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AWS D8.14M:2008

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 govern-
mental 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 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
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 are 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, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL 33126 (see Annex D).
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 required 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, 550 N.W. LeJeune
Road, Miami, FL 33126.
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Foreword

This foreword is not part of AWS D8.14M:2008, Specification for Automotive Weld Quality—
Arc Welding of Aluminum, but is included for informational purposes only.

This specification supersedes D8.14M/D8.14:2000, Specification for Automotive and Light Truck Components Weld
Quality—Aluminum Arc Welding, and was revised and enhanced by the D8C Subcommittee on Automotive Arc Weld-
ing of the AWS D8 Committee on Automotive Welding. This edition makes sole use of the International System of
Units (SI).

Recent changes in automotive design caused by the desire to reduce fuel consumption have resulted in new automotive
structures being made of aluminum. This specification was undertaken to prepare minimum standards for manual, auto-
matic, and robotic arc welding of aluminum components associated with the body and supporting structural members
such as body panels, bumpers, frames, space frames, cradles, wheels, drive shafts, and suspensions.

One objective of the committee was to prepare a specification that could be used by smaller suppliers of automotive
components, who generally have no standards of their own for minimum arc welding quality.

All revisions to the 2000 edition are identified by a vertical line in the margin next to the text.

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, 550 N.W. LeJeune Road, Miami, FL 33126.

vil
Copyright American Wélding Society
Provided by IHS under.license with AWS Licensee=University of Texas Revised Sub Account/5620001114

No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:59:06 MDT



AWS D8.14M:2008

This page is intentionally blank.

Vil
Copyright American Welding Society

Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:59:06 MDT



AWS D8.14M:2008

Table of Contents

Page No
POTSONIEL ...ttt ettt ettt st s bttt et et e bt s ht e e bt e s at e e bt e e bt e bt e e ae e s b e saeeeaeenbee s \
FOFP@WOT ...ttt e h et a et ettt ht e s bt e a e bt et e s bt e et e bt et e bt e st e bt et e enes vii
LEST OF TADIES .ottt ettt et et e e et e et e e e at e e e e aste e s aat e e e st e e e abeeeassteeeabbeesanteesnbee e ateeeanneas X
LEST Of FUQUEES.cneeeeeeeeeeeeee ettt ettt e e et e e et e e et e e et e e e aa e e e eabteeeasteesaaee e e st ee e abeeeassteeeabaeesantaesnsbaeannseesanneas X
B T 1+ Y TSR P 1
2. Normative ReFEIeIICES .............cooiiiiiiiiiiiie ettt b ettt e st eat e bt e tesbeeseenbeeneenbeans 1
3. Terms and Definitions............ccoooiiiriiiiiiiiiiiiii ettt ettt ettt e aen 1
A, General PrOVISIONS ...........cooiiiiiiiiiiiii ettt ettt e b et e at e st eat e bt et e sbeesbenbeenaesaeans 2
E o BN o) o) 1 o713 (o) s WO OO OO OO OO OO OSSOSO PO OUSRRPO 2
4.2 WELAING PIOCESSES ....ceveiuiitieiieitieitet ettt ettt ettt h et b et e bt et e bt et s atenbesbeenbe s st e tesbeenteebeeneeeueeneeene 3
E O B\ 1 (< 4 : | OO OO OO OO OO OSSOSO POTURT RPN 3
4.4 Surface Condition Of AITUMINUIML.......cotiitiiiireiiee ettt sttt b et s be e e bt e e e be et e eaeeeeeaee 3
4.5 JOINE CONSIACTALIONS . ..c..eeutieiieiteeiteiteeitet ettt ettt ettt et esbe et e s bt ebte bt e et e et e eate bt eatesbeeatesae et enteebeenteebeenteeneeneesaee 3
4.6 Welding EQUIPIMENL ......coouiiiiiiiiieiieieee ettt ettt b ettt et e bt et esbeeseesaeetesaeebe e beebeeteeseeneeeaee 3
4T WELdING PrOCEAUIE .......eouiiiiiiiitieiiiieee ettt et s a et st esb e s et e s be st e teebe e e e bt enteeseeeeeae 3
4.8 FAILET MIELALS ...ttt s b et b et bt et e s bt et e s bt e b e bt e b e s bt et e e bt e e bt et e eaee e eae 3
4.9 SHICIAING GASES.....eevirtirititeiiiieitetiettet sttt ettt ettt sttt sa ettt eat bt e bt e bt sb b se s e e ess et eateaeebesaesaenen 3
4,10 WeLding SYMDOLS.......coiuiiiiiiiiiet ettt ettt et a et s bt et e bt e be s bt e teebeenbeebeenteeaeeneesae 3
4.11 Types of Weld Joints and Applicable Welds.........cc.coeeriiieniiirieiieeeee ettt 3
4.12 Classification Of WELAS .....cccueiuiiiiiiiieiiete ettt st b et st et et e bt et e saeemeesaee 5
5. REQUETEINEIILS .........ooouieiieeieiieiieteetete et et e et e te st esseseessesseessesseessesseessesssensessaenseessenseassesssansesseensessennsensennsensenns 7
ST WEIA LENGZHN ettt ettt st e st e st e e s bt e et e e bt e bteeabeebtesabeesaeesnteesatesabeenne 7
5.2 WELd LOCALION. ...c..eeuiiiieiiiiieiieeit ettt sttt ettt ettt st et e s e sbe et et e et e saeesnesaeentesaeennenneen 7
5.3 WELA SHZE .ttt ettt ettt st st h e bt ettt ae et sae et st ennenaeen 7
5.4 WEI QUALTEY ..ottt ettt st et sttt e bt e st e s abe e s s be st e e sbeesabeenbeesabeesbeansbesabeesaeesateesatenaseenne 9
5.5 Rework of DiSCrepant WELdS .........cocuiiriiiiiiriiiiieitete ettt ettt et e sae e st e sbeebeesetesseenaee s 11
Annex A (Informative)—Aluminum Filler Alloys for Arc Welding of Automotive Components ..............ccceeuee.... 13
Annex B (Informative)—Methods to be Used for the Rework of Discrepant Welds ..........ccccoeeevinieneniencnienennen. 15
Annex C (Informative)—Informative References..........c.cocooviiieiiiiiiiiieiiicee e et 17
Annex D (Informative)—Guidelines for the Preparation of Technical INQUITI€s ........cccccceverirereniineeieiieenineneee 19
List of AWS Documents on AUtOmMOtIVE WEIAING.....cccueerviiriiiiiiiiiiiieie ettt ettt e st e e e saee s 21

