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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 proce@lures 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 neededfof
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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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 1:
Vocabulary

1 [Scope
Thip document defines friction stir spot welding (FSSW) process terms and definitions:

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

2 |Normative references

The following documents are referred to in the text in such a waythat some or all of thpir content
congtitutes requirements of this document. For dated references,Zonly the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

1SO|25239-1, Friction stir welding — Aluminium — Part 1: Voéabulary
ISOfTR 25901-1, Welding and Allied Processes — Vocabuldry — Part 1 : General terms

1SO[14732, Welding personnel — Qualification testing-of welding operators and weld setters for jmechanized
and|lautomatic welding of metallic materials

3 |Terms and definitions

For|the purposes of this documentythe terms and definitions given in ISO 25239-1, ISO/TR 25901-1,
[SO[14732, and the following apply-

[SO|and IEC maintain terminglogical databases for use in standardization at the following addresses:

— |ISO Online browsingplatform: available at https://www.iso.org/obp

— |IEC Electropedia-available at http://www.electropedia.org/

ion stirspot welding

friction stir welding process producing a small aspect ratio, discrete lap weld by frictional Heating and
mixing,of material in the plastic state caused by the plunge and retraction of a rotating probe (3.2), with

s s 4+
Or wrmmrot T traverse nrovement

Note 1 to entry: See Figure 1.

3.2
probe
<FSSW> part of the tool extending into the parent material to make the weld

Note 1 to entry: The probe can be either fixed or adjustable.

Note 2 to entry: When a probe is not present, the process is known as “probe-less” FSSW.

© ISO 2018 - All rights reserved 1
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3.3
shoulder
<FSSW> pq

3.4
rotation s
<FSSW> sp

3.5

a) Rotation b) Plunge c) Retract

Figure 1 — Basic principle of friction stir spot welding

rtion of the tool that contacts the parent material surface during welding

peed
eed of spindle rotation

rotation dtrection

<FSSW> dj

3.6
plunge sp¢
<FSSW> sp

3.7
plunge de
<FSSW> dj

3.8
force cont
<FSSW>m|

3.9
position c
<FSSW>m|

3.10
dwell timg
<FSSW> ti

material and the start of tool retraction

3.11
exit hole

ection of spindle rotation

ped

bth
stance the probe (3.2) extends into the work piece

ol
pthod to maintain the-required force on the tool during welding

bntrol
ethod to maintain the required position of the tool during welding

DELWeen WNel

<FSSW> hole remaining at the end of a weld after the withdrawal of the tool

3.12

faying surface
surface of one component that is intended to be in contact with, or in close proximity to, a surface of

another co

mponent to form a joint

eed at which the probe (3.2) penetrates.the work piece during the plunging phase of FSSW ([3.1

arent
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3.13
weld setter
<FSSW> person who sets up FSSW (3.1) welding equipment

Note 1 to entry: Does not apply to welding operators (3.14) and/or personnel loading/unloading of the automatic
welding (3.15) unit.

Note 2 to entry: FSSW is an automatic welding process where adjustment of welding variables is not possible
during the short welding cycle.

welding in which all operations are performed without manual intervention duping the welding cycle

<FSSW welding unit> approved configuration of the welding unit and-the work pieces befdre welding

friction stir spot welding (3.1) where the weld is produced:by the plunge and retract of a rotating probe

Notg 1 to entry: In basic FSSW, the joint is created by plinging a rotating tool into the work piece anfd retracting

refill FSSW
basfc FSSW (3.17) followed by a refill agtion resulting in no exit hole (3.11)

Not¢ 1 to entry: See Figure 2 and Figure=3.

3.18.1

ref{ll FSSW tool
too] composed of a clamping ring (3.18.3), an adjustable shoulder (3.18.2) which is able to mjove axially
and an adjustable probe(3.2)

3.18.2

adjpistable sheulder
<refill FSSW>)part of the tool that is coaxial to the adjustable probe (3.2) and able to rotat¢ and move
axiglly independent of the adjustable probe and the clamping ring (3.18.3)

clampimgTing
<refill FSSW> non-rotating ring that forms the outer portion of the tool that serves to clamp the work
piece components during spot welding

Note 1 to entry: The clamping ring may also serve to contain material to prevent expulsion from the FSSW (3.1).
3.18.4

clamping ring force
<refill FSSW> force applied by the clamping ring (3.18.3) to the work piece along the axis of the tool

© ISO 2018 - All rights reserved 3
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3.18.5

probe plunge mode
<refill FSSW> operating mode in which the plunging element of the tool is the probe (3.2)

Note 1 to entry: See Figure 2.

3.18.6

shoulder plunge mode
<refill FSSW> operating mode in which the plunging element of the tool is the shoulder (3.3)

Note 1 to entry: See Figure 3.

3.19

stitch FSS)
FSSW (3.1)
short linea

3.19.1

length of travel

[
<stitch FSS

Note 1 to entry: See Figure 4.

3.19.2
weld widt
w

<stitch FSS
(3.12) bety

Note 1 to enjtry: See Figure 4.

