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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures—tsed—to—develop—th CHeRt—3 —intendedforitsfurthermaintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criterianegeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
as well as information about ISO’s adherence to the World-Trade Organization (WTO) prinfiples in the
Techhical Barriers to Trade (TBT) see the following URLZwww.iso.org/iso/foreword.html.

This|document was prepared by ISO/TC 44, Welding and allied processes, Subcommittee S( 14, Welding
and hrazing in aerospace.

This|second edition cancels and replaces the first edition (ISO 16338:2013), of which it donstitutes a
mindr revision.

The Iain changes compared to the previous edition are as follows:

a)

otes on different determination of clear annulus zone for radiographic and mefallographic
¢xamination have been added under the keys of Figures 8 and 9;

b) fransposed numbefing in column t in Table 14 has been corrected: row changed for 0,60 mm and
,65 mm;

c¢) 17.5.1.2 Span'§is no longer expressed in %;

d) fo correctd hanging paragraph, a 14.1.3.1 “General” subheading has been introduced;

e) othereditorial revisions.

Requests for official interpretations of any aspect of this document should be directed to the Secretariat
of ISO/TC 44/SC 14 via your national standards body. A complete listing of these bodies can be found at

WWWw.iso.org.
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Welding for aerospace applications — Resistance spot and
seam welding

1 Scope

This document specifies requirements for resistance spot and seam welding for aerospace applications.

This|document does not apply if resistance welding is simply an intermediate operatioh\gnd does not
affedt the quality of the end product, for example when tacking basic parts prior to, assembly with
another process.

Resi§tance welding of dissimilar material group combinations is not covered b$*this documnjent.

Safefy and health issues and concerns are not covered by this document.

2 ormative references

The following documents are referred to in the text in suchyaivay that some or all of their content
constitutes requirements of this document. For dated referénces, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 6520-2, Welding and allied processes — Classification of geometric imperfections| in metallic
materials — Part 2: Welding with pressure

[SO 14731, Welding coordination — Tasks and responsibilities
ISO 17677-1:2009, Resistance welding — Vdcabulary — Part 1: Spot, projection and seam weldiing
ISO/TR 25901-1:2016, Welding and allied processes — Vocabulary — Part 1: General terms
ISO/TR 25901-3, Welding and allied processes — Vocabulary — Part 3: Welding processes
[SO/TR 25901-4, Welding and-dllied processes — Vocabulary — Part 4: Arc welding

3 Terms and definitions

[SO 17677-1,

ddresses:

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1

chisel test

destructive or non-destructive test in which welds are tested by applying a predominantly tensile force
that results in stresses primarily normal to the surface of the joint interface

[SOURCE: ISO 10447:2015, 3.1, modified — “or non-destructive test” has been added and the note 1 to
entry has been deleted.]

3.2
close spaced welds
spot welds with weld pitch of less than two diameters

© IS0 2017 - All rights reserved 1
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3.3
coring
incipient m

:2017(E)

elting

melting and resolidification of material at the grain boundaries of the heat affected zone and/or in the
weld nugget

Note 1 to entry: These features appear to be cracks when examined at low magnification, but when examined at
high magnification, are seen to be completely filled. This occurs primarily in nickel alloys.

3.4

design authority

engineering-authority

organizatio
the hardwaj

3.5
foil
joint membe

3.6

metallogra
<resistance
a seam weld

3.7
nugget
zone in spot

[SOURCE: IS
3.8

nﬁ, having the responsibility for the structural integrity or maintenance of airworthing

e and compliance with all relevant documents

r with a thickness of 0,20 mm or less

phic section
welding for aerospace applications> transverse cut on the diameter of a spot weld or a
, or a longitudinal cut down the centre of a seam weld

projection or seam weld where the metal has beefimelted

0 17677-1:2009, 4.10, modified — “See Figure2.” following the term has been deleted.]

nugget diameter

diameter of

3.9
nugget pen
extent of thd

3.10

peel test
destructive
stresses ma

3.11
preliminar
pWPS

nugget measured at the faying surface

etration
 nugget or fusion zone into the thickness of a joined member

nly in the thigkness direction of the weld

y welding procedure specification

ss of

[TOSS

test in which a resistance-welded lap joint is tested by applying a peel force which resullts in

document ¢

ntaining the required variables of the welding procedure which has to be qualified

[SOURCE: IS

3.12
production

O/TR 25901-1:2016, 2.5.6]

witness test specimen

weld of test specimen made in production setups and destructively tested to provide data on the
qualities of production welds

© ISO 2017 - All rights reserved
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3.13

resistance seam welding

<resistance welding for aerospace applications> resistance welding process which produces coalescence
at the faying surfaces by the heat obtained from resistance to electric current through the work parts
held together under pressure by electrodes

Note 1 to entry: The resulting weld is a series of overlapping resistance spot welds made progressively along a
joint by turning wheel electrodes or indexing the part under fixed electrodes.

resistance spot welding
iSkt 1di that d ld ot tha favzi £. hat ] i
resisgance-weldingprocess-that-producesa-weldatthefayingsurfacesbetween-overappingparts by the

heat|obtained from resistance to the flow of welding current through the workpieces from electrodes
that serve to concentrate the welding current and pressure at the weld area

[SOURCE: ISO 17677-1:2009, 1.12]

3.15
roll spot welding
resistance welding process variant that makes intermittent spot welds-uising one or mpre rotating
circylar electrodes

Note|l to entry: The rotation of the electrodes might or might not be stopped during the making of 4 weld.
[SOURCE: ISO 17677-1:2009, 3.5]

3.16
seam weld width
width of the weld metal in the plane of the faying surfaces in a direction normal to the longitudinal axis
of the linear seam weld

[SOURCE: ISO 17677-1:2009, 4.14]

3.17
sheet
<resistance welding for aerospace.applications> joint member with a thickness of more than 0,20 mm

3.18
weld pitch
centre-to-centre distance,between adjacent spot welds

[SOURCE: ISO 14373:2015, 3.4]

3.19
welding condition
<res]stanée-welding for aerospace applications> provision for the manufacture of a given weld, including

matdrijal,‘configuration, material preparation, cooling, electrode material, electrode geomdtry, welding
mac} ne nnmhnr’ and all weld parnmnfnrc that have a directinfluence on the qn::]ify ofthe We]d

3.20
welding parameter
<resistance welding for aerospace applications> machine setting or adjustment

EXAMPLE Examples are electrode force, welding current, welding speed, welding time.
3.21

welding procedure specification

WPS

document that has been qualified and provides the required variables of the welding procedure to
ensure repeatability during production welding

[SOURCE: ISO/TR 25901-1:2016, 2.5.4]

© IS0 2017 - All rights reserved 3
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4 Symbols and abbreviated terms

minimum required nugget diameter or seam weld width (see Table 11)

lower electrode indentation

upper electrode indentation

length of test specimen

statistical process control

non-destructive testing

ual nugget diameter or seam weld width, as determined by metallographic examinatign
Ckness of the thinner sheet
rkness of outer member

t specimen width/overlap

t lot average

liminary welding procedure specification

lity assurance

ding procedure qualification record

ding procedure specification

Ds

e

eu

F force
l

M act]
t thi
to thi
w tes
Ac tes
NDT

pWPS  prdg
QA qud
SPC

WPQR we
WPS we
5 Specif

|c engineering requirements

In the event of any conflict between’the requirements of this document and those requirements

specified in

The

6

Classificatid

7

classific

Classif

Class 1

the engineering definition, the engineering definition shall take precedence.

ation of the joint{sé€e Clause 6) shall be designated on the part specification or drawing.

ication-of the joint

n of thejoint is based on the following.

d) welded joint whose failure under operating conditions causes the loss of the

aircraft/spacecraft or one of its main components, or constitutes a direct hazard to people.

