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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 techni

cal

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
electrotechnical standardization.

of

The procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for
different {ypes of ISO document should be noted. This document was drafted in accordance lwith
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO drawg attention to the possibility that the implementation of this document may involve the

hre
the
Lhe

INS

of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rights in respect thereof. As of the date of publication of this document,"ISO had not receiy
notice of (p) patent(s) which may be required to implement this document. However, implementers
cautioned|that this may not represent the latest information, which may,be-ebtained from the pat
database gvailable at www.iso.org/patents. ISO shall not be held respongible for identifying any orj
such patent rights.

Any trade|name used in this document is information given for th€ convenience of users and does
constitutd an endorsement.

For an eyplanation of the voluntary nature of standards,“the meaning of ISO specific terms 3
expressiofs related to conformity assessment, as well“as information about ISO's adherence
the World Trade Organization (WTO) principles .irv;the Technical Barriers to Trade (TBT),
www.iso.¢rg/iso/foreword.html.

This docyment was prepared by Technical\Committee ISO/TC 44, Welding and allied proces
Subcommjttee SC 6, Resistance welding and.allied mechanical joining, in collaboration with the Europ
Committeg for Standardization (CEN) Technical Committee CEN/TC 121, Welding and allied proces
in accordgdnce with the Agreement on technical cooperation between ISO and CEN (Vienna Agreeme

This fourth edition cancels and replaces the third edition (ISO 15614-13:2021), which has bq
technically revised.

The main changes are as follows:

— petal fest changedte'bend test and bend test changed to three-point bend test;
— scopelalignedwith ISO 15614-1;

— Clauses 243§ 7 and 8 updated;

red
hre
bnt
all

not

nd
to
bee

bes,
an
bes,
nt).

EEI

— clausenumbering Tevised;

— Annex A and Annex B combined into a new Annex A.
— Table 1 modified;

— Clause 9 aligned with ISO 15614-1;

Alist of all parts in the ISO 15614 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html. Official
interpretations of ISO/TC44 documents, where they exist, are available from this page:

https://committee.iso.org/sites/tc44/home/interpretation.html.
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Introduction

It is intended that all new welding procedure qualifications be carried out in accordance with this
document from the date of its publication.

However, this document does not invalidate previous welding procedure qualifications made to other
standards or specifications, provided the intent of its technical requirements is satisfied and the
previous welding procedure qualifications are relevant to the application and production work on
which they are to be employed.

The primary purpose of welding procedure qualification is to demonstrate that the joining process
proposed for construction is capable of producing joints having the required mechanical‘properties for
thg intended application.

Details of the ISO 15614 series are given in ISO 15607:2019, Annex A.
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INTERNATIONAL STANDARD

ISO 15614-13

:2023(E)

Specification and qualification of welding procedures for
metallic materials — Welding procedure test —

Part 13:
Upset (resistance butt) and flash welding

1

Th
wej
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do
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wej
an

Scope

s document specifies how a preliminary welding procedure specification (pWPS) is qu
|[ding procedure tests.

s document defines the conditions for the execution of welding precédure tests and
qualification for welding procedures for all welding operations within the qualificati
fument.

o classes of welding procedure tests are given in order to, p€bmit application to a wid
[ded fabrication. They are designated by classes A and B. ln<lass A, the extent of testing
| the ranges of qualification are more restrictive than in«lass B.

Pr;l»
W

NO
Th
in

res

2
Th

comstitutes requirements of this document. For dated references, only the edition cited aj

un

cedure tests carried out to class A automatically qualify for class B requirements, but not y
en no class is specified in a contract or application standard, all the requirements of class
TE Class B corresponds to level 1 and class &,Corresponds to level 2 in accordance with ISO 15

s document applies to upset (resistangé)butt) welding and flash welding of any metallic|
pll product forms (e.g. with solid, tubular, flat or circular cross-sections). It covers the
istance welding processes, as defined in 1ISO 4063:2023:

24 - flash welding, using direct current or alternating current with various movement s
constant flashing and pulsed flashing;

25 - resistance butt welding (upset welding), using direct current or alternating cui
various current andpressure sequences.

