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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
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shall not be held responsible for identifying any or all such patent rights.

3 was prepared by the International Institute of Welding,“which has been approved as

consists of the following parts, under the general title Friction stir welding — Aluminium:

entat, in_fiaison with IS0, also take part in the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
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Vocabulary

Design of weld joints

Qualification of welding operators

Specification and qualification of-welding procedures
Quality and inspection requirements

br official interpretations’ of any aspect of this part of ISO 25239 should be directed to the
retariat, who will forward them to the IIW Secretariat for an official response.

the

ards

an

tent

an

ISO

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=2bd486391e6d1d7ee30a5298fa97c10a

Int

ISO 25239

roduction

-3:2011(E)

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. Then, in 1991, Wayne Thomas at TWI
invented friction stir welding (FSW), which is carried out entirely in the solid phase (no melting).

The

weldling is carried out in the most effective way and that appropriate control is exercised overall ag

ope
the
con

The)
Parf
Parf
Parf
Parf
alur
ope

of s
carn

increasing use of FSW has created the need for this International Standard in orderto
ration. This International Standard focuses on the FSW of aluminium because, at the'time of
majority of commercial applications for FSW involved aluminium. Examples inelude railwa
sumer products, food processing equipment, aerospace structures, and marine vessels.
parts of this International Standard are listed in the foreword.

1 defines terms specific to FSW.

2 specifies design requirements for FSW joints in aluminium.

3 specifies requirements for the qualification of an operatar for the FSW of aluminium.
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4 specifies requirements for the specification and gualification of welding procedures for

he FSW of

ninium. A welding procedure specification (WPS)¥is needed to provide a basis for plannjng welding
rations and for quality control during welding. Welding is considered a special process in the terminology
tandards for quality systems. Standards for- quality systems usually require that special prpcesses be
ed out in accordance with written procedure: specifications. Metallurgical deviations constituje a special

problem. Because non-destructive testing of<the mechanical properties is impossible at the predent level of
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nology, this has resulted in the establishment of a set of rules for qualification of the weldin
r to the release of the WPS to actual\production. ISO 25239-4 defines these rules.

5 specifies a method for detérmining the capability of a manufacturer to use the FSW pro
uction of aluminium products)of the specified quality. It defines specific quality requirements,
gn those requirements t0 any specific product group. To be effective, welded structures shg
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serious problems in production and in service. To achieve that goal, it is necessary to prov
the design phase. through material selection, fabrication, and inspection. For example, poor
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te serious and cositly difficulties in the workshop, on site or in service. Incorrect material s
It in welding~problems, such as cracking. Welding procedures have to be correctly fori

ified to awveid imperfections. To ensure the fabrication of a quality product, managen
prstand _the ‘sources of potential trouble and introduce appropriate quality and inspection

ervision:should be implemented to ensure that the specified quality is achieved.
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gling (FSW) of aluminium. In this part of 1ISO 25239, the term «aluminium» refers to alumin

Scope
part of ISO 25239 specifies requirements for the qualification of welding eperators for the
S.

part of ISO 25239 does not apply to friction stir spot welding.

Normative references

following referenced documents are indispensable- for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

17636 (all parts), Non-destructive testing of Welds — Radiographic testing!)

17640, Non-destructive testing of -welds — Ultrasonic testing— Techniques, testing
bssment

25239-1, Friction stir welding.—~ Aluminium — Part 1: Vocabulary

25239-4:2011, Friction stir welding — Aluminium — Part 4: Specification and qualification
edures

25239-5:2011, Friction stir welding — Aluminium — Part 5: Quality and inspection requiremen

Terms.and definitions

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

4

4.1

Wel

Requirements

Welding operator qualification
ding operators shall be qualified by one of the following tests, as detailed in 4.3:

standard welding test, see 4.3.1;

) Tobe published. (Revision of ISO 17636:2003)
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— 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 shall be

tested. See

Annex A.

Any of the welding operator qualification tests can be supplemented by a test of knowledge related to welding
Such a test is recommended, but it is not mandatory. Annex B includes an example of such an

technology

examination.

The essent

Provided that the welding operator works in accordance with a welding procedure specificationm (WPS),
range of quplification shall be limited only as specified in 4.2.