Class II:

a welded joint whose failure causes malfunctions without compromising continued safe

flight until the end of the mission.

Class III: a welded joint whose failure does not affect the safety and the transport function of the
aircraft/spacecraft.

Produ

ction requirements

Prior to production, the following requirements shall be met:

a) personnel qualification;

© ISO 2017 - All rights reserved
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b) welding machine qualification;

c) welding procedure qualification.

8 Welding personnel requirements

The welding personnel shall be trained and be competent for the process. If requested by the
design/engineering authority, ISO 14732 may be invoked.

9 Person responsible for welding procedure qualification and welding machine

qualification tests

The welding coordinator (see ISO 14731) shall be designated, in writing, as respénsible|for welding
procedure qualification and welding machine qualification test. The welding coordinatofr shall have
knowledge and experience relevant to the welding process, and be acceptable to the|responsible
design/engineering authority or recognized examining body.

It is recommended that the welding coordinator be qualified as Internatienal Welding Englineer (IWE)
according to [IW IAB-252-11.

The |welding coordinator may authorize another person to‘<administer the welding procedure
qualification or welding machine qualification test.

10 Material groups

Material group A: unalloyed steel, low-alloyed steels, high-alloyed ferritic steels.
Material group B: high-alloyed austenitic and martensitic steels, nickel and nickel alloys, cabalt alloys.
Material group C: titanium and titanium alloys, niobium, zirconium and other reactive metals.

Matgrial group D: aluminium and aluminhium alloys, magnesium and magnesium alloys.

Matgdrial group E: materials that:do not conform to material groups A to D (e.g. molybdenum, tungsten
and ¢opper alloys).

11 Preparation of\parts to be welded

11.1 General

External and\faying surfaces of the parts to be welded shall be free from contaminants, sych as heavy
oxid¢s, scale, ink, grease, dirt or other substances, or surface conditions detrimental to [the welding
processS+ The surfaces shall be regular, this being a determining factor in ensuring good repgroducibility
of theweld:

11.2 Cleaning requirements

A specific cleaning procedure (e.g. pickling) shall be determined according to the materials and
precisely defined by each manufacturer in line with the design/engineering authority requirements.

The cleaning procedure used to prepare materials for welding procedure qualification shall be
specified on the pWPS. For materials in group D, surface resistance requirements shall be specified by
the design/engineering authority.

Time limits between cleaning and welding shall be specified in the pWPS or other manufacturing
documentation.

© IS0 2017 - All rights reserved 5
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11.3 Surfa

:2017(E)

ce coatings

Surface coatings, specified by the design/engineering authority, shall be identified in the pWPS.

11.4 Assembly

Mating parts assembled for welding shall fit so that before the first and each subsequent weld is made,
the surfaces to be joined by the weld are in contact with one another or can be made to contact one
another by manual pressure.

12 Equip

12.1 Weld
The welding

manufactur
authority:.

A preventat

12.2 Elect

All electrod
minimum.

12.3 Sheai

12.3.1 Gen

Shear testin
speed shall

12.3.2 Stat

Stationary s

12.3.3 Por

Portable shg

12.4 Jigs and fixtures

mnemnt requirements

ing machines

machine shall be qualified according to Clause 13, calibrated and maintained accordi
br recommendations and/or any other requirements as defined by the,désign/engine

ve maintenance procedure shall be established and maintenance records kept.

rodes

es in use shall be permanently marked with the electrode material designator,

" testing machines

eral

g machines shall be accurate to within + 2 % of the indicated reading. The shear te
hot exceed 13 mm/min.

ionary shear testing machines

hear testing machines.shall be calibrated for accuracy at intervals not to exceed one y¢

table shear testing machines

ar testing mdchines shall be calibrated for accuracy at intervals not to exceed two mo

ng to
Pring

as

sting

par.

hths.

Jigs and fix{

urés shall be so designed as to minimize the shunting of welding current through

them

instead of passing through the workpieces. All tooling that is required to locate welds or assist in the
assembly of welded parts that passes through the magnetic field during the welding operation should
be made of nonmagnetic materials insofar as possible.

13 Welding machines

13.1 Qualification requirements

13.1.1 General

Existing machine qualifications to other standards prior to the release of this document are considered
qualified, unless otherwise specified by the design/engineering authority.

© ISO 2017 - All rights reserved
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Prior to production, qualification shall be performed on each resistance spot or seam welding machine
to determine its ability and consistency of operation. The purpose of qualification is to identify and
verify the range of welding for which a welding machine may be considered capable. Welding conditions
shall be documented on a WPS as part of a machine qualification test report. Typical examples of
report forms are given in Annexes A and B. Such forms may be modified or expanded as required. After
approval is obtained, these reports shall be available for review.

Machines shall be qualified to meet the weld requirements for the most critical class (see Clause 6) in
each material group (see Clause 10) for which it is intended to be used in production. A welding machine
qualified to weld to the requirements of one class in a material group shall be automatically considered
qualified for less critical classes in the same material group. A spot welding machine qualified for

spot
qualified by establishing a WPS. Machines qualified to a class for seam welding shall bd
qualified for roll spot welding to the same class.

13.1{2 Method of welding machine qualification

13.1{2.1 General

No maintenance work or control adjustments are permitted during the welding of test spec

13.1{2.2 Test materials

Test
cominonly used in production.

Qualjfication with material of group A qualifies for welding material of group A only.
Qualjfication with material of group B qualifies\for welding material of group B only.
Qualjfication with material of group C qualifies for welding material of group C only.
Qualjfication with material of group D qualifies for welding material of group D only.

Qualjfication with a specific material of group E qualifies for welding with the same materi

13.1j2.3 Test requirements

Weld tests listed in 13.2/shall be performed and shall meet applicable acceptance criter
material group, two-test sets shall be required: the high-end (thickest) machine qualification
low-¢nd (thinnest)machine qualification test. Typically, the high-end and low-end machine
tests|are each made up of two members of equal thickness. Alternatively, members of different
and/pr a weld'ecombination of more than two members may be used. The following requirem
used|to determine the required machine qualification tests to cover production work.

a)

b)

d)

welding 1s also qualified 1or overlap spot welding. Machines used 1or class 111 To1l wel

materials for material groups A, B, C and D qualification may be any material fron

Hing may be
considered

imens.

that group

al only.

ia. For each
test and the
jualification
thicknesses
ents shall be

The’total thickness of all members in a production weld combination shall not be m¢re than the

total thickness of all members in the high-end machine qualification test and shall not
the total thickness of all members in the low-end machine qualification test.

be less than

The thinnest contact member (member in contact with the electrode) of any production weld
combination shall not be thicker than the thinnest member in the high-end machine qualification test

The thinnest contact member (member in contact with the electrode) of any production weld

combination shall not be thinner than the thinnest member in the low-end machine quali

fication test.

If a machine is used for a specific weld combination then it need only be qualified for that weld

combination according to the quantities and methods specified in 13.2.

NOTE1 For examples of the application of rules stated in this subclause, see Annex D.
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NOTE 2  If more than one welding machine of the same type is to be qualified, the extent of testing can be
reduced at the discretion of the design/engineering authority.

13.1.2.4 Welding machine requalification

Requalification shall be required if the welding machine is rebuilt or if significant operational changes
(e.g. replacement of main components, facility relocation and change of power supply) are made. The
number of test specimens for sheet welding may be reduced (see Table 2).

Unless otherwise authorized by the design/engineering authority, when welding machine requalification
is required, all WPS shall be requalified prior to production use.