Normative references

e following documents are referred to in the text in such a way that some or all of the

Hated references, the latest edition of the referenced document (including any amendment

alified by

the range
bn of this

e range of
is greater
rice-versa.
A apply.
614-1.

materials
following

equences,

rent with

ir content
pplies. For
5) applies.

[SO 669, Resistance welding — Resistance welding equipment — Mechanical and electrical requirements

ISO 4136, Destructive tests on welds in metallic materials — Transverse tensile test

ISO 5173, Destructive tests on welds in metallic materials — Bend tests

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

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

IS0 9015-2, Destructive tests on welds in metallic materials — Hardness testing — Part 2: Microhardness

tes

ting of welded joints

© IS0 2023 - All rights reserved
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ISO 11666, Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

[SO 14732, Welding personnel — Qualification testing of welding operators and weld setters for mechanized
and automatic welding of metallic materials

ISO 15607:2019, Specification and qualification of welding procedures for metallic materials — General
rules

ISO 15609-5, Specification and qualification of welding procedures for metallic materials — Welding
procedure specification — Part 5: Resistance welding

ISO 15620:Z019, Welding — Friction welding of metallic materials

ISO 17639} Destructive tests on welds in metallic materials — Macroscopic and microscopic examingtion of
welds

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, ¢nd
assessmenft

ISO 23277 Non-destructive testing of welds — Penetrant testing — Acceptance leyels

ISO 23279, Non-destructive testing of welds — Ultrasonic testing — Characterization of discontinuitie§ in
welds
3 Tern[s and definitions

For the pul
apply.

poses of this document, the terms and definitions given in ISO 669, ISO 6520-2 and ISO 15407

ISO and IHC maintain terminology databases for use in;standardization at the following addresses:

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

— IEC Electropedia: available at https://wwwselectropedia.org/

4 Preliminary welding procedure specification

The pWPY shall be prepared in accordance with ISO 15609-5. It shall specify all relevant parameters
and requirements.

5 Welding procedupe test
The weldihg and testing of test pieces shall be in accordance with Clauses 6 and 7.

Any weld |settetfor resistance welding who satisfactorily undertakes the welding procedure tesf in
accordandecwith this document shall be qualified for the appropriate range of qualification given in
1SO 147324

6 Test pieces and test specimens

6.1 General

The welded assembly tested shall be the actual component used in production. Test specimens shall be
cut from the actual component.

If not possible, comparable welds shall be performed on test specimens according to references included
in 6.2.

2 © IS0 2023 - All rights reserved
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6.2 Shape and dimensions of test specimens

6.2.1 General
The testing includes non-destructive testing (NDT) and/or destructive testing.

The selection of test class A or B, test types and the number of test specimens depends on the
performance, safety and quality requirements of the component or assembly and shall be established

before any qualification is undertaken.

Examplesaregivenintablet
If ot otherwise specified, test specimens of the shape and dimensions stipulated in 6.2:2 to |6.2.6 shall
beused.
Table 1 — Examples for testing and examination of test spec¢imens
Work piece Test type Extent gfigst?
Class B Class A
Bars/rods Visual test Every weld Every weld
Penetrant testP Every weld Every weld
Tensile test — Three specimg¢ns¢
Three-point bend test Two speciméns¢ Six specimer]s¢
Macrosectiond — One weld
Hardness testd — One measuringrow®
Hollow profile Visual test Every weld Every weld
Penetrant testb Every weld Every weld
Tensile test Two specimens Three specimens
Bend test Two specimens® Six specimer]s¢
Macrosection®f — One weld¢
Hardness testd — One measuringrow®
Depending on the application, two optional test classes should be distinguished, according to the load:
A: For application under static gtress up to the highest fatigue stress for the parent material.
B: For application under stafic)stress of up to 50 % of the level allowed for the parent material.
a | For statistical analysisya higher number of samples, for example 11, shall be tested to compute average afjd standard
deyiation.
b | See 7.2.3. For‘férrfomagnetic materials, magnetic particle testing can be used instead of penetrant testing (§ee 7.2.4).
¢ | When thé used test pieces are large enough, more than one specimen can be taken from one weld joint.
d | Not required for steels in group 1 in accordance with ISO/TR 15608 under static loading, except for low-tpmperature
applications.
¢ | Measuring row in a macrosection transverse to the weld

f The cupping test is preferred for steels which have a tensile strength up to 450 N/mm? and wall thicknesses up to
5 mm. For higher tensile strength(s) and/or thicker materials, use the three-point bend test. With aluminium materials, the
deformation capacity of the unaffected parent material determines the sheet thickness up to which the cupping test can be
used for the welded joints.

g8  Atleast two welds shall be carried out.

h " One test specimen from each edge and one from the middle; if test class B is relevant, one specimen from the edge and
one from the middle.

