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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Annex

A has been reworded to focus on the knowledge of the welding unit and its operation;
B has been reworded to focus on the knowledge of the welding technology;
C has been modified to fit to the extended validity of the qualification.

parts in the ISO 25239 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.
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Introduction

Welding processes are widely used in the fabrication of engineered structures. During the second half
of the twentieth century, fusion welding processes, wherein fusion is obtained by the melting of parent
material and usually a filler metal, dominated the welding of large structures. In 1991, Wayne Thomas
at TWIinvented friction stir welding (FSW), which is carried out entirely in the solid phase (no melting).

The increasing use of FSW has created the need for this document in order to ensure that welding is
carried out in the most effective way and that appropriate control is exercised over all aspects of the
operation. This document focuses on the FSW of aluminium because, at the time of publication, the
majpority of commercial applications for FSW involved aluminium. Examples include railway carriages,
congumer products, food processing equipment, aerospace structures, and marine vesse€ls,

© IS0 2020 - All rights reserved v
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Scope

5 document specifies requirements for the qualification of welding operators for friction s
W) of aluminium. In this document, the term “aluminium” refers to aluminium and'its all

5 document does not apply to “operators” as defined in ISO 25239-1.

5 document does not apply to friction stir spot welding which is covered by the ISO 1878]

Normative references

following documents are referred to in the text in sucha'way that some or all of th
Stitutes requirements of this document. For dated reféperices, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

25239-1, Friction stir welding — Aluminium — Payr¢d: Vocabulary

25239-4:2020, Friction stir welding — Aluminium — Part 4: Specification and qualificatior
cedures

25239-5:2020, Friction stir welding — Aluminium — Part 5: Quality and inspection require

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 25239-1 apply.

and IEC maintain teyminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Requirements

tir welding
0yS.

series.

Pir content
pplies. For
[s) applies.

of welding

ments

dresses:

4.1
Wel

Wetding operatorquatification
ding operators shall be qualified by one of the following tests, as detailed in 4.3:

standard welding test, see 4.3.1;

welding procedure test, see 4.3.2;

pre-production welding test or production welding test, see 4.3.3;

production welding sample test, see 4.3.4.

In addition, the welding operator's knowledge of the welding unit to be used for the qualification test and
the knowledge of the welding technology shall be tested and documented as shown in Annexes A and B.

© IS0 2020 - All rights reserved
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The essential variables and ranges of qualification are specified in 4.2 and the validity is specified
in Clause 5. Provided that the welding operator works in accordance with a welding procedure
specification (WPS), the range of qualification shall be limited only as specified in 4.2.

A suggested form for the welding operator's qualification certificate is shown in Annex C.
4.2 Essential variables and ranges of qualification

4.2.1 General

> 2. 2.5 For
ial variable, a range of qualification is defined. If a welding operator is required to-feld
outside thg range of qualification, then a new qualification test is required.

NOTE Friction stir welding is a mechanized process. However, because it is also a solid;state welfling
process, the essential variables are different from those applicable to fusion welding processes

4.2.2 Friction stir welding methods

A successful welding operator qualification test made with any type of \FSW method qualified an
operator only for that welding method. This subclause applies to FSW methods that include, but arefnot
limited to, fobotic, single spindle, multiple spindle, bobbin tool, adjustable tool probe, or any other fSW
method defined in the WPS used for that qualification test.

4.2.3 Welding equipment
The follow|ng changes require a new qualification:

— a chanjge from welding with a joint sensor to welding without, although welding without a jpint
sensor|also qualifies an operator to weld with a joint sensor (i.e. location, height mismatch, ...);

— a change from one type of welding machine to another type of welding machine that requjires
additignal training to operate;

— atest made with any type of machine qualifies only that type of machine, although the additioh or
removhl of jigs and fixtures, feeding units and other ancillary equipment does not change the tfype
of machine;

— additign, removal or changeof control system.

4.2.4 Pafpent materials
A successfill test w€ld made in any aluminium alloy qualifies an operator for all aluminium alloys.

A successflil test'weld of any parent material thickness qualifies an operator for all parent matgrial
thicknesses!

A successful test weld of any parent material form (including, but not limited to, sheet, tube, castings,
forgings or extrusions) qualifies an operator for all parent material forms and for all tube diameters.

4.2.5 Weld joint geometry

A successful test weld made in any weld joint geometry qualifies an operator for all weld joint
geometries.

4.2.6 Quality acceptance levels

A welding operator qualified to one weld quality acceptance level in accordance with ISO 25239-5:2020,
Annex A, shall be qualified for all acceptance levels.