Changes thdt do not require requalification of the welding machine are as follows:
a) change pflocation within a plant, which maintains the same electrical circuit;
b) generaljmachine maintenance;

c) replacement of parts, such as electrodes and electrode holders, which do notaffect the pressure or
power dharacteristics.

13.2 Test piece configuration and examination requirements

Tests shall Qe as specified in Table 1 and as shown in Figure 1 and Figures 3 to 5.

Table 1 — Welding machine qualification test pieces and examination requirements

. Examination
Class Test piece |Amount per test set . ) . . .
Visual |-Radiographic | Mechanical | Metallographic

Spot welds.— Sheet

‘;glu{)iil 2) 105 weld spots all all 100 shear 5 microsectipns

gilr 1“{)33 1a) 105 weld spots all all 100 shear 5 macrosections

igure 1 a)
rlb)

11

I 53 weld spets all none 50 shear 3 macrosectjons

ol o b | = b

Spot welds — Foil

. [ = 300.mm continu-
11, [l |Kigure 3 @yength of weld all none peel none

Seam welds — Sheet

[=600 mm 8 microsectipns
[ Figure.5 continuous length all all none (4 transverge,
of weld 4 longitudinal)
[=600mm 8 macrosections
11 Figure 5 continuous length all all none (4 transverse,
of weld 4 longitudinal)
[=300 mm 4 macrosections
I11 Figure 5 continuous length all none none (2 transverse,
of weld 2 longitudinal)
Seam welds — Foil
=300 mm
11, Illa |Figure 4 continuous length all none peel none
of weld

a  Machines used for class III foil welding may be qualified by establishing a WPS.

For welding machine requalification, the number of test specimens for sheet welding may be reduced
according to Table 2.

8 © IS0 2017 - All rights reserved
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Table 2 — Machine requalification test pieces and examination requirements

. Examination
Class Test piece | Amount per test set . . . . .
Visual | Radiographic | Mechanical | Metallographic
Spot welds — Sheet
[ %;)urw a) or 53 weld spots all all 50 shear 3 microsections
11 %ﬁ)uriel a) or 53 weld spots all none 50 shear 3 macrosections
1 ii}iib)ure 1a)or 28 weld spats all none 25 shear 3 macrosections
Seam welds —Sheet
=300 mm 4 microsections
[ Figure 5 continuous length all all none (2 transverse,
of weld 2 lopgitudinal)
[=300 mm 4 mgcrosections
[ Figure 5 continuous length all all none (2 fransverse,
of weld 2 lopgitudinal)
[=150 mm 2 macrosections
11 Figure 5 continuous length all none none (1 gransverse,
of weld 1 lopgitudinal)

14 Welding procedure (WPS)

14.1] Qualification requirements

14.1{1 General

Exisfing WPS qualifications to other standards prior to the release of this document arg considered
qualified, unless otherwise specified(bythe design/engineering authority.

Priof to production, a WPS shall-be established to produce the minimum strength, nugget diameter
or spam weld width or quality requirement specified in this document or as defined by the
design/engineering authority”’Qualification results shall be entered on the test report, which includes
the settings used to weld the test specimens. Weld settings shall not be adjusted during the welding of
the qualification test;speCimens. After qualification acceptance, production setups shall bg allowed to
deviate from the WPSas allowed by 15.2.4.

NOTH

If production parts are used for qualification, design/engineering authority approval car be required.

14.1{2 Petermination of weld settings

Al vwalding maching and anch carmhinatinn Af walayant maatarial canditinne (cnoh as

For each

vV CTICTIT

ottt Coat— c oo o troi o CrCvorrc ottt r o corrttcror (oot

alloy, heat

treatment, surface conditions, geometry, material stack-up and thickness comblnatlons), effective
welding machine settings for test and production parts shall be determined. The conditions and
parameters shall be defined on a pWPS before welding the qualification test pieces. Typical examples
of report forms are given in Annexes A and B. These shall be modified or expanded as required. After
acceptance, production setups shall be made to the qualified pWPS, with the variation of 15.2.4 allowed.

14.1.3 Methods of welding procedure qualification

14.1.3.1 General

A welding procedure shall be qualified by one of the following methods.
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14.1.3.2 Standard welding procedure qualification

Tests shall be conducted to demonstrate that on a given set of materials and a particular welding
machine, the welding procedure produces resistance welds that conform to the requirements of

Tables 12 to

14 (sheet), 14.2 and Clause 17.

14.1.3.3 Design allowable qualification

The design allowable qualification method shall be used when specific requirements are defined by the
design/engineering authority. Tests shall be conducted to demonstrate that on a given set of materials
and a particular welding machine, the welding procedure produces resistance welds that conform to

these requit

The pWPS s
to the specif

14.1.4 Thi

Thickness c

procedure, provided the qualified average nugget diameter or seam weld width-can be reproduced

a weld heat
other condif

a) Foil. Th

within

procedy
b)
1) the
2) the
c)
1) the
allg

2) the

14.1.5 Welding procedure,specification (WPS)

After qualif

Outer sheet < 1,02 mm, inclusive:

Outer sheet > 1,02 mm:

ements.

hall state that the design allowable qualification method was used and shall giyé.pefel
ic requirements.

rkness combination limits

bmbinations falling within the following limits shall not require a separate qualified we

(current) setting that lies within + 10 % of the value established by the original WP
ions being the same.

e variation in thickness (with regard to the original:procedure) of either outer shg
+ 0,03 mm and the variation in the sum of the thicknesses (with regard to the ori
re) of the combination is within + 0,08 mm.

variation in thickness of either outer sheet\s within + 0,10 mm;

variation in the sum of the thicknesses of the combination is within + 0,15 mm.

variation in thickness of either outer sheet is within + 10 % for material groups D 3
ys, or = 20 % for material'\groups A, B and C alloys;

variation in the sum‘ofithe thicknesses of the combination is within + 10 %.

cation, the(WPS shall be available to machine operators and quality assurance (QA)

ence

lding
with
S; all

et is
cinal

nd E

The

following pgrametersshall be included in the WPS and any changes of these critical parameters oultside
the allowable limits of 15.2.4 shall require requalification:

a) force;

b) electrode (geometry and material group);

c) weld settings (time, current, number of cycles);

d) surface preparation;

e) weld overlap (number of spots in seam weld unit length) on seam welds;

f) travel speed on roller seam welds.

The purpose of qualification is to replicate the results expected on production components; therefore,
test conditions for qualification shall correspond with expected production conditions.

10
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A suggested form for a WPS is given in Annex B. Further information on WPS guidelines is given in
ISO 15609-5.

14.1.6 Welding procedure requalification

Requalification of the WPS shall be required if the welding machine was requalified (see 13.1.2.4) or if
significant operational changes are made to the WPS as specified in 14.1.5.

Requalification of the WPS shall also be required if a change in the cleaning procedure produces
different results (nugget and strength ranges) than the former method.

NOTE AT existimg— WS eedTTot—be 1cqudliﬁcd for—amother—comntractor dcaigu, 1528 ovided) all material
conditions (such as alloy, heat treatment, surface conditions, geometry, material stack-up \apd thickness
comblinations) are equivalent as defined by the existing WPS.

Requalification of a welding procedure shall be required at any time if there is any reason fo doubt the
ability of a welding machine to produce satisfactory welds using the existing WPS:

14.2 Test piece configuration and examination requirements

Testg shall be as specified in Tables 3 to 6 and as shown in Figures 1 to 5. Welds shalfl be located
with|n * 1,5 mm of the centre of the overlap. Test piece size tolerance shall be + 1,5 mm.