3.20
swept FSS

v
variant where the weld is produced by the plunge and translation of a rotating toel alo
I or curvilinear path (see Clause 5)

W> distance between tool centres at tool plunge and tool retraction

h

W> width of area welded by probe (3.2) (equivalefit to probe diameter) at the faying sur
Feen the overlapping work pieces

w

FSSW (3.1)
circumscri

Note 1 to enftry: See Figure 5.

Note 2 to enftry: The circumscribed path can be circular or elliptical.

3.20.1

tool path fotation

<swept FS§W> traverse.path degrees of rotation about the axis of the exit hole (3.11) beginning at
plunge locdtion (3.20.8)

3.20.2

tool path

variant where the weld is produced by the plunge and translation of a rotating tool arou
ed path around the exit hole (3,11)

g a

face

nd a

the

<swept FSSW>Tpatirtiratthetoottraverses around the Tetract position.

Note 1 to entry: This is typically, but not limited to, a circular path. This path can also spiral inward completing

additional r

3.20.3

otations around the retract position

plunge location
<swept FSSW> location of the beginning of the tool path (3.20.2)

Note 1 to entry: This can be located on the tool path or in the same location as the retract position

© ISO 2018 - All rights reserved
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3.20.4
shear area diameter

<swept FSSW> area at the faying surface (3.12); sum of the probe (3.2) diameter and the tool path
(3.20.2)

3.20.5

weld face outer diameter

<swept FSSW> maximum extent of the processed area; sum of the shoulder (3.3) diameter and the tool
path (3.20.2)

3.21

swing FSSW
FSSW (3.1) variant where the weld is produced by the plunge of a rotating tool followed\by a discrete
moyement along an arc normal to the surface of the work piece

Note 1 to entry: See Figure 6 and Figure 7.

swing angle
<swing FSSW> rotation angle arqund the pivoting axis

4 |Description of Refil FSSW

There are two operating modes depending on the plunging element of the tool:
1) |probe plunge;
2) [shouldet plunge.

In Hothi{operating modes, the stationary clamping ring holds the material against a backing bar in the
lap [jéint configuration, while the probe and shoulder start rotating on the top surface. The| probe and
shoulder can rotate in the same or opposite directions. The rotating probe and shoulder introduce
plastic deformation and generate frictional heating which plasticizes the material. The probe and
shoulder are moved in opposite directions to each other. One is plunged into the material while the
other moves upwards, creating a gap where the plasticized material is accommodated. After reaching
the pre-set plunge depth and dwell time, the probe and shoulder retract back to the surface of the plate
forcing the displaced material to completely refill the exit hole. Finally, the tool is retracted from the
surface, leaving the weld without an exit hole.

© IS0 2018 - All rights reserved 5
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Figure 2 — Illustration of refill FSSW process using probe plunge mode

1 * 44—

3 !

H%

(LI-;_()

rotation

Key

bing and tool

b) Shoulder plunge
and probe retraction

clamping ring (stationary)

probe (|
shouldg

Fotating)
r (rotating)

5 Description of Stitch FSSW

FSSW technique which produces short discontinuous welds made by traversing the tool for a short

linear distance (see Figure 4).

c¢) Partsbackto
surface level

d) Tool retractio
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LCODD

Key

a) General view b) Detail A

length of travel
weld width (equivalent to probe diameter)

Figure 4 — Illustration of stitch FSSW

Table 1 gives limitations on the maximum length of travel, Iyax, and minimum weld width, wpiy, for

stit

6

FSS
exit

th FSSW.

Table 1 — Recomimendations for stitch FSSW dimensions

Measurement as a function of

Riension plate thickness, t
Maximum length of travel, Inax 15t
. . t<3 mm 3t
Minimtm weld width, wiin
t>3 mm 2,5t

Description of Swept FSSW

W catised by the plunge and translation of a rotating tool in a circular or elliptical path
hole: Tool translation is about the work piece surface along a curvilinear path creating

gl coxanlatra clocad A cipan coibhad 1o (can Digiinn O and Tolbla J0)

orn

hround the
2 complete

CorTy COTTpPIe Tt Crost O o CIr COTr St o C O o0 p (ot CTagurcoant oot =7~
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Do

Key
D, weld fafe outer diameter (top face of work piece)
ds tool shqulder diameter

dy probe diameter

d; diamet¢r of the tool path

D  shear afea diameter

Figure 5 + Illustration of swept FSSW (circular path) showing geometric construction of fayjing
surface shear aréa

Table 2 — Path variables for swept FSSW

Key Plungelocation Tool path rotation
Plungg Retract Centre Side 360° 450°a

O &3

° from start of
Tool patfh weld x

—_— 4502

a  Path rofjation is notlimited to the degrees of rotation shown.

7 Description of Swing FSSW

FSSW produced by plunging and sideways (pivoting) motion of a rotating tool approximately
perpendicular to the axis of its rotation (see Figure 6 and Figure 7). The pivoting motion is an arc
with a radius that is large compared to the thickness of the sheet being joined and the lateral distance

travelled.
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