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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

electrotech

nical standardization.

The procedlures used to develop this document and those intended for its further maintenanee

described
different ty
editorial ry

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
expression

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see w}]

iso .org/isg

n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*{of]
pes of ISO documents should be noted. This document was drafted in accordance‘with
les of the ISO/IEC Directives, Part 2 (see www. iso. org/directives).

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént'rights. Detail
rights identified during the development of the document will be in the Introduction and
ist of patent declarations received (see www. iso.org/patents).

hame used in this document is information given for the convenience of users and does
in endorsement.

blanation of the voluntary nature of standards, the.meaning of ISO specific terms
5 related to conformity assessment, as well as information about ISO's adherence to

/foreword. html.

This docur
welding, so

Any feedb
should be
found at w

hent was prepared by the IIW, InternationalbInstitute of Welding, Commission IlI, Resistc
id state welding and allied joining processes:

ick, question or request for officialninterpretation related to any aspect of this docuril
lirected to [IW via your national-standards body. A complete listing of these bodies ca
jvw. iso. org/members. html.

A list of all

parts in the [SO 18785 series:can be found on the ISO website.

are
the
the

t of
s of

Jor

not

and

the

VW,

nce

ent
be

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
http://www.iso.org/members.html
https://standardsiso.com/api/?name=68d7c13532294e88f8e8f977fcd06fb0

ISO 18785-5:2018(E)

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, friction stir

welding (FSW), which is carried out entirely in the solid phase (no melting), was invented.

Friction stir spot welding (FSSW) processes are spot-like variants of the FSW process. Unlike

FSW, there

is minimal or no traverse motion of the tool. In basic FSSW, the joint is created by plunging a rotating
tool into the work piece and retracting the tool out of the overlapping sheets. Other FSSW variants

include additional tool movements. Frictional heat is generated from the contact between,t
thematerial to be welded resulting in softening of this material. The softened material is Stir
etallurgical connection which is aided by the forge action applied by the tool shoulder
the[upper sheet surface.

increasing use of FSSW has created the need for a FSSW standard in orderto ensure t}

he tool and
red to form
contacting

at welding

is carried out in the most effective way and that appropriate control is exeréised over all aspects of the

opefration. The ISO 18785 series focuses on the FSSW of aluminium because; at the time this
wag developed, the majority of commercial applications for FSW involyed-aluminium. Examg
railway cars, consumer products, food processing equipment, autemotive components,
stryctures, and marine vessels.

To Qe effective, welded structures should be free from serious,problems in production and in
achjeve that goal, it is necessary to provide controls from.the design phase through materig

document
les include
aerospace

service. To
| selection,

fabrication, and inspection. For example, poor design can create serious and costly difficulties in the

wotkshop, on site, or in service. Incorrect material selection can result in welding proble
cra¢king. Welding procedures need to be correctly formulated and approved to avoid imperf
enslire the fabrication of a quality product, mandgement needs to understand the sources ¢
troyible and introduce appropriate quality and inspection procedures, and supervision
implemented to ensure that the specified quality is achieved.

ms such as
ections. To
f potential
should be
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Friction stir spot welding — Aluminium —

Part 5:
Quality and inspection requirements

1

Thi
spo

Scope

E welding (FSSW) for production of products of the specified quality.

It specifies quality requirements, but does not assign those requirements to any ‘specific prod

Int

2

Thd
con
und

ISO

ISO
arc

ISO
test]

ISO
ISO
ISO
ISO
ISO
ISO
ISO

nis document, the term "aluminium" refers to aluminium and its alloys.

Normative references

following documents are referred to in the text in such/ayway that some or all of th

ated references, the latest edition of the referenced document (including any amendment
3452 (all parts), Non-destructive testing — Penetrant testing

9015-1, Destructive tests on welds in metallic miaterials — Hardness testing — Part 1: Hard)|
welded joints

9015-2, Destructive tests on welds in metallic materials — Hardness testing — Part 2: Mid
ing of welded joints

0712, Non-destructive testing — Qualification and certification of NDT personnel

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

17637, Non-destructivetesting of welds — Visual testing of fusion-welded joints

17640, Non-destructive examination of welds — Ultrasonic examination of welded joints
18785-1, Friction stir spot welding — Aluminium — Part 1: Vocabulary

18785-3, Eriction stir spot welding — Aluminium — Part 3: Qualification of welding person

20807, Non-destructive testing — Qualification of personnel for limited applicatic

des

5 document specifies a method to determine the capability of a manufacturer toruse friction stir

ict group.

bir content

stitutes requirements of this document. For dated refexences, only the edition cited dpplies. For

s) applies.

iess test on

rohardness

hel

n of non-

[riiotive testing

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 18785-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

© ISO 2018 - All rights reserved
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4 Quality requirements

4.1 General

These requirements relate only to those aspects of product quality that may be influenced by FSSW.