Table 3 — pWPS test pieces and examination requirements — Spot welds — Sheet

Material Number Examination
Type rou Class | Test piece | of weld \ . . . .
group spotsa Visual |Radiographic |[Mechanical2| Metpllographic
I Figure 1) 13 all all 10 shear 3 mjcrosections
or 1b)
A B, C II Figure 1 a) 8 all all 5 shear 3 macrosections
or 1b)
Isolated | Figure1a) 5 all none 3shear |2 macrosections
or foll or 1b)
spot i
WI: 1d I E‘lrglulr)%l a) 25 all all 20 shear 5 mjcrosections
D, E 1t Figure 1 a) 15 all all 10 shear |5 macrosections
or1lb)
I11 Figure1a 5 all none 3 shear 2 macrosections
or1lb)
Cldse I Figure 2 20 all all none 10 nlicrosections
AyB; C, . ;
spajced D E Il |Figure 2 10 all all none 5 mjcrosections
welds III  |Figure 2 3 all none none 3 macrosections
a [Enr6re-than-two sheets are-assembled the mechanical testsare to-be repeated or-separate-examination of each
assembly joint face in the final configuration (two series of tests for assembly of three sheets, three series for four sheets,
etc.; see 17.5.4).
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Table 4 — pWPS qualification test pieces and examination requirements — Spot welds — Foil

Material . Examination

Class | Test piece . . . . .
group Visual | Radiographic Mechanical Metallographic
4 microsections:

[ Figure 3 all none min 1%e§:)12§iziutive randomly select four
Higure > .s ot welds spot welds from a
A,B,C,D,E p minimum of 10 welded
peel test
II, 11 |Figure 3 all none min. 10 consecutive none
spot welds

Table 5 — pWPS qualification test pieces and examination requirements — Seam welds.— Sheet

Material . Examination
Class | Test piece | Length of weld . . . .
group Visual | Radiographic Metallographic
[=300 mm 4 transverse-microsectiong (Tr)
I, Figure 5 continuous all all 4 longitudinal microsectigpns
length of weld (Lo)
[=300 mm 4 transverse macrosectiong (Tr)
A,B,C,D,E 11 Figure 5 continuous all all 4 longitudinal macrosectipns
length of weld (Lo)
[=300 mm 1 transverse macrosectiong (Tr)
III  |Figure 5 continuous all néhe 2 longitudinal macrosectipns
length of weld (Lo)
Table 6 —[pWPS qualification test pieces and examjnation requirements — Seam welds — [Foil
Material i Length of Examination
Class | Test piece . . . . .
group weld Visual | Radiographic| Mechanical | Metallographic
Figure 4, 2 [=300 mm 1 longitudinal
[ specimens continuous all none peel 17.5.3 a) microsectipn:
required length of'weld 25 mm
A/B,CD,E - —
Figure 4, [=100 mm peel 17.5.3 b) 1 longitudinal
II, III |2 specimens | _centinuous all none (75 mm mini- | macrosectjon:
required length of weld mum length) 25 mm
12 © IS0 2017 - All rights reserved
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15 Quality requirements for production

15.1 General

A WPS shall be available and used for each production joint.

15.2 Production witness testing

15.2

Perid
spec
weld
cont
for rq

15.2

Qual
repr
prep
quali

Whe
to di
the g
of su
curv

15.2

A da
runn
samy
the 1
pWP
limit
Use

surfd

Use

.1 General

dic tests shall be conducted to determine i a particular welding machine, in combin
fic welding procedure and other specific conditions used during production, produce
s that conform to the requirements of this document. Documentation of these te
hined in an individual register (logbook) for each resistance welding machineand shall
bview.

2 Witness test specimens

fication and production witness test specimens shall conformxto the production|
bsent with respect to material, thickness, overlap, configuration, and surface d
hration. Production witness specimens shall be run with production weld conditions
fication specimens or a simulation of the production part;

h production conditions exist that were not applied during qualification, but cause mach
ffer from qualification settings so as to exceed thepermitted parameter adjustments
ualification shall be run again with the subject*Critical production conditions include|
ch production conditions include, but are notlimited to, magnetic material in the mad
hture of the part, spot spacing and part (overlap) width.

3 Surface resistance

ly check shall be made of the surface resistance, in microohms, for material group D
ing production parts. A minimum of five readings shall be made on the production
les typical of the material-being welded and its surface condition and preparation. T
hethod of obtaining the spirface resistance measurement shall be the same as those

S qualification or cleaning procedures and the values of the surface resistance shall ng
s of consistency and-maximum values established at that time.

f existing mateyial cleaning and etching process control/monitoring may be substit
ce resistance.checks as deemed appropriate by the design/engineering authority.

f in-progess weld control monitoring capable of detecting when a surface resistance

of the spégification range occurs may be substituted for the surface resistance checks

appr

15.2

htion with a
s resistance
sts shall be
be available

parts they
ondition or
using either

line settings
(see 15.2.4),
d. Examples
hine throat,

welds when
parts or on
he details of
used for the
t exceed the

uted for the

thift outside
as deemed

ppriate by the design/engineering authority.

4 Parameter adjustments

Welding parameters (see 14.1.5) may be varied by + 5 % from the established WPS values, or by + 10 %
when only one setting is adjusted. When adjustments are made during production, welding parameters
shall stay within this range, and within + 5 % of the parameters used for the witness test specimens.

If satisfactory welding cannot be maintained within these limits of adjustment, welding shall be stopped
and the welding machine shall be checked for faulty operation. If it can be shown that conditions other
than those controlled by the qualified welding procedure were the cause of the faulty welding and that

© ISO
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after their correction the original qualified welding procedure is capable of producing acceptable welds,
the establishment of a new qualified welding procedure shall not be required (see 15.3.2).

NOTE For roller seam weld electrode diameter, variations > 5 % can be permissible with the agreement of
the responsible design/engineering authority.

15.2.5 Production witness test specimen configuration and examination

15.2.5.1 General

The following witness tests shall accompany the welding of production parts. The witness test specimens
duplicate the production parts in all conditions controlled by the qualified welding procedure and the
drawing. Refsults of these tests shall be maintained in an individual register (logbook) by each'we|ding
machine.

15.2.5.2 Witness test
Production Witness test specimens shall be as follows:

a) preproduction witness test: witness test specimens taken at the start of each work day or befpre a
new prqgduction lot is welded or before welding is resumed after a machine shutdown;

b) intermgdiate witness test: witness test specimens taken during,production welding or befofe or
after minor welding equipment change;

EXAMPIE Examples of minor equipment changes are electrodg,change or fixture change.

c) postprgduction witness test: witness test specimens taken at the end of each production work day
or afterfthe completion of a production lot.

Depending
Table 7.

bn the weld class, production parts shall be accompanied by witness tests accordipg to

Table 7 — Witness test requirements

Intermediate test
Class Preproduction test Before minor | After minor | Postproduction
Periodica equipment equipment test
change change
| required every 60 min required required required!
11 required every 120 min required required required
II required not required not required required not requirgd

a  Intermedjate test'periodic time starts with the first production weld in the lot. Time is calculated as contifjuous
machine-on time-and not actual time the current is flowing through the part.

b Testnotrequired if welding of production lot is completed within 30 min of the last witness test

¢ Testnotrequired if welding of production lot is completed within 60 min of the last witness test.

Each test lot shall consist of the number and configuration of test specimens and method of examination
as specified in Table 8. Any of the quantities specified may be made on a simulation of the production
joint or a production part.

For production witness specimens or parts sectioned for intermediate or post production tests, if
acceptance criteria are not met, all work completed since the previous conforming production witness
test shall be segregated until a final decision is reached by the design/engineering authority.
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Table 8 — Production witness test lots and examination requirements

5.1, and.enly with the approval of the engineering authority.