2 © IS0 2020 - All rights reserved
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4.3 Qualification methods

4.3.1 Qualification based on standard welding test

The test piece shown in Figure 1 shall be used for the standard welding test. A welding operator who
has successfully completed the welding test in accordance with 4.4 shall be considered qualified for the
method and type of welding machine used for the test.

a
- 2 3 2 3
[ /[ /[ /[
s ¢ ‘ )
£
,J
r A"‘q
1 ]
11 IZ Il
s
Key
1 weld Iy minimum 50 mm or three times the wleld
2 area for root bend test specimen penetration whichever is greater
3 area for face bend test specimen L minimum 50 mm
4 area for test specimen for macroscopic I3 minimum 500 mm
examination a Weld direction.
The|width of the test piece shall be sufficient for extracting the bend test specimens.
NOTE Not to scale. $tart'and stop of the weld are not shown in this figure.
Figure 1 — Location of destructive test specimens
4.312 Qualification based on welding procedure test
A welding operator shall have successfully completed a welding procedure test in accorglance with

[SO 25239-4:2020, Clause 6, to be considered qualified for the method and type of welding machine used.

4.3.3 Qualification based on pre-production welding test

A welding operator shall have successfully completed a pre-production welding test in accordance with
[SO 25239-4:2020, Clause 7, to be considered qualified for the FSW method and type of welding machine
used for the test.

4.3.4 Qualification based on production sample welding test

A welding operator having successfully set up a production part shall be considered qualified if
representative samples of the items that are produced are approved by the examiner or the examining

© IS0 2020 - All rights reserved 3
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body. This testing of production samples shall be in accordance with the requirements of 4.4 or the
requirements of the contracting parties, whichever is more stringent.

4.4 Test

welds

4.4.1 General

Test welds shall be made in accordance with a WPS, except when 4.3.2 or 4.3.3 applies. The welding and
testing of test pieces shall be witnessed by the examiner.

The test w
the qualifi
product us
that the re

i - et of-wetdi et remrortheofateas S8

ation is based on pre-production tests, production tests or production sample tests@and
ed has a shorter weld length than 500 mm, then the number of products tested shall'be s
Juired weld length is met. However, no more than three products shall be tested,

The test pjiece and test specimens shall be marked with the identification of the @Xaminer or

examining
The examil
operator d

442 Te

4421 (

The accept
The follow

visual

macro

bend t

4.4.2.2 YV

Visual test
4.4.1 wher

in the WPS.

4.4.2.3

body and the welding operator before welding starts.

her may stop the test if the welding conditions are not correct or if it dppears that the welg
bes not have the skill to fulfil the requirements of this part of ISO 25239.

sting and acceptance levels of test welds

feneral

ance levels for the test welds shall be the same as those used to qualify the WPS.
ng tests, as a minimum, shall be performed:

testing 100 %;

sCcopic examination;

bsts (only applies to a qualificationbased on a standard welding test in accordance with 4.}

[isual testing

ing shall be carried ©ut in accordance with ISO 25239-4:2020, 6.3.2, except in the cas
b, if the length of weld is less than 500 mm, the length of weld to be tested shall be speci

Macroscopic-examination

Macroscopjic examination shall be carried out in accordance with ISO 25239-4:2020, 6.3.3.5.

location of

the'test specimen blank shall be in accordance with Figure 1.

n. If
the
uch

the

ling

b.1).

e of
fied

The

4.4.2.4 Bend test

Bend testing shall be performed in accordance with ISO 25239-4:2020, 6.3.3.4. The location of the test
specimen blanks shall be in accordance with Figure 1.

If a partial penetration weld is specified in the WPS, the specimen shall be machined from the root side
to a thickness equal to the specified minimum weld penetration before testing.

443 Re

-testing

If the welded assembly fails to meet the requirements of 4.4.1 and 4.4.2, then the test shall be rejected.
A duplicate assembly may be welded using the same procedure and subjected to examination. If the

© IS0 2020 - All rights reserved
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second assembly fails to meet the requirements, then the welding operator shall be required to have
additional training before a new test is made.

If a bend test specimen fails to meet the requirements, then two additional test specimens shall be
prepared from the same welded assembly and tested. If both retests are acceptable, the welding operator
shall be qualified. If one or both retests are not acceptable, the welding operator is not qualified.

4.5 Testreport

The results of all testing shall be documented. The format of the documentation shall be decided by the
fabricator

NOTE The documentation can be on paper or electronic media.

5 |Certificate

5.1 General

It sttall be verified that the welding operator passed the qualification tést. All essential variablles shall be
recorded on the certificate. If the test piece(s) fail(s) any of the required tests, no certificate shall be issued.

The certificate shall be issued under the sole responsibility of‘the examiner or examining body and
shall contain all the information detailed in Annex C. It is récommended that the format of Annex C be
usef as the welding operator's qualification test certificate)f a different welding operator qialification
testl certificate is used, it is recommended that it containis'the information as in Annex C.