©1S0 2023 - All rights reserved 3
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Table 1 (continued)
. Extent of test?
Work piece Test type
Class B Class A
Sheet metal and Visual test Every weld8 Every weldg
strips Penetrant testb — Every welds
Tensile testh Two specimens per weld joint8 | Three specimens per weld
joint8
Three-point bend Two specimens per weld joint8 | Three specimens per weld
rocafh eiaadd
LtCoLl JUlll\,U
Cupping testfh — Three specimens per weld
joint8
Macrosectiondh — Three specimenSper weld
jointg
Hardness testd — One meastring row®

Depending
A: For appli
B: For appli

a  For sta
deviation.

b See 7.2

d  Notred
application

¢ Measuj

f The cu
5 mm. For }i
deformatio
used for thd

g Atleas

h " One tes
one from th

¢ When tlhe used test pieces are large enough, more than one specimen can‘be taken from one weld joint.

pbn the application, two optional test classes should be distinguished, according to the load:
cation under static stress up to the highest fatigue stress for the parent material.
cation under static stress of up to 50 % of the level allowed for the parent matexial!

fistical analysis, a higher number of samples, for example 11, shall be testedto compute average and stand

3. For ferromagnetic materials, magnetic particle testing can be use@®instead of penetrant testing (see 7.2.4)

uired for steels in group 1 in accordance with ISO/TR 15608,under static loading, except for low-temperat

p.
ing row in a macrosection transverse to the weld.

bping test is preferred for steels which have a tensile strength up to 450 N/mm?2 and wall thicknesses up
igher tensile strength(s) and/or thicker materials, use the three-point bend test. With aluminium materials,
h capacity of the unaffected parent material determines the sheet thickness up to which the cupping test can|
welded joints.

two welds shall be carried out.

t specimen from each edge and one.from the middle; if test class B is relevant, one specimen from the edge 3
e middle.

rd

Lre

to
he
be

6.2.2 Te

The test
standard

6.2.3 B(¢

The test s

nsile test specimen

pecimen shall be)prepared taking into consideration ISO 4136 and ISO 6892-1 and :
referenced by-the applicable contract or specification.

end test.specimen

becimen shall be prepared in accordance with [SO 5173.

iny

6.2.4 Cupping test specimen

The specimen dimensions should be such that they can be tested on Erichsen cupping test equipment.)

6.2.5 Hardness test specimen

The test specimen shall be prepared in accordance with ISO 9015-2.

A macrosection transverse to the weld shall be prepared and etched in accordance with 7.4.

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

4
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6.2.6 Bend test specimen using thin sheets

The test specimen shall be prepared in accordance with ISO 15620:2019, Figure 8.

Any deviations from the requirements shall be defined in the design specification.

6.3 Welding of components, test pieces or test specimens

:2023(E)

Preparation of components, test pieces or test specimens and the welding of the test pieces shall be
carried outin accordance with the welding procedure specification (WPS) and the general requirements

of h

g o oo oo

7

7.1

Th
thd

Th
hei

7.2

7.2
Fo1

Testing and examination

Extent of testing

b testing includes non-destructive and/or destructive testing (see examples in Table 1). It
quality requirements of the component to be welded.

b size of the test specimens shall include the zone in which failureiis’liable to occur, even g
t-affected zone (HAZ).

Non-destructive testing (NDT)

.1 General

comform to the specifications in the respective@tandards, e.g. complete burr removal for the

tes

7.2

Vis
tern

t.

.2 Visual test

ual testing should be carried out’in accordance with ISO 17637. Use a magnifying glass
fold magnification) to inspect the welds for visible imperfections, such as surface cra

expulsion and weld burr shallalso be taken into consideration if they have not been removg

aft

7.2

er the welding process.

.3 Penetranttest

Penetrant testifng-shall be carried out in accordance with ISO 23277.