. Minimum amount Examination
Class Specimen a . . .
per test lot Visual Mechanicala Metallographic
Spot welds — Sheet
I F_lguLe_l a) or 3 weld spots all shear 3 microsections
Figure 1 b)
11 F_gLel a) or 3 weld spots all shear 3 macrosections
Figure 1 b)
11 Figure 1 a) or 3 weld spots all shear 3 macrosections
rigure 1 bj B
Spot welds — Sheet — Close spaced
1 longitudinal and
I Figure 2 10 weld spots all none 1 trgnsverse
micrdsectionsb
1 longifudinal and
[1 Figure 2 10 weld spots all none 1 trgnsverse
macrgsectionsb
1 longifudinal and
11 Figure 2 10 weld spots all none 1 transverse
macr¢sectionsb
Spot weld — Foil
I Figure 3 all peel 17.5.2 a) hone
[1 Figure 3 all peel 17.5.2 a) hone
11 Figure 3 all peel 17.5.2 b) hone
Seam welds — Sheet
_ 2 trgnsverse
I Figur 1_.75 g all none 1 longitudinal
continupusweld . :
micrpsections
. I'=75 mm of 2 transverse
[1 Figure 5 Sontinuous weld all none 1 longltud}nal
macrpsections
=75 mm of 2 trgnsverse
11 Figure 5 continuous weld all none 1 longltudllnal
macrpsections
Seam welds — Foil
I Figuré4 1 all peel 17.5.3 a) none
[1 Figure 4 1 all peel 17.5.3 b) none
11 Kigure 4 1 all peel 17.5.3 b) hone
For production witness testing, shear test may be substituted by destructive chisel test in accordance with ISP 10447:2015,

a  The default examination for production witness welds is metallographic, but when mechanical tests are used for the
examination of witness production weld compliance of spot welds established by the standard pWPS qualification, three
welds will be added for metallographic examination (see 17.4) to the preproduction witness test for class I and class II
welding, and three welds will be added for metallographic examination every fourth periodic intermediate witness test for
class I. For class III, shear testing may be used instead of metallographic examination.

b Atleast 4 weld spots in a longitudinal section and 1 weld spot in the transverse section shall be evaluated.

© IS0 2017 - All rights reserved

15


https://standardsiso.com/api/?name=728ee1095c1d8f8cb7250bb28820582d

IS0 16338:2017(E)

15.2.6 Alternate testing requirements in lieu of production witness testing

As an alternative to the testing requirements of Table 7, real time non-destructive SPC system may be
used when approved by the design/engineering authority. As a minimum, the SPC system shall address:
part fitup, precleaning, electrode monitoring, and in-process monitoring of critical process parameters.
This system of controls shall include, but is not limited to, real time adaptive controls or in-process NDT
methods. Destructive testing shall still be used to establish and verify that this SPC system is capable of
identifying welds complying with strength or size requirements with 99,5 % reliability.

15.3 Production parts

15.3.1 Examination requirements
Production |parts shall, as a minimum requirement, be subjected to the inspection réquirements

according t¢ Table 9, unless otherwise specified in the design documents. The acceptance criteria in
accordance with Clause 17 shall be met.

Table 9 — Production parts inspection requirements

Number of welds to be inspected
Class Visual examination Radiographic examination
I all all
I1 all none
II all none

15.3.2 Deterioration of welding quality

If investigatfon of imperfections in welding indicates.that welding quality has deteriorated due to [clear
causes (e.g. $waged or improperly cleaned tips), and\those causes are corrected so that acceptable welds
(compared fo qualification requirements) are made, qualification of a new WPS will not be reqyired.
Under conditions where the welding machine does not produce acceptable welds within the permfitted
parameter adjustments, the welding machine qualification shall be voided and the welding ma¢hine
shall be reqgpalified. All class I WPS quatlification for that welding machine shall be discarded and new
qualification shall be established.

15.3.3 Tack welds

Tack welds|shall be produced by resistance welding, unless other processes are approved by the
design/engipeering autharity.

Tack welds ghall not.be used on class I welds unless they are permitted on engineering drawings or
applicable documents and are finally removed, or completely covered by subsequent produftion
welding. Tapk-welds do not require testing and only need be of sufficient strength to fulfil [their
temporary FHretiots Thc_y aretnot aubjcx,t to—this dut,\,uucut, Pt ovided—thefinished—welds—meet the

specified requirements.

16 Test pieces

16.1 Standard test pieces
Standard test pieces according to Figures 1, 2, 3, 4 and 5 shall be used for the welding machine and

the welding procedure qualification test. For material group D (see Clause 10), multi-weld spot test
specimen shall be used. For other material groups, the use of multi-weld spot test specimen is optional.

16 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=728ee1095c1d8f8cb7250bb28820582d

w

IS0 16338:2017(E)

Key

+ Y
—é“j— 4 =
x
~
Al
A
w

a) Single weld spot test specimen
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b) Multi weld spot test specimen
w  flest specinen width/overlap
a  Firstweld spot to be identified and discarded.
Range of thickness, ¢, of the thinner sheet w
being testedb

0,20mm<t<0,75 mm >17 mm
0,75mm<t<2,50mm > 25 mm
2,50mm<t<3,20 mm > 32 mm
t> 3,20 mm > 38 mm

b For the testing of multiple joint member combinations, extra test
piece(s) shall be added (see Figure 12)
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Dimensions in millimetres

|
TIT
i
|
|
|

3 W%%%#%?H%%%%%%M

Weld pitch tahe in accordance with the subject production part
Such proxinjity may require more power than other spot welds.

a  Length ps necessary, see Tables 3 and 8.

Figure 2 — Close spaced spot welds in sheet

Dimensions in millimetres

Key

F  force

For witness specimens test and pWPS qualification, weld pitch in accordance with the production part. For welding
machine qualification, weld pitch shall be such that every weld spot is clearly separated.

a  Length as necessary, see Tables 4 and 8.

Figure 3 — Spot welds in foil
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Dimensions in millimetres
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Figure 4 — Seam welds in foil

Dimensions in millimetres

{
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i i i | i
/ i / i i i / i
a b/ a b/ b/ a b/

Key

I length of test specimen (see Table 1 for machine qualification, Table 2 for machine requalificatidn, Table 5 for
PWPS qualification, and Table 8 for production witness test specimen)

a Transverse section.
b Lophgitudinal section (=25 mm).

Figure 5 — Seam welds in sheet
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16.2 Test pieces for specific purposes

If the standard test pieces according to Figures 1 to 5 differ from the parts to be welded with regard to the

a) geometry (e.g. curved with r <80 mm),

b) material form (e.g. casting),

c) welding over or adjacent to existing resistance or fusion welds,

d) minimum edge distance,

e) overlap[distance,

f) surface[preparation (including shot peening, chemical milling, or other surface preparation), gnd
g) heat-trgatment condition,

additional 4damples from the original component or simulated parts shall be tested. The we|ding
coordinator|shall define the tests and the number of test specimens required tosestablish a correlation
to the resulfs obtained from the standard test pieces (see Figures 1 to 5). If deemed necessary by the

welding coo

17 Exami

17.1 Gene

This clause
production {
A, B, Cand I
engineering
and for prod

Imperfectio
design/engi

For materia
authority.

The imperfd
group of pai

When impel
limit, the m
salvage or nj
such. Standj

rdinator, the correlation shall be given in the WPS.

