterloo

Ford Motor Company

R & D for Joining Technology
US Steel

R & E Engineering Services
Ford Motor Company

Fusion Welding Solutions

R & E Engineering Services



AWS D8.9M:2022

AWS D8D Subcommittee on Automotive Resistance Spot Welding (Continued)

W. Peterson

D. Sorenson

M. D. Tumuluru
Z. Wang

A. Young

H. Zhao

United Technical
Entron Controls LLC
Consultant
ArcelorMittal R&D
KUKA Robotics
Adient

Advisors to the DS8D Subcommittee on Automotive Resistance Spot Welding

W. H. Brafford
M. Herbert

J. G. Hunt

D. P. Kelly

M. Kimchi

M. Kuo

T. Morrissett
T. Natale

N. Scotchmer
D. Spinella

W. H. Trojanowski
H. Zhang

vi

Consultant

General Motors (Retired)

AET International

Fusion Welding Solutions

Edison Joining Technology Center
Automotive Product Applications
Consultant

A K Steel Corporation

Huys Industries Limited

Arconic

FCA Metallic Materials Engineering
University of Toledo



AWS D8.9M:2022

Foreword

This foreword is not part of this standard but is included for informational purposes only.

Since its publication in 1997, the AWS D8.9 standard has been widely used by steel companies and automotive companies
alike to test the weldability of sheet steels for various automotive applications. This document evolved from the
Auto/Steel Partnership of the American Iron and Steel Institute’s publication, Weld Quality Test Methods Manual. The
AWS D8D Subcommittee, which includes members of the Auto/Steel Partnership’s Standardized Welding Test Method
Task Force, acknowledges the important contributions made by the Auto/Steel Partnership’s staff and members in the
development and revision of this document.

With the introduction of new advanced high strength steels into automotive production there is a strong need to test these
new steels. Therefore, a set of weld schedules has been added in this revision to address this need. Further, a new Design
of Experiments (DoE) test method has been included to examine the robustness of advanced high strength steels to
variations in welding parameters that typically occur under shop-floor conditions. The procedure outlined in the DoE
testing method has been validated at four independent testing laboratories.

This document not only contains test methods for evaluating the welding behavior of sheet steels, but also covers areas
essential to using these test methods in obtaining an accurate assessment of the material and its welding attributes.

Listed below are the key test methods described in this document:
* Sampling and characterization of test material

* Equipment setup and electrode installation

* Electrode conditioning and weld size stabilization

* Endurance (electrode life) testing

* Current level/current range testing

» Weld property testing

* Current break-through testing

* Design of experiments testing

The sampling and material characterization procedures, equipment setup and electrode installation procedures, and
electrode conditioning/weld size stabilization procedures are common to all test methods. In the endurance test, the
“endurance limit” (defined as the number of acceptable welds made during the test) is the key welding performance
measure that is determined by this test. Other welding behavior measures determined in this test are current levels and
current range. Weld button characteristics are assessed by destructive peel testing of weld samples.

The weld property tests are designed to determine hold-time sensitivity, weld button fracture mode, shear tension
strength, cross tension strength, metallurgical properties, and hardness of welds made with the test material. The weld
property testing is now required at two different weld sizes. Proper judgment should be exercised when interpreting the
results of the weld property tests on higher strength steels (such as those with ultimate tensile strength greater than 500
MPa), especially with tests run at the minimum weld size. Welds in such higher strength steels may show interfacial
fractures even at short hold times, especially at thicker gauges. The requirement to conduct the tests at the minimum
weld size is included to generate more complete information on the behavior of such steels. Fracture classification charts
have been added as an Annex D.

Current levels and current range are also determined during the weld property tests.
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The current break-through test is designed to evaluate the effects that sheet lubricants, conductive paints, or other surface
treatments have on the initiation of spot welding current and nugget formation. The types of tests to use shall be specified
by the party for whom the testing is to be performed. For some steels, all tests may be specified, while for others, only
one test may be specified.

It should be noted that not all of the above tests are required to establish the resistance spot welding behavior of a given
grade of steel. The current level/current range testing and weld property testing together generally provide a good indication
of the resistance spot welding behavior, whereas the DoE testing is intended to examine the robustness of a given grade
of high strength steel to variations in key process variables. The specific tests required to establish the resistance spot
welding behavior of a given grade of steel should be agreed upon by the steel supplier (or test laboratory) and the automotive
company (or buyer of the steel).