7.2
Fei

4 Magnetic particle test

romagnetic materials can be subjected to magnetic particle testing in accordance with

shall meet

utside the

effective application of non-destructive testing of specimens, the condition of the specifnens shall

penetrant

(sixfold to
rks. Metal
d directly

[SO 17638

L ¥ e Vo YeXal-TaY

an

7.2.5 Eddy current test

For ferritic materials, penetrant testing (7.2.3) or magnetic particle testing (7.2.4) can be substituted
with eddy current testing in accordance with ISO 17643, if applicable.

7.2.6 Ultrasonic test

Ultrasonic testing shall be carried out in accordance with ISO 11666, ISO 23279 and ISO 17640, if
applicable.

© IS0 2023 - All rights reserved
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tructive tests

7.3.1 Tensile test

Tensile testing shall be carried out in accordance with ISO 6892-1.

7.3.2 Three-point bend test

Bend testi

ng shall be carried out in accordance with ISO 5173.

7.3.3 C\Lpping test

The cuppi

7.34 B¢

Bend testing shall be carried out in accordance with ISO 15620:2019, Figure 8. Circular tubes with t

walls can

7.4 Mad

The test sj
to show th
accordand

7.5 Harndness distribution

The surfa

accurate measurements of the diagonal of the indentations can be obtained in the different zones

the welde
hardness
Ccross-sect

as a parallel at 0,6 times the radius to the/centre axis. With a steel sheet section, the trace shall

0,6 times
shall be c3

7.6 Ret

If the com
NDT spec
the test re
welding p

If any tes

hg test should be carried out using Erichsen cupping test equipment.2)

bnd test

be tested using the bend test.

'rosection

e with ISO 17639.

Ce of the cross-section to be tested shall be properly prepared and preferably etched, so t

[ joint. The hardness can be determingd in one or more traces. A trace consists of a row
ndentations, where all individual indentations are in a straight line. In the case of a circu
ion, if only one trace has been defined in the design specification, the trace shall be arrang

[he sheet thickness and positioned parallel to the sheet surface. The hardness measurem
rried out in accordance with ISO 9015-2.

psting
ponent or test piéee fails to conform to any of the requirements for the visual examination

sults of this'additional component or test piece also do not conform to the requirements,
roceduretest is considered to have been failed.

I specimen fails to conform to the requirements for destructive testing, due only to w

fied, one further component or test piece shall be welded and subjected to the same testg.

hin

pbecimen shall be prepared as a cross-section cut through théweld, which shall then be etcljed
e weld zone with the HAZ and the unaffected parent material. The test shall be carried ouf

in

hat

of

of
lar
red
be
bnt

or
If
the

eld
nal

imperfect

ons, two further test specimens shall be obtained for each one that failed. Each additio

test specimen shall be subjected to the same tests as the initial, failed, test specimen. If either of the
additional test specimens fails to conform to the requirements, the welding procedure test is considered
to have been failed.

8 Range of qualification

8.1 General

All of the conditions of 8.1 to 8.4 shall be met independently of each other.

2) This information is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

6
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Changes outside the ranges specified require another welding procedure test.

8.2 Related to the manufacturer

A qualification of a WPS obtained by a manufacturer is valid for welding in workshops or sites under
the same technical and quality control of that manufacturer.

8.3 Related to the parent metal

All tests shall be carried out with materials as they are used in production (shape, thickness, chemical

analysis, mechanical properties and heat treatment).

For a qualification of different materials on the same machine, the tests shall be carriedout

m

Qu

ma
8.4

8.4
Th

8.4
Th
ide
8.4
Th
he
9

Th

pie
wi

terial group used in production (see ISO/TR 15608).

Ximum cross-sections.
.  Welding procedures

.1 Welding process

e qualification only applies to the welding process used insthe welding procedure test.

.2 Welding equipment

e qualification only applies to the welding equipnient actually used in the welding procedu
ntical machines (e.g. same make and type, methanical and electrical parts, tooling).

.3 Pre- or post-weld heat treatment
it treatment require requalification of the WPS.