[ group E, the acceptance-eriteria shall be defined by the responsible design/engine

nation, testing and acceptance criteria

ral

Hefines weld acceptance criteria for welding machine qualification, pWPS qualification and

ests conducted in conformance with the standard qualification method on material gy
D. For design allowable qualification, the design/engineering authority shall specify o
drawing which tests to perform and appropriate acceptance criteria for pWPS qualific
uction.

h types other than those mentioned in this document shall be referred to
heering authority.

oups
n the
htion

the

Pring

ctions shall be randomly distributed and not clustered in one area, in one part, or i one

ts.

fections ex¢eed the quantity limited by 17.2 to 17.4, but do not exceed twice that qualntity

anufacturer may use standard repair procedures to make repairs without recour
aterials review action. All standard repair welding procedures shall be clearly identifi
id repair procedures shall be approved by the design/engineering authority.

e to
ed as

17.2 Visual examination

17.2.1 Visi

ble imperfections in test specimens or production parts

Production parts and test specimens for machine qualification, pWPS qualification and production
witness test shall not exhibit any imperfections exceeding the specified values in Table 10.

20
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Table 10 — Visible external imperfections

Externalweld impertection | <Pt Bercentageaffestopecimens o spo
Class 1 Class 11 Class III
Cracks not permitted not permitted not permitted
Surface pits with diameter greater than 1,60 mm not permitted not permitted 10 %
Surface pits with diameter less than or equal to 3% 5% 10 %
1,60 mm
Expulsion spatter and surface fusion 3% 5% 10 %

17.2{2 Sheet separation between welded members

Sheel separation between members is not acceptable when it exceeds a) or b) meaSured at 4 distance as

shown in Figure 6:

a) ¥ 15 % of the summed thickness of the outer sheet and the one adjacent to-it, or 0,15 mm, whichever

ils the greater, or

b) % 0,08 mm between foil and the member adjacent to it.

150

fo1

foZ

4

|

a  Maximum sheet separation between welded members at 1,5 Dg; for D, see Table 11.

17.2|{3 Electrode indentation

Figure 6 — Sheet separation between welded members

Elecfrode indentation, e, or e] (see Figure 7), is not acceptable if its depth exceeds the following

limitptions:

a) gheet; class1: 0,1 ¢, or 0,13 mm; whichever is the greater;

b) sheet; classII: 0,15 ¢, or 0,13 mm; whichever is the greater;

c) sheet; classIII: 0,2 t, or 0,13 mm; whichever is the greater;

d) When aerodynamic smoothness is a requirement, the electrode indentation shall not exceed

0,10 mm on sheet.

© IS0 2017 - All rights reserved

21


https://standardsiso.com/api/?name=728ee1095c1d8f8cb7250bb28820582d

IS0 16338:2017(E)

fo1

foZ

Figure 7 — Electrode indentation

17.3 Radiggraphic examination

All class I tgst and production welds and class II test welds shall be examined for)compliance with the
following.

a) For cragks and expulsion spatter, see Table 10 for acceptance limits.

b) No cavity shall have a linear dimension greater than 15 % of the*'nugget diameter or seam [weld
width afp specified in Table 11.

c) No cavity shall extend into the outer annulus of a width@which is equal to 0,075 Ds which is the
requirefl clear annulus as shown in Figure 8. As an alternative, the minimum nugget diameter
or sean] weld width as determined from metallographic examination of production witnesg test
specimé¢ns may be applied to determine the required clear annulus.

d) Cavitieq in the nugget shall not have an aggregate area greater than 5 % of the nugget or feam
weld arga (based on the required nugget.diameter or seam weld width as specified in Table 11) in
materialls of group D, or 10 % in materidls)of groups A, B and C.

e) The nuggets shall be consistent in diameter and shape.
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b) Nomenclature diagram of seam weld
Key
1 required clear annulus
Ds minimum required nugget diameter or seam weld width
NOTE Clear annulus size definition is different for metallographic inspection versus radiographic

inspection. This is based on different nugget diameter/seam weld width definitions, which refer to actual sizes
for metallographic inspection and minimum sizes as per Table 11 for radiographic inspection.

Figure 8 — Nomenclature diagram of spot weld and seam weld
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17.4 Metallographic examination

17.4.1 Gen

eral

The metallographic examination and acceptance criteria are applicable to welding machine qualification
test specimens, standard pWPS qualification test specimens and production witness test specimens.
Examination and acceptance criteria apply to production parts in the event of a test. Metallographic
nomenclature is shown in Figures 8 and 9. Test specimens shall be cross-sectioned, polished and etched
as closely as possible through the centre of the weld for examination. For aluminium and aluminium
alloys, polishing shall be performed wet with a suitable procedure.

Microsectio
at a minimu

hs shall be examined at a minimum magnification of 20x. Macrosections shall be exanj
I of 10x magnification.

SM

0,15 SM

Key
1 required
2 required|

sM actual n

NOTE Cl
inspection. T
for metallogr]

Figure 9

17.4.2 Eled

RS
+° LN

o ot

——— e

o~ _‘:‘\3‘ 1
Ny L

~

°~ —

2 1

clear annulus zone
clear penetration zone
gget diameter or seam weld width, as'determined by metallographic examination

ear annulus size definitigiyis different for metallographic inspection versus radiogrn

his is based on different nugget diameter/seam weld width definitions, which refer to actual
aphic inspection and minimum sizes as per Table 11 for radiographic inspection.

— Nomenclature for metallographic spot weld sections and seam weld transver
sections

troderindentation

Electrode indentation, ey or e (see Figure 7), is not acceptable if its depth exceeds the follol

limitations:
a)
b)
‘)
d)
e)
f)

lined

phic
sizes

sheet; class I: 0,1 ¢, or 0,13 mm; whichever is the greater;
sheet; class II: 0,15 t, or 0,13 mm; whichever is the greater;
sheet; class III: 0,2 t, or 0,13 mm; whichever is the greater;
foil; class I: 0,3 to;

foil; class Il and III: 0,4 t;

0,10 mm on sheet.

24

wing

when aerodynamic smoothness is a requirement, the electrode indentation shall not exceed
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17.4.3 Internal imperfections

Inclusions, cavities and instances of incomplete fusion are acceptable within the nugget of
metallographic sections, except when the weld contains the following:

a)
b)

c)

Any

unless permitted at the discretion of the responsible design/engineering authority.
17.4{4 Nugget penetration

17.4{4.1 General

an imperfection within the clear annulus zone of the nugget (see Figure 9);
an imperfection extending into the clear penetration zone of an outer sheet (see Figure 9);

an imperfection with its largest dimension exceeding 15 % for class I and class I welds, and 25 %
for class Il welds of the nugget diameter or seam weld width as specified in Table 11.

crack in the metallographic section is not acceptable. Coring outside a nugget is nof acceptable

At lepst 80 % of the measured nugget diameter or seam weld width shall exceed the minijpum nugget
penetration requirement. Maximum nugget penetration shall be measured at the maximunp extent into

the duter sheets (see Figure 10).

Key
1
2

17.414.2 Minimum nugget ppnptrntinn

fo1
>0,2 f01

foZ
>0,2 fOZ

v/
1 2

:Einimum nugget penetration
aximum nuggét penetration

Figure 10 — Nugget penetration

Nugget penetration shall comply with the following.

a)

b)

In two equal-thickness members, nugget penetration shall exceed 0,2 times the thickness of each
member into each member.

In two unequal-thickness members, nugget penetration shall exceed 0,2 times the thickness of the
thinner member into each member.

In three or more thicknesses, nugget penetration into the outer members shall exceed 0,2 times the
thickness of the thinner outer member.
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17.4.4.3 Maximum nugget penetration

Nugget penetration shall not exceed:

a) materia

b) materia

1 groups A, B and C: 90 % for all classes;
1 group D: 80 % for class I and class Il welds, 90 % for class I1I welds.