A suggestefl form for the welding operator's qualification certificate is shown in Annex C:

4.2 Essdgntial variables and ranges of qualification

4.2.1 Gerleral

The qualifigation of welding operators is based on essential variables; as specified in 4.2.2 to 4.2.5. For ¢

essential variable, a range of qualification is defined. If a welding.Operator is required to weld outside

range of qu

NOTE R
essential var

4.2.2 Frid

A successflll welding operator qualification test made with any type of FSW method qualifies an operator

for that wel
single sping
used for tha

al variables and ranges of qualification are specified in 4.2 and the validity is specified in Claus

blification, then a new qualification test is required.

riction stir welding is a mechanized process. However) because it is also a solid-state welding process
ables are different from those applicable to fusion wélding processes.

tion stir welding methods

Hing method. This subclause applies to FSW methods that include, but are not limited to, rob
le, multiple spindle, bobbin teol; retractable probe, or any other FSW method defined in the \f
t qualification test.

e 5.
the

ach
the

the

pnly
ptic,
VPS

4.2.3 Welding equipment
The following changes require-a new qualification:
— a change from welding with a joint sensor to welding without, although welding without a joint sensor plso
qualifigs an operator to weld with a joint sensor;
— a change:from one type of welding machine to another type of welding machine that requires additipnal
tralnlnc 15" onarata atact madawith anv fvuna af machina ciabifine Aanhvy that tvuna af machina  althd ugh
g-e-operate—a-test-made-with-any-type-ef-machine-qualifies—only-that-type-of-machine—althe

the addition or removal of jigs and fixtures, feeding units and other ancillary equipment does not change
the type of machine;

addition, removal or change of control system.

4.2.4 Parent materials

A successful test weld made in any aluminium alloy qualifies an operator for all aluminium alloys.

A successful test weld of any parent material thickness qualifies an operator for all parent material thicknesses.

© 1S0O 2011 — All rights reserved
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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.
4.3 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
sucgessfully 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.

Dimensions |n millimetres

a
- 2 3 2 3
/[ /[ /[ /
: : : :
_‘14
P
? [04)
1 ]
[, =50 [, =250 [, =250
I, = 500

Key
1 (el

root bend-test piece

3  facedbend test piece

4 macroscopic examination test specimen

/4 minimum length of weld from the edge of the test piece to a test specimen
I minimum length of weld between face bend and root bend test specimens
/3 minimum total length of weld

a2  Weld direction.

The width of the test piece shall be sufficient for extracting the bend test specimens.

Figure 1 — Location of destructive test specimens

© 1SO 2011 — All rights reserved 3
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4.3.2 Qualification based on welding procedure test

A welding operator shall have successfully completed a welding procedure test in accordance with
I1ISO 25239-4:2011, 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 or production welding test

A welding operator shall have successfully completed a pre-production welding test in accordance with
ISO 25239-4:2011, Clause 7 or a production welding test, to be considered qualified for the FSW method and
type of welding machine used for the test.

4.3.4 Quellification based on production welding sample test

A welding g
samples of
production
parties, whi

4.4 Test

441 Gen

Test welds
testing of te

The test w
qualification
used has g
required weg

The test pi¢ce and test specimens shall be marked with' the identification of the examiner or the exami

body and th

The examimer may stop the test if the welding.conditions are not correct or if it appears that the wel

operator doj
442 Tes

4421 \

Visual testi

where, if th¢ length of weld'is'less than 500 mm, the amount of material to be disregarded shall be specifig

the WPS.

The weld s

perator having successfully set up a production part shall be considered qualified if represente
the items that are produced are approved by the examiner or the examining body. This testin
samples shall be in accordance with the requirements of 4.4 or the requirements.of’the contrac
Chever is more stringent.

welds

eral

shall be made in accordance with a WPS, except when 4.3.2~0r 4.3.3 applies. The welding
st pieces shall be withessed by the examiner.

blds used for qualification of a welding operator shall“have a length of at least 500 mm. If
is based on pre-production tests, production tests 0@r production sample tests and the pro
shorter weld length than 500 mm, then the number of products tested shall be such that
Id length is met. However, no more than three praducts shall be tested.

e welding operator before welding starts.