Welding procedure‘qualification record (WPQR)

e welding procedure'qualification record (WPQR) is a statement of the results of assessin

h details of any féatures that would be rejectable by the requirements of Clause 7. If no

features or unageéptable test results are found, a WPQR detailing the welding procedure
reqults is qualified and shall be signed and dated by the examiner or the examining body.

A WPQRform shall be used to record details and class for the welding procedure and the test

orderto facilitate uniform presentation and assessment of the data.

with each

plification of different work piece geometries may be carried out through tesging the minfimum and

e test and

e qualification applies only for heat treatment used in the welding procedure test. Chanjges to the

b each test

ce, including retests: The relevant items listed for the WPS in ISO 15609-5 shall be included, together

rejectable
test piece

results, in

An example of WPQR format is shown in Annex A (see Tables A.1 to A.6), which may be modified by the
user.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Example of a welding procedure qualification record (WPQR) form

Welding procedure qualification — Test certificate

Manufactlllrer's welding procedure

Reference

no.:

Manufactyirer:

Address:
Code/test
Date of we

Extent of

Welding process: flash welding/upset (resistance butt) welding [¢xoss out whichever is not applicablel]

Extent of ¢

Joint type

ng standard:
lding:

qualification

esting:

Parent mgterial(s):

Weld cros

5-section (mm?2):

Average thickness (mm):

If tube or

Welding e

quipment/machine:

Manufact

Type of current: alterndting current/direct current

rer of the machine:

Weld programme:

Post-weld|heattreatment:

circular bar material, outside diameter (mm):

Examiner or examining body**
Reference no.**:

**f applicable

Average width (mm):

Wall thickness(mm):

Year of manufacture:

[cross out whichever is not applicable.]

Other information:

Certified that test welds prepared, welded and tested satisfactorily in accordance with the requirements

of the code/testing standard indicated above.

Location

Date of issue

Examiner or examining body **

Name, date and signature

** manufacturer can be examiner/examining body instead if possible

© IS0 2023 - All rights reserved
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Record of weld test

Location of testing:

Manufacturer’s pWPS no.:

Manufacturer:

Wp]ding process:

ISO 15614-13:2023(E)

Weld setter name:

Parent material specification:

If applicable, examiner or examining body:

Flgsh welding/upset (resistance butt) welding

—

Jo

ht type (if required):

[cross out whichever is not applicabled

Joint design

Welding sequence/welding prograrhme

Wdlding machine name and type:

Manufacturer’s name of the machine:

Type of current: alternating current/directcurrent

Wdld cross-section (mm?):

Average thickness (mm):

If tube or circular bar material, outside diameter (mm):

Component in closed shape like ring: no/yes

Parent material(s):

Joipt preparation details (sketch), if required:

Me1chine setting:

[cross out whichever is not applidable.]

Average width (mm):

Wall thickness(mm):

[cross out whichever is not applidable.]

Table A.1 — Setting parameters for welding machine

Electrical setting

Mechanical setting

No-load
voltage

\'

Input
voltage

\Y

Initial die
opening

mm

Final die
opening

mm

Initial
gap
mm

Flash loss? | Total loss

Clamping force

kN

mm mm

Left

Right

a  Applicable only for flash welding.

Welding parameters (select one table depending on the welding process used).
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ISO 15614-13:2023(E)

Table A.2 — Welding parameter settings for flash welding??

If morg

stages are necessary, add rows.

¢ Ifup-slppe and/or down-slope heating are incltided in the sequence, add column(s).

Current on/off sequence Moving mode
Force | Current No-load Flashing | Total and speed
Process voltage | . On- | Off- travel | travel | ofplatenor
stage kN kA _No-0 time | time description of
\Y impulse mm mm welding
S S sequence
Preheating
Flashing
Upsetting
Post
heating
a  ISO4063:2023, process 24.
b When preheating and/or flashing are necessary, add row(s).
Table A.3 — Welding parameter settings for upset weldinga-¢
Current on/off sequence Moving
Procesk Force Current Time _ On- Off- speed of | Displacemept
stage KN KA No.ofim- | ¢ime time platen mm
pulses
s s mm/s
Squeezg — — —
Heat 1..p —
Forging —
Post —
heating
a ]SO 406¢3:2023, process 25.

Location Date of issue Examiner or examining body **
Name, date and signature
** manufacturer can be examiner/examining body instead if possibple
10
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