1X
Copyright American Welding Society

Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:59:06 MDT



AWS D8.14M:2008

List of Tables

Table Page No
1 Aluminum Filler Metal Selection Guide for Structural Automotive Components.............cccceeeereerueenuennenne 4
2 Weld Evaluation Cross SECtion REPOIT ........coouiiuiiiiiiiiiiiniees ettt st 10
A.l SHEAT SIENZLN ...ttt et b et s b e et e bt b et e bt e bt e st e sbe et e s bt enbesbeennenbene 13

List of Figures
Figure Page No
1 Minimum Acceptable Leg Length Requirements in a Lap JOINt........cccoovenirieniniiniineeecceeceeee, 1
2 Examples of Discontinuities Found in Arc Welds.........coccoiieiiririiniiiinee et 2
3 Example of Notching at End of Weld.........oooiiiiiiieeee ettt e 2
4 Suck-Back in Sheet Fillet Weld.......c.ccooiiiiiiiiiiiniieeieteeeeeeeeese ettt s e 2
5 Suck-Back in Overhead Groove Weld...........cocooiiiiriiniiniiiiieiiiienteieseseetetceceet et 2
6 Minimum Weld Flange Dimensions for Lap Welds..........cccoeieiiriiniiiinineeeeeeeeeecee e 3
7 Convex Fillet Weld MEASUIEINENL ......cc.coueruerieieieieieiieieeieeteee sttt ettt sttt sse sttt besae e esaenee 5
8 Single V-Groove Weld—Partial Joint Penetration ............c.cceeererieriinieninienieneeiesiteieseeeei e 5
9 FIare-V-Groove WEId .........ccccovirimiiniiniiiiieieieteee sttt ettt ettt st sttt sttt bt be e sae st nnens 5
10 Flare-Bevel-Groove WEld...........cciviiiiiniiiiieiiiniinniseesetete ettt sttt ettt et ettt 5
11TA  Arc Plug Weld Profile——COnVEeXItY ......cooirieiiiiiieitieiet ettt ettt et sb et be et eseesae e e saeeaesaean 6
11B Arc Plug Weld Profile—Depth Of FUSION........coiiiiiiiiiiiiiieiee ettt 6
11C  Arc Plug Weld Profile—Depth of Fill........c.coiiiiiiiiiiiiee ettt s 6
11D ATC PIUZ WEld GEOMELIY ...ecueitieiiitieieiieeie ettt ettt ettt ettt st sh et b e et e s b e eat e bt e besbe e st enbeentesbeesaebeas 6
12 Single Fillet Weld 10 @ SIOT.....cc.coiuiiiiiiieieeteee ettt sttt sttt et sae e be st e nbesbeenbeas 6
13 Double Fillet Weld i @ SIOT ....c..eviiiieiiieieieiirientieesereetet ettt st eve bbb e saens 7
14 Convex and Concave FIllet WEldS..........cooiviiiriiriiniiniiiiieieieine ettt e 8
15 GIOOVE WEIA SIZE ...ttt et st sttt a et sae b e b s e e e e 9

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

X

Licensee=University of Texas Revised Sub Account/5620001114
Not for Resale, 08/29/2012 23:59:06 MDT



AWS D8.14M:2008

Specification for Automotive Weld Quality—
Arc Welding of Aluminum

1. Scope

The purpose of this specification is to provide the mini-
mum acceptance criteria for arc welding of various types
of structural automotive parts made of aluminum for pas-
senger cars, light trucks, and other types of vehicles.

This standard makes sole use of the International System
of Units (SI).

Safety and health issues may not be fully addressed by
this standard. Users of this standard should consult ANSI
749.1, Safety in Welding, Cutting, and Allied Processes,
applicable federal, state, and local regulations and other
relevant documents concerning safety and health issues
not addressed herein.

2. Normative References

The following standards contain provisions which,
through reference in this text, constitute mandatory pro-
visions of this AWS standard. For undated references,
the latest edition of the referenced standard shall apply.
For dated references, subsequent amendments to, or revi-
sions of, any of these publications do not apply.