Ees not have the skill to fulfil the requirements of this part of ISO 25239.
ing and acceptance levels of test welds

lisual testing

ng shall be carried)out in accordance with ISO 25239-4:2011, 6.3.2, except in the case of 4

hall have*an as-welded surface and shall be free of cracks or cavities. The weld width shall

show any v

no incomplefte penetration.

priations due to insufficient tool pressure. If a full penetration weld is specified, then there sha

tive
g of
ting

and

the
Huct
the

hing

ding

4.1
din

not
| be

4.4.2.2

44.2.21

Non-destructive and destructive testing

Extent of testing

Welds shall be bend tested in accordance with 4.4.2.2.2 or 100 % tested with an appropriate non-destructive,
volumetric testing method (radiographic or ultrasonic testing). Testing shall be done in accordance with
ISO 17636 (radiographic testing) or ISO 17640 (ultrasonic testing).

One test specimen for macroscopic examination shall be taken from the test weld(s).

The acceptance levels shall be as specified in ISO 25239-5:2011, Annex A.

© 1S0O 2011 — All rights reserved
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44.2.2.2 Bend test

Bend testing shall be performed in accordance with 1SO 25239-4:2011, 6.3.3.4. The location of the test
specimen blanks shall be in accordance with Figure 1. Two face and two root bend test specimens shall be
taken from the test weld(s). For material over 12 mm thick, four side bend test specimens may be substituted
for the face bend and root bend test specimens.

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.

During testing, the test specimens shall not reveal any single crack >3 mm in_any direction. Cracking
appearing at any edge of a test specimen during testing shall be ignored in the evaluation unlg¢ss there is
evidence that it is due to incomplete penetration or a cavity.

44p.2.3 Macroscopic examination

Ong macroscopic examination shall be carried out in accordance with ISO 25239-4:2011, §.3.3.5. The
locdtion of the test specimen blank shall be in accordance with Figure 1.

The|acceptance levels shall be as specified in ISO 25239-5:2011, Annex A.

4.4.3 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 procedute and subjected to examination. If{the 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 [pend test specimen fails to meet the requirements, then two additional test specimens shall tte prepared
a

from the same welded assembly and tested. Ifboth 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| Testrecord

The| results of all testing shall be\documented. The format of the documentation shall be dec|ded by the
manufacturer.

NOTE The documentation)can be on paper or electronic media.

5 |[Certificate

5.1 General

It shall ' be verified that the welding operator passed the qualification test. All essential variables shall be
recarded on the certificate, If the test piece(s) fail(s) any of the required tests, no certificate shall bg 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 recommended that the format of Annex C be used as the
welding operator's qualification test certificate. If a different welding operator qualification test certificate is
used, it shall contain the information required in Annex C.

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

© 1SO 2011 — All rights reserved 5
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5.2 Period of validity

5.2.1 Initial qualification

The welding operator's qualification is valid from the date of welding of the test pieces, provided the required
tests have been carried out and acceptable test results are available.

The welding operator's qualification test certificate is valid for a period of 2 years, the period of validity ending
on the last day of the month.

5.2.2 Confi i lidity

The welding coordinator or the person responsible from the employer shall confirm that the welding operlator
has been working within the initial range of qualification. This shall be confirmed every 6 months) If su¢h a
confirmationf is not given and the qualification expires, the welding operator shall be required to-pass a hew
qualification test before resuming welding.

5.2.3 Prolongation of qualification

The welding operator's qualification test certificates can be prolonged every Zyears by an examiner or
examining pody.

Before prolpngation of the certification takes place, the specifications ,0f5.2.2 shall be satisfied and|the
following cgnditions shall be confirmed:

— all recgrds and evidence used to support prolongation shall be‘traceable to the welding operator and $hall
identifyl the WPS(s) used in production;

— eviden¢e used to support prolongation shall be of a volumetric nature (radiographic testing or ultraspnic
examiration) or, for destructive testing (fracture or bend), shall have been made on two welds durind the
previoys 6 months — evidence relating to prolongation shall be retained for a minimum of 2 years;

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

6 © 1SO 2011 — All rights reserved
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Annex A
(normative)

Functional knowledge of the welding unit

General

Thisg
prog

A.2

The)

parameters on the weld, in particular:

a)

b)

d)

joint preparation and weld representation:

annex specifies the knowledge of the welding unit required by a welding operator Mo
edures are followed and common practices are complied with.