Users of this document have requested that subsequent updates to the document include provisions for the incorporation
of other types of welding equipment, electrode caps, and weld schedules than those provided in the document. The inclusion
of these alternative methods may permit the testing to be more customer-focused and allow for the determination of specific
material and welding performance issues as they relate to a particular manufacturing situation. A commentary and discussion
are provided in Annex E and are intended to serve as guidelines should the users of this document desire to utilize alternative
test methods for the weld characterization of sheet steels.

It should be noted that, as the weldability evaluation procedures in alternative methods deviate from the procedure
described in this document, they may add to the complexity and cost of the material evaluation. The type of evaluations
required, and any deviations required to perform them, should be agreed upon between the party for whom the testing is
to be performed and the testing laboratory.

Editorial and technical revisions from the previous edition are indicated by underlining text. Changes in tables and
figures have a single, vertical line in the margin.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS D8 Committee on Automotive Welding, American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
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Test Methods for Evaluating the Resistance Spot
Welding Behavior of Automotive Sheet Steel Materials

1. General Requirements

1.1 Scope. This document contains several standardized test methods designed to evaluate the resistance spot welding
behavior of coated and uncoated sheet steels in a laboratory environment. The test methods allow for uniform testing of
automotive sheet steels to determine the following:

(1) The effect of the interaction between a sheet steel’s coating (metallic, nonmetallic, or both) and the welding
electrodes on electrode deterioration and weld size/quality behavior over an extended number of welds

(2) Current levels and current range

(3) Mechanical properties of welds at different weld sizes and hold times

(4) Metallurgical and hardness properties of welds

(5) The effects of sheet lubricants, conductive paints, or other surface treatment on current break-through
(6) The robustness of a grade of steel to variations in key welding process variables

The test methods are intended for application in a laboratory environment to characterize certain aspects of the welding
behavior of sheet steel products under controlled experimental conditions. They are not intended to simulate produc-
tion welding practices or to predict welding performance of a given grade of steel in production operations. The
test methods and parameters are designed to be used for sheet steels ranging in thickness from 0.5 mm to 4.0 mm. The
tests may be used for sheet steel materials of all yield strengths typically used in automotive applications. In the endur-
ance test, a minimum of two tests per material is recommended to obtain an accurate assessment. The endurance test was
developed for low strength (tensile strength less than or equal to 300 MPa) coated steels of lighter gauges. This test is
normally used for coated steels with tensile strength less than or equal to 500 MPa and gauges less than 1.2 mm. The
weld property tests are designed primarily for gauges of 1.2 mm and heavier.

The specific type and number of tests required shall be at the discretion of the specifying party. While the test methods
were developed to compare the welding behavior of different steel grades, they can be judiciously applied to evaluate
other aspects of welding behavior. Not all of the above mentioned tests are required to establish the resistance spot
welding behavior of a given grade of steel. The current level/current range testing and weld property testing together
generally provide a good indication of the resistance spot welding behavior, whereas the DoE testing is intended to
examine the robustness of a given grade of high strength steel to variations in key process variables.

The specific tests required to establish the resistance spot welding behavior of a given grade of steel should be agreed
upon by the steel supplier (or test laboratory) and the automotive company (or buyer of the steel).

A commentary is provided in Annex E on alternative test methods and is intended to serve as a guide should the users of
this document desire to utilize alternative test methods for the weld characterization of sheet steels. Because the
weldability evaluation procedures in alternative methods deviate from the procedure described in this document, the use
of the alternative test methods may add to the complexity and cost of the material evaluation. The type of evaluations
required, and any deviations required to perform them, should be agreed upon between the party for whom the testing is
to be performed and the testing laboratory.

Resistance spot welding behavior is dependent upon a wide variety of interacting material and weld process factors. To
obtain repeatable and reproducible performance data, it is imperative that all experimental variables and the way a test is
conducted be closely controlled. Therefore, the instructions for the various sampling and testing procedures in this man-
ual are stated in mandatory language and should be followed as closely as possible. Deviations from the prescribed pro-
cedures or test methods, permissible with the consent of the party for whom the testing is performed, have to be noted
and reported.
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