17.4.5 Nugget diameter or seam weld width

17.4.5.1 General

17.4.5.1.1 )

The nugget
each interfa
dimension i
addition to 1
than 120 %

NOTE Ay
specimen nug

17.4.5.1.2

Nugget dia
diameter o1
design/engi
nugget dian

Class I weld|
pWPS qualif

Welding machine qualification and pWPS qualification

Hiameter or seam weld width of all required metallographic sections shall h&émeasurg
ce plane and recorded. From the values of each plane, the average dimension-and the g

equirements of Table 11, the largest nugget diameter or seam weld width shall be not
of the smallest nugget diameter or seam weld width.

boet diameter or seam weld width for class I and class II (see 17.4.5.2).

Production witness test specimens

seam weld width may also be measured on peel test specimens when approved b
heering authority. When metallographic testiig is not required according to Table 8,
eter or seam weld width shall be measuredon the peel, shear or chisel test specimens

s shall be within £ 10 % of the average-nugget diameter or seam weld width recorde
ication or no more than 0,50 mm smaller than the qualification average, when the ave

is larger th

5,08 mm. Class Il welds shall be within + 20 % of the pWPS qualification nugget dian

or seam weld width average.

All welds shall meet the minimum-nugget diameter or seam weld width requirements as spe

in Table 11.

interpolated.

For thicknesses not listed in Table 11, the nugget diameter or seam weld width sh3

Table 11 — Minimum required nugget diameter or seam weld width, D;

d for
west

n the test group shall be entered on the test record form. For peel testCof class I foils, in

more

rerage nugget diameter or seam weld width is recorded for comparison of production witness

meter or seam weld width shall be measure@ on metallographic sections. Nuygget

y the
then

d for
brage
heter

ified
11 be

Dimensions in millinjetres
Tl_licknes 5 of D Tl_1ickness of D Tl_lickness of D
thinner sheet S thinner sheet s thinner sheet S
0,03 0,25 0,45 2,29 1,60 5,08
0,05 0,38 0,50 2,54 1,80 5,33
0,08 0,50 0,55 2,68 2,00 5,72
0,10 0,76 0,65 3,05 2,30 6,10
0,12 0,89 0,70 3,30 2,50 6,35
0,16 1,02 0,80 3,56 2,80 6,60
0,18 1,14 0,90 3,81 3,20 7,11
0,20 1,27 1,00 4,06 3,60 7,62
0,25 1,52 1,10 4,32 4,10 8,13
0,30 1,78 1,20 4,57 4,60 8,64
0,40 2,16 1,40 4,82 4,80 8,89
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17.4.5.2 Spot welds

The minimum nugget diameter for spot welds shall be as specified in Table 11. In welds of two members
of unequal thickness, the thinner member shall determine the required minimum nugget diameter
at the faying surface. In three or more thickness welds, the thinner of the two outer members shall
determine the minimum nugget diameter from Table 11, unless load carrying members are identified
for the qualification combinations, such as in Figures 12 a) and 12 b). In this case, the lesser thickness of
the two load carrying members shall identify and be the determinant of minimum nugget diameter for
each interface lying between them. Each nugget shall be measured at the subject interface plane on the
metallographic section through the centre of the nugget. Foil weld size may be measured by the size of
the fractured peel test specimen instead of a metallographic section, when the foil is an outer member.

17.4|5.3 Seam welds

Width of seam welds (either continuous weld or intermittent weld) shall be determined b}
sectipns and shall comply with the requirements specified in Table 11. On the longitudinal c1
the height of the melted zone at the intersection between successive nuggetsshall be a
0,2 t§ on either side of the joint face (see Figure 11).

17.5 Mechanical testing
17.5}]1 Spot welds — Sheet

17.5}]1.1 Welding machine qualification test specimen and pWPS qualification test sp

a)

b)

d)

Figure 11 — Seam weld‘overlap requirement

Fach and every shear.test specimen, such as Figure 1 a) or Figure 1 b), shall equal o
minimum shear foreespecified in Tables 12 to 14.

The average sheaf-force shall equal or exceed the applicable minimum average shear fof
iin Tables 12 t0.14.

[onsisteficy requirements for materials of groups A, B and C: for class I and class [1 w

achwof the remaining 10 % of the welds shall have shear force values within 20 % of thd

F transverse
oss-section,
minimum of

pcimen

" exceed the

ce specified

elds, each of
lot average.
lot average.

EO %f\the number of welds tested shall have shear force values within 10 % of the

[elass 111 welds shall be within 33 % of the lot average.

Consistency requirements for materials of group D: for class I and class Il welds, 90 % of the number
of welds tested shall have shear force values within 12,5 % of the lot average. Each of the remaining
10 % of the welds shall have shear force values within 25 % of the lot average. All class Il welds

shall be within 35 % of the lot average.
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Table 12 — Shear force requirements for spot weld sheet specimens — Material groups A and
B — Steel, nickel and cobalt alloys

) Ultimate strength, R,
Thickness of MPa
thinner sheet
<620 620 <Ry <1034 1034<Ry<1275 >1275
¢ Shear force per weld spot
N

mm min. min. min. min. min. min. min. min.

avg. avg. avg. avg.
0,22 440 555 586 76 786 935 8956 +6D0
0,25 510 625 710 865 910 1135 1090 13855
0,30 665 825 890 1090 1225 1510 1555 18R5
0,40 955 1155 1310 1625 1780 2200 2135 2 6415
0,45 1110 1355 1510 1845 2200 2670 2625 32p5
0,50 1245 1535 1735 2135 2 355 2915 2 825 3490
0,55 1470 1800 2000 2 445 2715 3360 3245 4 0p5
0,60 1650 2000 2200 2700 3000 3,700 3600 4450
0,65 1780 2200 2 355 2915 3225 3980 3870 4780
0,70 2070 2555 2 825 3400 3805 4 690 4560 56p5
0,80 2515 3090 3445 4250 4 650 5695 5560 6 80
0,90 3070 3825 4090 5070 5580 6870 6 670 8 2B0
1,00 3625 4 450 4735 5825 6 495 8005 7 785 9565
1,10 4 470 5515 5715 7 050 7 985 9830 9340 10 495
1,20 4850 6000 6 150 7600 8 650 10 500 10 000 12 500
1,30 5315 6560 6 695 8250 9450 11 655 10900 13 345
1,40 6 495 8 005 7 875 9720 11 340 13990 12 810 15 790
1,60 7 830 9 650 9 385 11 545 13 745 16 970 15790 19 460
1,80 9250 11 385 14 275 13900 16 590 20 440 18 680 22 905
2,00 10920 13 455 13365 16 480 19 615 24 195 21575 26 490
2,30 12 830 15 835 15 635 19 280 22 640 27 910 24910 30 490
2,50 14 680 187105 17 790 21680 25 445 31360 28 020 34 470
2,80 16 880 20 795 20 215 24 955 28 310 34 940 31135 38 455
3,20 19 125 23620 22530 27 800 31490 38830 34 630 42 700
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Table 13 — Shear force requirements for spot weld sheet specimens — Material group C —
Titanium alloys