AWS documents:!

AWS A3.0, Standard Welding Terms and Definitions,
Including Terms for Adhesive Bonding, Brazing, Solder-
ing, Thermal Cutting, and Thermal Spraying; and

AWS A5.10/A5.10M, Specification for Bare Aluminum
and Aluminum-Alloy Welding Electrodes and Rods.

1" AWS documents are published by the American Welding
Society, 550 N. W. LeJeune Road, Miami, FL 33126.

3. Terms and Definitions

All of the terms in this clause are used in various parts of this
document and require definitions for correct interpretation
of the instructions. Most of these terms are not contained
in AWS A3.0, Standard Welding Terms and Definitions,
Including Terms for Adhesive Bonding, Brazing, Solder-
ing, Thermal Cutting, and Thermal Spraying. Some of
the terms are listed in AWS A3.0 but their definitions
have been enhanced to clarify their use in this document.

discrepant weld. A weld differing from the require-
ments of this standard. Even though this weld differs, it
still may have useful engineering properties.

effective weld length. That portion of a weld meeting all
the minimum acceptance requirements of the specification.

gap. The distance or air space between two base compo-
nents (see Figure 1). Note: For butt weld joints, this dis-
tance can be referred to as the root opening.

meltback. This occurs where the base metal melts back
from an edge, but does not become part of the weld. This
condition leaves a void between the weld deposit and the
base metal (see Figure 2).

Ti7

P R

L eap

Minimum Acceptable Leg Lengths:
L1 =0.9 T1
L, =0.9 Ty + GAP

T4 = Thickness of
thinner sheet

Figure 1—Minimum Acceptable Leg
Length Requirements in a Lap Joint
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MELTBACK

Figure 2—Examples of Discontinuities Found in Arc Welds >

notching. Gouging of the base metal at the ends or edge 4
of the welded joint (see Figure 3).

skip. An unwelded portion of a designated weld (see
Figure 2).

suck-back. A concave surface on the side of the base
metal opposite the point of weld metal application. This is

illustr.ated in Figures 4 and.S.. Note: AWS I.A3.0, Standard SUCK-BACK /

Welding Terms and Definitions, Including Terms for \)

Adhesive Bonding, Brazing, Soldering, Thermal Cutting, —

and Thermal Spraying, refers to suck-back as “a non- % #

standard term when used for underfill at the root surface.”

.. Figure 4—Suck-Back in Sheet Fillet Weld
4. General Provisions

4.1 Application

SUCK-BACK
4.1.1 This specification is applicable to the design and /_
manufacture of passenger car, light truck, and similar % /V\ +
vehicle structures when specified on engineering drawings.
\_—_/

Figure 5—Suck-Back in
Overhead Groove Weld

4.1.2 Any requirements deviating from the limits of
this specification shall be designated on the engineering
drawings.

4.1.3 If any conflict occurs between specified require-
ments herein and those specified on the engineering
drawings, the latter has precedence.

2See AWS A3.0, Standard Welding Terms and Definitions,
Including Terms for Adhesive Bonding, Brazing, Soldering, Ther-

Figure 3—Examples of
NOtChing at End of Weld mal Cutting, and Thermal Spraying, for information on cracks.

2
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4.2 Welding Processes. This specification covers quality
requirements for welds made by the gas metal arc weld-
ing (GMAW), plasma arc welding (PAW), and gas tung-
sten arc welding (GTAW) processes.

4.3 Material. This specification covers the arc welding
of aluminum extrusions, castings, forgings, sheet, and
plate material.

4.4 Surface Condition of Aluminum. The surface of the
aluminum part in the weld area at the time of welding
should be free from corrosion products, thick oxide,
hydrated oxide, paint, lubricants, and other contaminants
adversely affecting the quality. Prior to arc welding, the
joint area should be free of detrimental condensation,
hydrocarbon films, and oxides.

(1) Hydrocarbon films can be removed by an alkaline
solution, vapor degreasing, or solvent wiping.

(2) Abrading with a stainless steel wire brush can be
used to remove oxides to minimize weld metal porosity
and ensure adequate joint fusion.

4.5 Joint Considerations

4.5.1 Automatic and robotic arc welding require con-
sistent part fitup and joint locations to achieve consistent
weld quality. To ensure proper joint fit, all parts should
be fabricated, positioned, and held in place (e.g., fixtur-
ing) for maximum weld quality.

4.5.2 Maximum allowable joint gap for specific joints
is determined by the structural performance required in
service and the ability to accommodate the gap during
welding. The maximum allowable weld joint gap
between adjacent members less than 4 mm in thickness
should be one-quarter the thickness of the thinner mem-
ber or 1 mm, whichever is less. In the case of heavier
gauges above 4 mm, the gap should not exceed 1.5 mm.
The gap values listed above are the maximum allowable
because tighter restrictions may be needed depending on
the welding process and joint configuration used. Larger
gaps than specified can adversely affect weld geometry,
quality, and structural performance, i.e., fatigue life,
strength.

4.5.3 On lap weld joints, the edge trim should leave
adequate material to allow for a 1T-leg (T = thickness of
the minimum weld flange) fillet weld. See Figure 6 for
acceptable weld flange based on thickness.