4.2 Welding personnel

4.2.1 Ge

neral

Manufactufrers shall have at their disposal sufficient and competent personnel for the plann'ing,

performing and supervising of FSSW production operations in accordance with specified requirements.
4.2.2 Weld setter and welding operator

Weld settefrs and welding operators shall be qualified in accordance with ISO 18785-3. Qualificafion
records shall be kept up to date.

4.3 Inspection and testing personnel

4.3.1 Geperal

The manufacturer shall have sufficient and competent personnel for the planning, performing, pnd
supervising of inspecting and testing operations during FSSW-production operations in accorddnce
with specified requirements.

4.3.2 Pefsonnel performing non-destructive testing'and visual testing

Non-destrictive and visual testing personnel shall be qualified in accordance with ISO 9713 or
ISO 20807 |or equivalent. When the use of an examination method not presently incorporated in these
ISO standalrds is specified, the manufacturershall be responsible for developing the training program,
written prictice, examination, and practicakdemonstrations equivalent to the requirements of these|ISO
standard(s). These shall establish the cdpability of the personnel performing the required examinatfion.
4.3.3 Destructive testing personnel

Personnel performing destructive testing shall be trained for those test methods.

4.4 Equlpment

4.4.1 Sujtability-of equipment

The equiprhént shall be adequate for the application concerned.

Welding equipment (for example, welding equipment and FSSW tools) shall be capable of producing
welds that do not exhibit any of the imperfections given in Annex A. Acceptance levels shall be defined
prior to commencing welding.

Welding equipment shall be maintained in good condition and shall be repaired or adjusted when a
weld setter, welding operator, inspector, or welding coordinator is concerned about the capability of the
equipment to operate satisfactorily.

4.4.2 Equipmentacquisition

After installation of new or refurbished equipment, tests shall be performed as agreed between the
equipment manufacturer/supplier and user of the equipment. Such tests shall verify the equipment
functions correctly.

2 © ISO 2018 - All rights reserved
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4.4.3 Validation tests for qualified machine welding settings

Reproducibility tests shall be performed to demonstrate that the welding equipment can repeatedly
produce welds that meet the acceptance levels. Acceptance levels shall be within the specified limit of
the relevant requirements or the design specification. Validation tests shall be carried out when any of
the following occurs:

— an event occurs that changes the functionality of the machine;

— repair or preventative maintenance of the machine that changes the functionality of the machine;

H . P [ | Al ol
I Cl.iulplllclll, 15 up51 daUutcu Ul II1UulIricy,
— |equipment is dislodged or moved in a manner for which it was not designed;
— |stationary equipment is moved from one location to another.

The reproducibility test shall be performed in accordance with a WPS that4s@sed in profluction for
that machine.

A rgpresentative number of acceptable welds, at least three, shall be made’and found satisfag¢tory.

4.4[4 Equipment maintenance

Thg manufacturer shall have a documented plan for equipment maintenance. The plan slhall ensure
that maintenance checks are performed on the equipment:that controls variables listed in the relevant
WPE(s). The maintenance plan may be limited to those itéms that are essential for producing welds that
megt the quality requirements of this document.

Examples of these items are as follows:

— |condition of guides and mechanised fixtures;

— |condition of meters and gages that are used for the operation of the welding equipment;
— | condition of cables, hoses, and cennectors;

— |condition of the control systems in mechanised and/or automatic welding equipment;
— |condition of thermocaouples and other temperature measurement instruments;

— |condition of clamps;jigs, and fixtures.

Befpre welding/clamps, jigs, and fixtures that contact the work pieces shall be sufficiently free of
confaminants {fer example, oil, grease, and dirt) that can have a detrimental effect on the w¢ld.

4.5| Welding procedure specification (WPS)

Thd mmlrhncr coordinator,orthe personrespon sible dpclonafpd hv the mannfar‘hnﬂlno nrcmnl ration shall

ensure the WPS is used correctly in productlon

4.6 Friction stir spot welding tool

4.6.1 Identification

The FSSW tool that is used in production shall be permanently marked with its drawing or part number.

4.6.2 FSSW tool inspection

Before welding, the FSSW tool shall be sufficiently free of contaminants (e.g. oil, grease or dirt) that
can have a detrimental effect on weld quality. The correct tool geometry is critical for producing a

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=68d7c13532294e88f8e8f977fcd06fb0

ISO 18785-5:2018(E)

quality friction stir spot weld. Because the FSSW tool wears with use, it shall be inspected for wear at

appropriat

e intervals and in accordance with a written procedure.

The manufacturer shall determine the useful life of the FSSW tool, i.e. maximum number of spots, which
shall be recorded on the WPS.

4.7 Pre-

4.7.1

weld joint preparation and fit-up

Joint preparation

The faying

If sealants

surface strattbe prepared imaccordance witit the WPS:

adhesives or surface coatings are to be used, composition and application details shal

included o the manufacturer’s WPS.