. Ultimate strength, R,
Thickness of MPa
thinner sheet
<689,5 >689,5
¢ Shear force Kler weld spot

mm min min. min. min,

avg. avg.
6,25 740 935 5916 +386
0,30 890 1155 1225 1600
0,40 1310 1710 1780 2310
0,45 1510 1980 2180 2825
0,50 1735 2270 2 355 3070
0,55 2000 2600 2715 3.535
0,60 2160 2 820 2 945 37855
0,65 2 355 3070 3225 4205
0,70 3380 3670 3 805 4940
0,80 3445 4450 4515 6 050
0,90 4090 5340 5580 7 250
1,00 4735 6 160 6 495 8 450
1,10 5715 7430 7 985 10 410
1,20 6175 7930 8 685 11 310
1,30 6 695 8 495 9450 12 275
1,40 7 875 10 230 11 340 14 765
1,60 9385 12 145 13 345 17 345
1,80 10 625 13 855 15035 19 570
2,00 12 010 15 610 16 945 22 060
2530 13 520 17 590 19 080 24775
2,50 15035 19 550 21170 27 445
2,80 16 835 21905 23 665 30 245
3,20 18770 24 420 26 465 34 250
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Table 14 — Shear force requirements for spot weld sheet specimens — Material group D —
Aluminium and magnesium alloys

. Ultimate strength, R,
Thickness of MPa
thinner sheet
<135 135 < Ry < 240 240 <Ry, <386 > 386
¢ Shear force E\)Ier weld spot

mm min. min. min. min. min. min. min. min.

avg. avg. avg. avg.
0,25 225 256 265 335
0,30 90 110 135 175 290 380 335 425
0,40 225 290 310 400 445 555 490 625
0,45 290 380 380 490 510 645 555 710
0,50 355 445 445 555 600 755 625 780
0,55 425 535 535 665 690 865 710 890
0,60 490 625 645 825 780 890 825 1 045
0,65 540 685 705 900 840 1.020 885 1115
0,70 600 755 780 980 910 1155 995 1200
0,80 735 935 935 1180 1045 1310 1155 1 445
0,90 865 1090 1135 1425 1225 1535 1355 1710
1,00 1000 1270 1335 1670 1380 1735 1535 1935
1,10 1155 1445 1555 1955 1645 2070 1800 2270
1,20 1225 1535 1665 2085 1770 2230 1950 2 400
1,30 1310 1645 1780 2 225 1910 2400 2070 2 600
1,40 1510 1890 2110 2645 2290 2870 2470 2980
1,60 1755 2200 2535 3180 2715 3400 2980 3635
1,80 2000 2515 2 780 3600 3200 4005 3670 4 605
2,00 2335 2935 3400 4270 3805 4760 4560 5715
2,30 2 645 3315 3870 4850 4450 5560 5580 6 985
2,50 3000 3660 4180 5225 5205 6515 6 630 8 295
2,80 3270 4.090 4450 5580 5960 7 450 7 915 9 895
3,20 3490 4/380 4670 5850 7 228 9 050 9430 11 785
3,60 — — — — 8540 10 675 11230 14 (55
4,10 =< — — — 10 585 13565 13880 17 345
4,60 — — — — 13 345 16 680 16 570 20730
4,80 — — — — 14 410 18 015 17 950 22 440

30 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=728ee1095c1d8f8cb7250bb28820582d

IS0 16338:2017(E)

17.5.1.2 Production witness test specimens

The test lot average of the shear forces shall be not less than the applicable value shown in Tables 12 to
14 and no weld shall be less than the applicable minimum value shown in Tables 12 to 14. In addition,
for class |, the test lot average shall be not less than 0,9 times of the average of the shear forces achieved
in WPS qualification.

The span between the lowest and highest shear force values from the test specimens shall be less than
35 % of the applicable production test lot average.

EXAMPLE Measured tensile shear forces:

— 3J400N
— 3|100N

— 3|700N

Mean value: a

~ 10200N
a-= - 3400 N
3
Span/S; $=3 700 N-3 100 N=600 N
600N(s)
%S 4 ——— %100 = 17,6%
3400N(a)

17.5{2 Spot welds — Foil

For the pWPS qualification test specimen, preduction witness test specimens and welding machine
qualification test specimen, the following méchanical criteria apply. The test specimen configuration is
shown in Figure 3.

a) (lass I and class II: the peel test'tun shall cause a button (plug) pull-out failure in at I¢ast 95 % of
the welds tested. The remaining 5 % may fail at the interface plane, but there shall bg evidence of
flusion at the interface in each case.

b) (lass IIl: peel tests shall.cause a button (plug) pull-out failure in at least 85 % of the welds tested.
The remaining 15 %-may fail at the interface plane, but there shall be evidence of fusion at the
interface in eachase.

17.5{3 Seam welds — Foil

For the pW®PS qualification test specimen, production witness test specimens and weldjng machine
qualification test specimen, the following mechanical criteria apply.

a) Classttheweldspecimenshattbetestedinpeet Faitureshattoccur by tearing of thie mmetal adjacent
to the weld nugget for more than 95 % of the weld length. The remaining portion of the weld length
may fail by fracture across the weld in the faying plane, but continuous fusion shall be evident.

b) Class Il and class III: the weld specimen shall be tested in peel. Failure shall occur by tearing of the
metal adjacent to the weld nugget for more than 85 % of the weld length. The remaining portion of
the weld length may fail by fracture across the weld in the faying plane, but continuous fusion shall
be evident.

17.5.4 Multiple members test specimen

If more than two members are assembled, the mechanical tests shall be repeated for separate
examination of each assembly joint face (two series of tests for assembly of three sheets, three series
for four sheets, and so on; see Figure 12). For peel tests on foils, the same principle applies.
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a) Case of 3 sheets

b) Case of 4 sheets

Figure 12 + Tests on assemblies of more than two sheets — Tensile shear test on each joint{face

18 Welding procedure qualification record (WPQR)

Documentation of the qualification tests (see Clause 14], including the welding parameters, |shall
be contained in a completed WPQR, which should bg“made available to the quality assurance|(QA)
personnel. Hor a suggested form, see Annex C.

The WPQR shall detail the results of examination according to Clause 17. The examination page |shall
have a formal indication of the success or{failure to meet the acceptance criteria applicable tp the
subject mat¢rial combination.
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Annex A
(informative)

Machine qualification test report form

A.1 For resistance spot welding machine
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Company: Date:

Manufacturer of the machine: Location of machine:

Machine type: Machine serial number:

Manufacturer of controller: Nominal power: kVA
Controller type: Controller serial number:

Material group:

Qualified for class:

Test pieces welded Test material designation, material condition:

Thickness combination: mm + mm

Surface treatment: according to specification:
Electrodes Electrode material designation: Electrode material type according to:

TRT " = N 1 1]

TH-etaretes TXteTTIar COuITg 1y ] no

(upper/lower): mm

Convexity radius (upper/lower): mm
Distance in height between Electrode arm length: mm
electrode arms mm
Weld pitch (cerjtre to centre): mm Approximate weld .

spot sequence: weld spots/nfin
Parameter sett|ngs, see WPS No:
Record of currgnt/electrode force/time-measurements (optional):
Examination offwelded test pieces according to ISO 16338
Visual examinafion I:I pass Radiographic I:I pass Metallographic I:I pass
examination examination
[ ] fail [ ] fail [ ] fail

Test report No,| Test report No. Test report No.

1 23 45 67 89

2 24 46 68 90*

3 25 47 69 91

4 26 48 70%* 92

5 27 49 71 93

6 28 50 72 94

7 29 51 73 95
Shear force, in 8 30* 52 74 96
newtons (N), aphd 9 31 53 75 97
nugget diametdr, in 10* 30 54 76 98
millimetres (m n),. of 11% 33 55 77 99
spot No. (for mpltiple 5
spot test pieceq, the 12 34 6 78 100
first spot shall be 13 35 57 79 101
discarded from|each 14 36 58 80 102
test piece prodficed) 15 37 59 81 103

16 38 60 82 104

17 39 61 83 105

18 40 62 84

19 41 63 85

20 42 64 86

21 43 65 37

22 44 66 88
Subtotal, in N

*Weld spot designated for metallographic examination.
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