4.6 Welding Equipment. Welding equipment meeting
the specified welding process requirements should be
used. Prior to use in production, the welding equipment
should be tested and qualified for the specified structure.
Failure to do so may result in welding difficulties in pro-
duction, e.g., poor weld quality or equipment problems.
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—| 4

e wr

T (Sheet Thickness) WF (Minimum Weld Flange)

mm mm
Less than 4 10
4106 T+ 4 (min 11 mm)

Greater than 6 T+6

Figure 6—Minimum Weld Flange
Dimensions for Lap Welds

4.7 Welding Procedure. Welding Procedures should be
qualified to demonstrate the ability to reliably produce
welds on production parts over a specified range of vari-
ables. Requirements for welding procedure qualification
should be specified by the Purchaser in the Contract
Documents. In the absence of such requirements, weld-
ing procedures should be qualified in accordance with a
nationally recognized Code. The Purchaser is encour-
aged to accept welding procedure qualifications per-
formed in accordance with AWS B2.1, Specification for
Welding Procedure and Performance Qualification, or
AWS D1.2/D1.2M, Structural Welding Code—Aluminum.

4.8 Filler Metals. Filler metals shall conform to the
requirements of AWS AS5.10/AS5.10M, Specification for
Bare Aluminum and Aluminum-Alloy Welding Elec-
trodes and Rods. Table 1 is the list of aluminum filler
metals for use with each base metal alloy. See Annex A
for a guide for the selection of a filler alloy.

4.9 Shielding Gases. The shielding gas for welding alu-
minum should be argon, helium, or a mixture of argon
and helium. The shielding gas should be of a welding
grade per AWS A5.32/A5.32M, Specification for Weld-
ing Shielding Gases.

4.10 Welding Symbols. Welding symbols on product
drawings should be those in the latest edition of AWS
A2.4, Standard Symbols for Welding, Brazing, and Non-
destructive Examination. All weld symbols on the engi-
neering drawing should be approved by the engineering
authority. Special conditions and symbols shall be fully
explained by added notes or details.

4.11 Types of Weld Joints and Applicable Welds
(1) Fillet weld (see Figure 7)

(2) Square-groove weld
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Table 1
Aluminum Filler Metal Selection Guide for Structural Automotive Components
For Welding Al-Si Al-Mg
These Alloys > 6005 Castings Castings
6005A
6016 6009 511.0
To 6063 6010 512.0
These 6082 6111 513.0 7003
Alloys 50522 5182 6116 6016 356.0 514.0 7004
¥ 2036 54542 5754 6463 6022 319.0 443.0 535.0 7005
7003, 7004, 7005 4043 40432 5356 4043 4043 4043 4043 5356 4043
4145 5356 5356 5356 4145 4145 5356
5554
Al-Mg Castings NR 5356 5356 5356 5356 4043 NR 5356
511.0, 512.0, 513.0,
514.0, 535.0
356.0 4043 40432 NR 4043 4043 4043 4043
443.0 4145 5554 4145 4145 4145 4010
Al-Si
Castings 4043 4043 4043 4043 4043 4043 4043
319.0 4145 5554 4145 4145 2319 4145
2319
6009, 6010, 6111 4043 4043 5356 4043 4043
6016, 6022 4145 5356 5356 5356
5554
6005, 6005A, 4043 40432 5356 4043
6115, 6063, 4145 5356 5356
6082, 6016, 6463 5554
5182, 5754 NR 5356 5356
50522, 54542 NR 5356
4043
5554
2036 4043
4145
2319
) Filler alloy 4043 may be used for base alloy 5052 but is not recommended for base alloy 5454. Filler alloy 5554 is recommended for base alloy 5454
for sustained elevated temperature service.
Notes:
1. NR = Not recommended.
2. Filler alloy 4047 may be interchanged with 4043 filler alloy.
3. Filler alloy 5356 may be replaced by 5183 or 5556 for improved shear strength.
4. Filler alloys 5356, 5185, and 5556 are not recommended for sustained elevated temperature service above 66°C; filler alloy 5554 may replace these
filler alloys for sustained elevated temperature service.
5. AWS filler metal classifications prefix letters “ER” and “R” have not been included.
6. Filler metal selection should be based on performance criteria (reference Annex C).
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Source: Adapted from AWS A3.0:2001, Standard Welding Terms
and Definitions, Figure 25, American Welding Society.

Figure 7—Convex Fillet Weld Measurement

Figure 9—Flare-V-Groove Weld
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(3) V-groove weld (see Figure 8)
(4) Bevel-groove weld

(5) U-groove weld
(6) J-groove weld

(7) Flare-V-groove weld (see Figure 9)

(8) Flare-bevel-groove weld (see Figure 10) /\/ \/\
(9) Plug weld (see Figures 11A, B, C, and D) A—DEPTH OF FUSION
(10) Single fillet weld in a slot (see Figure 12) E;:égggé'lfw\\//vgl\;\I/DEESgZE
(11) Double fillet weld in a slot (see Figure 13) IE:'(I;I?ENS/FE)E('II:II-EAL WELD FACE
|—FUSION FACE

4.12 Classification of Welds. Safety, critical, federal,
structural, and process welds should be designated on the
Engineering Drawing.