Welding sequences and procedures

welding operator shall understand welding procedure requirements—and the influence

1) conformity to the WPS for joint preparation,

2) cleanliness of the edges to be welded;

weld imperfections:

1) identification of weld imperfections,

2) identification of causes of weld imperfections,

3) prevention of weld imperfections and remedial action necessary;
welding operator qualificatien;.including its range;

process operation:

1) knowledge afprogramming the welding unit (if relevant),

2) knowledde of operation of the control system and understanding of the signals given by
system

3) « adjustment of tool motion,

bnsure that

of welding

the control

4—operatiomof-auxitary-equipment;

5) adjustment of jigs, fixtures, and set-up,

6) setting and adjustment of parameters within the WPS,
7) application of safety regulations and precautions,

8) initiation of start and stop procedures.

© 1SO 2011 — All rights reserved
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Annex B
(informative)

Knowledge of welding technology

B.1 General

This annex
and that co
most basic

A test of jq

welding opgrator to undergo a test of job knowledge. If the job knowledge test is carriedrout, this fact sh

be recordeq

Because of
objectives

drawn up b
covered in §

Testing of
combinatior

written

oral qu

The test of |

B.2 Requirements

The operatg
a) welding

ide

describes the job knowledge that a welding operator requires to ensure that the WPS is_follo|
mmon practices are complied with. The job knowledge discussed in this annex is presented af
evel.

b knowledge is recommended, but it is not mandatory. However, some countries require
on the welding operator's certificate.

the differences in training programmes in various countries, it is “proposed that only ger
br categories of job knowledge be standardized. The actual questions that are used shoulg
y the individual country, employer or engineering authority, and should include questions on a
B.2 relevant to the welding operator's qualification test.

B welding operator's job knowledge can be accomplished by any of the following method
s of these methods:

objective tests (multiple choice), given on paper.oron a computer;
bstioning following a set of written questions,

ob knowledge is limited to the mattersirelated to the welding method used in the test.

r should have knowledge.of:
equipment:
ntification and assembly of essential components,

ection-ef:correct welding tools,

thef cooling system (if any),

wed
the

the
buld

eral
be
eas

or

uJ

2) se
3)
4)

b) welding
1)
2)
3) co
4y inf

maintenance of the equipment;

process:

the control system,

setting and controlling of welding parameters,

rrect alignment and travel of welding head,

luence of parameters on the welding process,
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c)

d)

e)
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5) inspection of welding tools,

6) causes and appearance of weld imperfections;
parent materials, including their identification;
safety and accident prevention:

1) electrical risk,

2) mechanical risk,

3) noise risk;

knowledge of visual testing of welds.

© 1SO 2011 — All rights reserved
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Manufacturer's WPS No.:
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Annex C
(informative)

Qualification test certificate for FSW operators

Examiner or examining body:

WPS refer
Name of wg
Method of i
Date and pl

Employer:

Ad yard 1 Todar) = : / (g 1 ! £ Ad
ICC INU. (I dPplitaduic). LAAITITICT/CAAITIITTITY DOUY TTICTTTILUT INU..

Iding operator:

jentification: Photograph (if required)

ace of birth:

Codel/testin

Job knowle

Weld detail$:

Welding un

Joint sensof:

Single run/r
Single/mult
Further info
Indicate on
standa
welding
pre-prg

produc

h standard:

lge: acceptable/not tested (delete as appropriate)

Welding method:

D

t/machine:

nulti-run technique:

ple spindle:

Fmation available in WPS No.:
which of the following the.qualification is based:
d welding test in accordance with 4.3.1;
procedure testiin accordance with 4.3.2;
duction welding test or production welding test in accordance with 4.3.3;

ion welding sample test in accordance with 4.3.4.

For results of the qualification tests, see test report No.:

Location of

The qualification is valid until:

10

test: Date:

© 1S0O 2011 — All rights reserved
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