4.7.2 Pr

Pre-weld c
free of oils

4.8 The

Requirems

with a WP§$.

4.9 Wel
All welding

p-weld cleaning

eaning shall be carried out in accordance with the WPS. Parent materiakshall be sufficie
grease, dirt, and any other contaminants that can have a detrimental effect on weld qua

'mal control

nts for any thermal control, if required, of the weld and /or*equipment shall be in accorda
D

ling

shall be done in accordance with a WPS.

4.10 Postl-weld heat treatment

If post-wel

The manuf

[ heat treatment is required, then'it:shall be done in accordance with a WPS.

acturer shall be fully responsible for the specification and performance of any post-y

heat treatment (for example, solutign heat-treating, stress relieving, or ageing). The procedure s

be compat

standard and/or specified requirements. A record of the heat treatment shall be made during the

treating py
to the heat

4.11 Insp

4.11.1 Ge

ble with the parent mdterial, welded joint, and weldment, in accordance with the pro

ocess. The record.shall demonstrate that this document was followed and shall be trace
treated part.

ection andtesting

neral

!

I be

htly
lity.

nce

Ueld
hall
uct

eat
hble

Th l t o Jd & £ 1: L1 3 3 P2 S P | | £l radd £ ot
€ locatioh;—=f CqaCTICy,amra ¢y pCOT ap P auTC IS PCCTIOT S atra cC S S Ut petTIa Ul CrrC proaatTSTalr

and type of construction. The testing standards referenced below are not specific to FSSW processes.

Deviations

can be required when applied to FSSW.

4.11.2 Inspection and testing before welding

Before the

WPS;

start of welding, the applicability and validity of the following shall be verified:

FSSW setter’s/operator's qualification certificate;

FSSW tool;

ard
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parent material alloy and temper;

joint preparation (for example, shape and dimensions);
joint fit-up, jigging;

welding parameters set in accordance with the WPS;

thermal control method(s).

4.11.3 Inspection and testing during welding

Dur

4.1

4.1

Aftg
ve
are

—

Examples of conformance methods are described in 4.11.4.2 to-4<11.4.10.

4.1

Visfial testing shall be performed in accordance with-ISO 17637.

4.1

Penfetrant testing shall be performed in accordance with ISO 3452 (all parts).

4.1
Rad
Wh

4.1
Ulty

Wh
the
req

ing welding, the welding sequence may be checked at suitable intervals or by continuous}
|.4 Inspection and testing after welding

1.4.1 General

br welding, compliance with the relevant application standards or relevant requiremer]
fied. Testing after welding shall be in accordance with the WPS. Exanples of common imj
shown in Annex A.

1.4.2 Visual testing

|.4.3 Penetrant testing

|.4.4 Radiographic testing
iographic testing shall be peiformed in accordance with ISO 17636 (all parts).

en radiographic testing©fjlap joints, the design specification shall determine the accepta

1.4.5 Ultrasonic testing
asonic testing'shall be performed in accordance with ISO 17640.

bn immefsion ultrasonic examination and/or phased-array ultrasonic examination is
design—specification or relevant requirements shall determine the applicable stan
hirements.

nonitoring.

ts shall be
berfections

hce levels.

used, then
dard(s) or

4.11.4.6 Peel and/or chisel

Peel and/or chisel testing shall be performed in accordance with ISO 10447.

4.11.4.7 Tensile shear testing

Shear tensile testing and the preparation of shear tensile test specimens shall be performed in
accordance with ISO 14273.

4.11.4.8 Cross tension testing

Cross-tension testing and the preparation of cross-tension test specimens shall be performed in
accordance with ISO 14272.

©IS
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4.11.4.9 Hardness testing

Hardness testing shall be performed in accordance with ISO 9015-1 or ISO 9015-2, as applicable.

4.11.4.10 Other destructive tests

Other user-specified destructive tests, procedures, or techniques (for example, fatigue tests or
macrographic/micrographic examination) not specifically addressed in this document, may be used in
conjunction with the tests stated in this document.

4.11.5 Damagedandnonconfermmgwelds——m—— ————

If the repalr of a damaged weld involves welding, then it shall be performed in accordance with,a WPS.
Repair shall bring the weld into full conformance with the requirements of this specification.

4.11.6 Wzeld flash correction

Flash, overjapping material or other protruding material along the edges of a friction stir spot weld may
be removed by a method that does not degrade parent metal properties. This operation shall be carfied
out in such/a manner that the weld and parent metal thickness remain within user-specified tolerarce.

4.12 Identification and traceability

Identification and traceability of a weld to a WPS and welding operator or operators shall be maintained
throughouf the manufacturing process.

6 © ISO 2018 - All rights reserved
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Annex A
(normative)

Imperfections, testing and examination
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