Figure 10—Flare-Bevel-Groove Weld
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Figure 11A—Arc Plug
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Figure 11B—Arc Plug Weld
Profile—Depth of Fusion
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Figure 11C—Arc Plug Weld
Profile—Depth of Fill
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TOP DIAMETER (T.D.) = H.D. + 3 mm (MIN.)
HOLE DIAMETER (H.D.) = 5 x Ty (MIN.)
INTERFACE DIAMETER (I.D.) = 4xT; (MIN., IF T,—T; < [Ty x1.5])

Figure 11D—Arc Plug
Weld Geometry
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Metal Minimum Minimum
Thickness Slot Width (W) Slot Length (L)
mm mm mm
0.7-3 10 25
Over 3-5 13 32

Figure 12—Single Fillet
Weld in a Slot
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Figure 13—Double Fillet Weld in a Slot

5. Requirements
5.1 Weld Length

5.1.1 Unless specifically noted on engineering draw-
ings, the effective weld length shall not be less than 90%
of the specified weld length.

5.1.2 Any portion of a weld not meeting the individ-
ual quality requirements shall not be included in the
effective weld length.

5.1.3 Welds may be permitted to be longer than speci-
fied, providing the part configuration remains functional,
meets targeted dimensional tolerances and satisfies the
performance specifications. For welds 300 mm and over
in normal or noncritical locations, an additional 13 mm
per 300 mm of weld is permissible.

5.2 Weld Location

5.2.1 Any portion of the weld off-seam or off-joint
shall not be included in the effective weld length.

5.2.2 Where a specified weld start or stop location is
given, the start or stop points of the weld shall be within

7
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6 mm of those shown on the drawing for welds under
150 mm and within 13 mm for welds over 150 mm.

5.3 Weld Size
5.3.1 Fillet Welds

5.3.1.1 Fillet weld size should be determined by
engineering and stated on the drawing. The actual weld
size is governed by 5.3.1.3 and 5.3.1.2. Figure 7 identi-
fies the nomenclature which describes the cross section
of a T-fillet. Figures 14A and 14B illustrate both convex
and concave fillet welds in lap joints.

5.3.1.2 The length of the legs of a fillet weld on
each side of the joint determines the fillet size and shall
conform to the following dimensions:

(1) The minimum leg size shall be equal to 90% of
the thickness of the thinner material being welded.

(2) When gaps are present, the leg shall be increased

Metal Minimum Minimum by the width of the gap (see Figure 1).
Thickness Slot Width (W) Slot Length (L)
mm mm mm 5.3.1.3 The weld throat thickness shall conform to
0.7-3 13 25 the following:
Over 3-5 16 32

(1) The minimum measured effective throat thick-
ness shall not be less than 60% of the thinner material
being welded (see Figure 7).

(2) When applicable, convexity limits shall be speci-
fied. Concavity will be limited by throat requirements
(see Figure 14B).

5.3.2 Welds in Butt Joints

5.3.2.1 Butt Joints. Applicable butt joint welds are
as follows:

(1) Square-groove welds

(2) V-groove welds

(3) Bevel-groove welds

(4) U-groove welds

(5) J-groove welds

(6) Flare-V-groove welds
(7) Flare-bevel-groove welds

5.3.2.2 The effective weld size shall be equal to the
thickness of the thinner material being joined unless oth-
erwise specified.

5.3.2.3 No limit should be set on the height of the
weld reinforcement if all other provisions of this specifi-
cation are satisfied and the part remains functional (see
Figure 15).
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Source: Reproduced from AWS A3.0:2001, Standard Welding Terms and Definitions,
Figure 25—Weld Sizes, American Welding Society.

Figure 14—Convex and Concave Fillet Welds
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Figure 15—Groove Weld Size

5.3.2.4 Weld size and definitions for flare-bevel-
and flare-V-groove welds should be used as shown in
Figures 9 and 10.

5.3.3 Plug and Slot Welds

5.3.3.1 Depth of Fill. The effective depth of fill
shall be the thickness of the thinner material being joined
(see Figure 11C).

5.3.3.2 Weld Profile. The weld profile shall con-
form to the following provisions:

(1) The maximum reinforcement shall not exceed
3 mm, unless otherwise specified on the drawing (see
Figure 11A); and

(2) Any underfill requirement shall be specified on
the drawings (see Figure 11C).

5.3.3.3 Weld Dimensions. The following mini-
mum dimensions should be observed when welding plug
and fillet welds in slot welds:

(1) Plug Welds. The top diameter (weld size) should
be at least 3 mm larger than the hole size. The interface
diameter (weld size) should be at least four times T},
where T, is the thickness of the thinner material being
welded (see Figure 11D). The hole should be five times
T, diameter if the hole is in the thinner member and the
thickness differential is less than one and a half times T.
All other combinations should be experimentally quali-
fied prior to production.

(2) Fillet Welds in Slot. Single-side fillet welds in
slots on material thicknesses of 3 mm, or less, should
have a slot width of at least 10 mm and a minimum weld
length of 25 mm. Material thicknesses over 3 mm for
single-side slot welds should have a minimum slot width
of 13 mm and a minimum weld length of 32 mm (see
Figure 12). Double-sided fillet welds in slots on material
thicknesses of 3 mm or less, should have a slot width of
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at least 13 mm and a minimum weld length of 25 mm on
each of the two sides of the slot. Double-sided fillet
welds in slot on material thicknesses over 3 mm should
have a slot width of at least 16 mm and a minimum weld
length of 32 mm on each of the two sides of the slot (see
Figure 13).