NOTE In some countries, an examiner can be employed by the company performing welding.
5.2 Period of validity

5.2]11 Initial qualification

Theg welding operator's qualification-is valid from the date of welding of the test pieces, prjovided the
reqpired tests have been carried\out and acceptable test results are available.

Thg welding operator's qualification test certificate is valid for a period of 3 years, the period of validity
endiing on the last day of{the month.

5.2]2 Confirmation of the validity

Theg welding coordinator or the person responsible from the employer shall confirm that the welding
opefrator has.been working within the initial range of qualification. This shall be confirmed every
6 mionths;lf such a confirmation is not given and the qualification expires, the welding operator shall be
reqpired to pass a new qualification test before resuming welding.

5.2.3 Prolongation of qualification

The welding operator's qualification test certificates can be prolonged every 3 years by an examiner or
examining body.

Before prolongation of the certification takes place, the specifications of 5.2.2 shall be satisfied and the
following conditions shall be confirmed:

— all records and evidence used to support prolongation shall be traceable to the welding operator
and shall identify the WPS(s) used in production;

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=700d18f10b2dd5a06eb00910c151346d

IS0 25239-3:2020(E)

— evidence to support prolongation shall be of a volumetric nature (radiographic testing or ultrasonic
examination) or, for destructive testing (fracture or bend), shall have been made on two welds
during the previous 6 months;

— evidence relating to prolongation shall be retained for a minimum of 2 years;

— the welds satisfy the acceptance levels for imperfections as specified in 4.4.

6 © IS0 2020 - All rights reserved
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Annex A
(normative)

Knowledge of the welding unit and its operation

General
=enera:

Thi
pro

annex is presented at the most basic level.

Bec
obijg
dra
pra
Thd

Thd

A.2
The

a)

b)

5 annex specifies the knowledge of the welding unit required by a welding operator, to ¢
redures are followed and common practices are complied with. The knowledge discus

ause of the differences in training programmes in various countries, it is proposed that o
ctives or categories of job knowledge be standardized. The actual questions that are use
lvn up by the individual country, employer or engineering authority, aird should include qu
Ctical demonstrations on all areas covered in A.2 relevant to the weldinig operator's qualifi

test is limited to the matters related to the welding method used in the test.

results of the test shall be documented.

Requirements
welding operator shall understand the safe operation of the welding unit, in particular:
welding equipment:
— identification and assembly of essential components;
— correct selection and adjustment of welding tools;
— the cooling system (if any);
— maintenance of thé.equipment;
process operation®
— knowledge of programming the welding unit (if relevant);

— knowlédge of operation of the control system and understanding of the signals g
centrol system;

— _adjustment of tool motion;

nsure that
sed in this

hly general
l should be
pstions and
Cation test.

ven by the

©IS

— inspection of welding tools;

— operation of auxiliary equipment;

— adjustment of jigs, fixtures, and set-up;

— setting and adjustment of parameters within the WPS ranges;
— materials storage and handling;

— initiation of start and stop procedures;

02020 - All rights reserved
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c) safety and accident prevention:
— electrical risk;
— mechanical risk including tool breakage risk;

— noise risk.

8 © IS0 2020 - All rights reserved
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Annex B
(normative)

Knowledge of welding technology

General
=enera:

Thi
foll
pre
Bec
objé
dra
on 4

Tes
con

Thd
The

B.2

Thd
par

5 annex describes the job knowledge that a welding operator requires to ensurechat
bwed and that common practices are complied with. The job knowledge discussed in th
sented at the most basic level.

ause of the differences in training programmes in various countries, it is proposed that o
ctives or categories of job knowledge be standardized. The actual questions that are use
iwn up by the individual country, employer or engineering authority;~and should includg
reas covered in B.2 relevant to the welding operator's qualificatiohtést.

binations of these methods:

written objective tests (for example, multiple choice),-given on paper or on a computer;
oral questioning following a set of written questions.

test of job knowledge is limited to the matters\related to the welding method used in thg

results of the test shall be documented.

Requirements

welding operator shall understand welding procedure requirements and the influence
hmeters on the weld, in particular:

FSW fundamentals:

— terminology;

— basic prineiples;

— method (basic, bobbin tool, stationary shoulder, etc.);

— « afluence of welding parameters;

b)

the WPS is
is annex is

hly general
1 should be
questions

ring of a welding operator's job knowledge can be accomplishe@’by any of the following fnethods or

test.

of welding

c)

— parent materials including their identification;

— joint configurations;

— effects of joint fit-up (gaps, thickness variations, etc.);
— cleanliness of the parts to be welded;

weld imperfections:

— identification of weld imperfections;

— identification of causes of weld imperfections;

© IS0 2020 - All rights reserved
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— prevention of weld imperfections and remedial action necessary;
d) welding operator qualification, including its range;

e) contents within a WPS.

10 © IS0 2020 - All rights reserved
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