5.4 Weld Quality. Weld quality can be determined by
visual and/or metallographic inspection of a cross sec-
tion. See Figure 2 for arc weld discontinuities. See Table
2 for an example of a cross section report. Unless other-
wise specified, the following discontinuities shall not be
permitted in welds:

5.4.1 Undercut. A weld is discrepant if the parent
metal is undercut by more than 0.1T of its thickness for
more than 20% of the length of weld or within the first
13 mm of the ends of the welds.

5.4.2 Craters. Weld craters shall not be considered a
part of the designated weld length unless the crater meets
all the requirements of an acceptable weld.

5.4.3 Cracks. Cracks shall not be permitted in the
effective weld length unless allowed by the engineering
drawing.

5.4.4 Porosity and Inclusions

5.4.4.1 Surface Porosity. Individual pores, sepa-
rated by at least their own diameter, and other scattered
surface porosity shall be permitted. The total length of
porosity (sum of diameters) shall not exceed 6 mm in any
25 mm of weld. The maximum pinhole diameter shall
not exceed 1.6 mm.

5.4.4.2 Internal Porosity and Inclusions. Internal
porosity and inclusions shall not exceed 15% of the area
of the weld being examined.

5.4.5 Burn-Through. Holes caused by melting
through the base metal shall not be permitted.

5.4.6 Meltback. Meltback in lap fillet welds shall not
exceed the material thickness at top and shall decrease to
zero at the root of the joint (see Figure 2). Complete
fusion shall be obtained at the root of the joint.

5.4.7 Notching. Notching or gouging of the base
metal at the ends or at the edge of the joint shall not be
permitted (see Figure 3).

5.4.8 Root Concavity. A concave root surface (suck-
back) on the side of the base metal opposite the weld
metal shall be permitted. This concavity shall not exceed
0.1T of its thickness, and reinforcement shall be added to
the weld with a height equal to the concavity dimension.

5.4.9 Depth of Fusion. Metallographic sampling shall
be used to determine weld fusion in all welds. Depth of
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fusion at its deepest point must be greater than or equal
to 5% of the material thickness being welded for all joint
types not covered in 5.4.10.

5.4.10 Combination of Discontinuities. The pres-
ence of more than one of the above discontinuities in any
weld shall not be permitted if any one of the evaluated
discontinuities (inclusions, undercut, porosity, or melt-
back) is at the maximum permissible limit.

5.4.11 Metallographic Sampling. Metallographic
sampling shall be used to determine weld fusion to side

11
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walls of fillet welds in holes, slot welds and flared joints,
and depth of fusion in arc spot, plug, slot welds, and
welds in holes and slots. Minimum side wall fusion shall
be 0.1T (min) and depth of fusion on bottom plate shall
be 0.2T (min).

5.5 Rework of Discrepant Welds. A procedure agreed
upon by the customer and supplier shall be used for the
rework of discrepant weld(s). For information on rework
of discrepant welds refer to Annex B, Methods to be
Used for Rework of Discrepant Welds.
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Annex A (Informative)

Aluminum Filler Alloys for
Arc Welding of Automotive Components

This annex is not part of AWS D8.14M:2008, Specification for Automotive Weld Quality—
Arc Welding of Aluminum, but is included for informational purposes only.

Often it is possible to weld one specific aluminum base
alloy with a number of different filler alloys. In order to
select the most appropriate filler alloy for a particular
application, we must understand the various filler alloys
and their potential performance characteristics. Such
characteristics are: ease of welding/crack sensitivity,
strength of welded joint, ductility, corrosion resistance,
sustained temperature service, color match, and ability to
respond to postweld heat treatment.

The selection of a filler alloy for welding aluminum,
whether it is for manual, semiautomatic, hard automation,
or a robotic welding application, must be based on the
welded component’s performance requirements and the
completed component’s operating conditions.

The following are some common considerations for the
selection of a filler alloy:

Al. Ease of Welding

This is the relative freedom from weld cracking. By use
of solidification cracking sensitivity curves for the vari-
ous aluminum alloys, and through the consideration of
dilution between filler alloy and base alloy, it is possible
to estimate the filler alloy/base alloy crack sensitivity
and probability rating. A good example of an alloy’s
effect on crack sensitivity is the 6xxx series base alloys.
Base alloy 6061, for instance, if GTAW welded, should
not be welded autogenously (without filler material) as
the chemical composition of the base martial is such that
it will usually crack during solidification. Filler alloy of a
different chemical composition than the base alloy must
be used in order to dilute the base alloy chemical compo-
sition and thereby reduce the crack sensitivity. This is the
reason why we do not see a 6xxx series filler alloy.
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A2. Strength of Welded Joint

The tensile strength of groove welds and shear strength
of fillet welds are considered when welding with differ-
ent filler alloys. Typically, in aluminum, the as-welded
transverse tensile strength of a groove weld is controlled
by the condition of the heat-affected zone of the base
material. The condition of the HAZ is the fully annealed
strength of the base alloy in the case of the nonheat-
treatable alloys and wusually the partially annealed
strength in the case of the heat-treatable alloys. However,
the filler alloy and not necessarily the condition of the
base alloy largely determine the shear strength of a fillet
weld. The typical shear strength properties of the various
filler alloys are quite different and can be seen in Table
A.l.

Table A.1
Shear Strength

Minimum Shear Strength of Fillet Welds

Longitudinal Shear Transverse Shear

Filler Alloy Strength (MPa) Strength (MPa)
1100 52 52
2319 110 110
4043/4047 79 103
4643 93 138
5183 128 193
5356 117 179
5554 103 159
5556 138 207
5654 83 124
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A3. Ductility

This is a consideration when forming operations are to be
used after welding and it is a design consideration for
service. Typically, the 5xxx series filler alloys will have
improved ductility characteristics over that of the 4xxx
series.

A4. Corrosion Resistance

This is the consideration of the environmental service
conditions of the weld. It is not a major consideration for
normal operating environments but can be of major
importance when operating in corrosive chemical envi-
ronments. There are some aluminum base alloys and
filler alloys designed for specific chemical applications.

AS. Sustained Temperature Service

The reaction of some filler alloys and base alloys at sus-
tained elevated temperatures may promote premature
component failure due to stress corrosion cracking. Tem-
perature applications for aluminum alloys are generally
accepted as being operating temperatures above 20°C.
As a general rule the magnesium base alloys and filler
alloys with more than 3.0% Mg content are considered
not suitable for these temperature applications. There are
specific base alloys such as 5052 and 5454 and filler
alloys such as 5554, which have been designed with con-
trolled magnesium and are suitable for temperature
applications. The 4xxx series filler alloys are also suit-
able for elevated temperature applications.

A6. Color Match

- Base alloy and filler alloy color match after anodizing
¢ can be of major concern in some cosmetic applications.
The most common problem is welding the 6xxx series
* base materials with the 4xxx series filler alloys. This will
i result in the weld turning a very dark gray color after the
anodizing operation.
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A7. Postweld Heat Treatment

Consideration is given to the ability of the filler alloy to
respond to postweld heat treatment associated with joint
design. It is sometimes required for the weld metal to
respond to postweld heat treatment. The common filler
alloys are not heat treatable alloys, however there are
some specialized filler alloys which have been designed
to respond to heat treatment. The most common of these
is filler alloy 4643, which was designed to weld the 6xxx
series base materials and fully respond to postweld heat
treatment.

AS8. General

The common filler alloys used in the automotive industry
are 4043, 4047, 5356, and 5554.

Filler alloy 4043, which is a 5% silicon alloy, is used for
some structural applications and some thin wall seal tight
joints.

Filler alloy 4047, which is a 12% silicon alloy, has
higher fluidity than 4043, and for this reason, is often
used for heat exchangers such as radiators and air condi-
tioning systems.

Filler alloy 5356 can be used for structural applications
and will provide higher shear strength over that of 4043.

Filler alloy 5554 is usually used for structural compo-
nents such as wheels, which are made from base alloy
5454 and operate at elevated temperature.

A9. Summary

There are many considerations relating to the selection of
the most suitable filler alloy for a specific base alloy and
completed product application. The understanding of
these variables is a significant aspect in the correct
design and development of a successful welding proce-
dure specification.

For additional information on Aluminum Filler Alloys
for Arc Welding, please consult the filler or metal manu-
facturer and/or relevant AWS A5 standards.
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Annex B (Informative)

Methods to be Used for the Rework of Discrepant Welds

This annex is not part of AWS D8.14M:2008, Specification for Automotive Weld Quality—
Arc Welding of Aluminum, but is included for informational purposes only.

B1. Approval

A procedure agreed upon by the customer and supplier
should be used for the rework of discrepant weld(s). See
below for recommended rework procedures.

B2. Short or Missing Welds

Short or missing welds can be reworked with the original
process using production parameters.

B3. Preparation of Repair

The removal of weld metal should be done by machin-
ing, grinding, chipping, or gouging. It should be done in
a manner such that the adjacent base metal is not nicked
or gouged. Unacceptable portions of welds should be re-
moved without substantial removal of base metal. The sur-
faces should be thoroughly cleaned before repair welding.

B4. Repair of Notching or Burn-
Through

Notching or burn-through should not be repaired unless
access is available to the root of the joint to inspect repair.

BS. Notching and Burn-Through

Notching and burn-through should not be repaired when
its largest dimension exceeds 6 mm.

B6. Repair of Undercut, Meltback,
Craters, and SKkips

The surface should be cleaned and prepared to remove
sharp grooves and additional weld metal deposited.

B7. Repair of Porosity and Inclusions

Unacceptable portions of the weld should be removed
and rewelded.

B8. Repair of Cracks

The entire cracked weld area should be removed.

B9. Inspection of Repairs

The repaired weld should be retested by the method orig-
inally used, and the same technique and quality accep-
tance criteria should apply.

B10. Repairs

Only one attempt to repair a weld should be made. If not
successful, the part should be scrapped.
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Annex C (Informative)

Informative References

This annex is not part of AWS D8.14M:2008, Specification for Automotive Weld Quality—
Arc Welding of Aluminum, but is included for informational purposes only.

ANSI Z49.1, Safety in Welding, Cutting, and Allied
Processes, American Welding Society.

AWS A2.4, Standard Symbols for Welding, Brazing,
and Nondestructive Examination, American Welding
Society.

AWS A5.32/A5.32M, Specification for Welding Shield-
ing Gases, American Welding Society.

AWS B2.1, Specification for Welding Procedure and
Performance Qualification, American Welding Society.
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AWS D1.2/D1.2M, Structural Welding Code—Alumi-
num, American Welding Society.

Arc Welding with Robots: Do’s and Don’ts, American
Welding Society.

Welding Handbook, Eighth Edition, Volume 3, Materials
and Applications—Part 1, American Welding Society.

Welding Aluminum: Theory and Practice, Fourth Edi-
tion, The Aluminum Association.
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Annex D (Informative)

Guidelines for the Preparation of Technical Inquiries

This annex is not part of AWS D8.14M:2008, Specification for Automotive Weld Quality—
Arc Welding of Aluminum, but is included for informational purposes only.

D1. Introduction

The American Welding Society (AWS) Board of Directors
has adopted a policy whereby all official interpretations
of AWS standards are handled in a formal manner.
Under this policy, all interpretations are made by the
committee that is responsible for the standard. Official
communication concerning an interpretation is directed
through the AWS staff member who works with that
committee. The policy requires that all requests for an
interpretation be submitted in writing. Such requests will
be handled as expeditiously as possible, but due to the
complexity of the work and the procedures that must be
followed, some interpretations may require considerable
time.

D2. Procedure

All inquiries shall be directed to:

Managing Director
Technical Services Division
American Welding Society
550 N.W. LeJeune Road
Miami, FL 33126

All inquiries shall contain the name, address, and affilia-
tion of the inquirer, and they shall provide enough infor-
mation for the committee to understand the point of
concern in the inquiry. When the point is not clearly
defined, the inquiry will be returned for clarification. For
efficient handling, all inquiries should be typewritten and
in the format specified below.

D2.1 Scope. Each inquiry shall address one single provi-
sion of the standard unless the point of the inquiry
involves two or more interrelated provisions. The provi-
sion(s) shall be identified in the scope of the inquiry

19

along with the edition of the standard that contains the
provision(s) the inquirer is addressing.

D2.2 Purpose of the Inquiry. The purpose of the
inquiry shall be stated in this portion of the inquiry. The
purpose can be to obtain an interpretation of a standard’s
requirement or to request the revision of a particular pro-
vision in the standard.

D2.3 Content of the Inquiry. The inquiry should be
concise, yet complete, to enable the committee to under-
stand the point of the inquiry. Sketches should be used
whenever appropriate, and all paragraphs, figures, and
tables (or annex) that bear on the inquiry shall be cited. If
the point of the inquiry is to obtain a revision of the
standard, the inquiry shall provide technical justification
for that revision.

D2.4 Proposed Reply. The inquirer should, as a
proposed reply, state an interpretation of the provision
that is the point of the inquiry or provide the wording for
a proposed revision, if this is what the inquirer seeks.

D3. Interpretation of Provisions of
the Standard

Interpretations of provisions of the standard are made by
the relevant AWS technical committee. The secretary of
the committee refers all inquiries to the chair of the par-
ticular subcommittee that has jurisdiction over the por-
tion of the standard addressed by the inquiry. The
subcommittee reviews the inquiry and the proposed reply
to determine what the response to the inquiry should
be. Following the subcommittee’s development of the
response, the inquiry and the response are presented to
the entire committee for review and approval. Upon
approval by the committee, the interpretation is an official
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interpretation of the Society, and the secretary transmits
the response to the inquirer and to the Welding Journal
for publication.

D4. Publication of Interpretations

All official interpretations will appear in the Welding
Journal and will be posted on the AWS web site.

DS. Telephone Inquiries

Telephone inquiries to AWS Headquarters concerning
AWS standards should be limited to questions of a gen-
eral nature or to matters directly related to the use of the
standard. The AWS Board of Directors’ policy requires
that all AWS staff members respond to a telephone
request for an official interpretation of any AWS stan-
dard with the information that such an interpretation can
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be obtained only through a written request. Headquarters
staff cannot provide consulting services. However, the
staff can refer a caller to any of those consultants whose
names are on file at AWS Headquarters.

D6. AWS Technical Committees

The activities of AWS technical committees regarding
interpretations are limited strictly to the interpretation of
provisions of standards prepared by the committees or to
consideration of revisions to existing provisions on the
basis of new data or technology. Neither AWS staff nor
the committees are in a position to offer interpretive or
consulting services on (1) specific engineering problems,
(2) requirements of standards applied to fabrications
outside the scope of the document, or (3) points not
specifically covered by the standard. In such cases, the
inquirer should seek assistance from a competent engi-
neer experienced in the particular field of interest.
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List of AWS Documents on Automotive Welding

Designation Title

DS.1M Specification for Automotive Weld Quality—Resistance Spot Welding of Steel

D8.6 Specification for Automotive Resistance Spot Welding Electrodes

D8.7"M Recommended Practices for Automotive Weld Quality—Resistance Spot Welding

D8.8M Specification for Automotive Weld Quality—Arc Welding of Steel

D8.9M Recommended Practices for Test Methods for Evaluating the Resistance Spot Welding Behavior

of Automotive Sheet Steel Materials
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