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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
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ribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént‘may be the subject of
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it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT) see www.iso
iso/foreword.html.
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The main changes conipared to the previous edition are as follows:

document was prepared by Technical €oémmittee ISO/TC 44, Welding and allied processes,
pmmittee SC 10, Quality management in the field of welding.

feedback, question or request for. official interpretation related to any aspect of this document

Id be directed to the SecretariatofISO/TC 44/SC 10 via your national standards body} A complete
g of these bodies can be found at www.iso.org/members.html. Official interpretations| where they
are available from this pageshttps://committee.iso.org/sites/tc44/home/interpretatjon.html.

second edition cancels and replaces the first edition (ISO 15620:2000), which has been technically
ed.

[lause 2 has.been updated;

— :I: Clause:3; terms not used in the text have been deleted;

Annex B of 4 processes based on friction have been added;

— the recommended test to perform on test weld has been clarified (addition of Table 4).
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Introduction

Friction welding is a method for making welds in the solid phase in which one component is moved
relative to and in pressure contact with the mating component to produce heat at the faying surfaces,
the weld being completed by the application of a force during or after the cessation of relative motion.
There are several forms of supplying energy and various forms of relative movements.

The generation of friction heating results in a comparatively low joining temperature at the interface.
This is largely the reason why friction welding is suitable for materials and material combinations
which are otherwise difficult to weld. The weld region is generally narrow and normally has a refined

microstructue

TCT

While the fj
not precludg

iction welding process deals primarily with components of circular cross-section-it|does

the joining of other component shapes.

Vi
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Welding — Friction welding of metallic materials

1 Scope

This document specifies requirements for the friction welding of components manufactured from metals.

It specifies requirements particular to rotational friction welding related to welding knowledge, quality

requ
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2 Normative references

Ther]
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ISO 4
— 1
— 1

3.1
axia
forcq

3.2
bury
loss

3.3
burn
rate

Terms and definitions

racts. The requirements given can be adopted in full or some can be deléted, if not re
[ruction concerned.

e are no normative references in this document.

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological database for-use in standardization at the following ag

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

EC Electropedia: available at httpiffwww.electropedia.org/

force
in axial direction between components to be welded

-off length
pf length durinig the friction phase

-off rate
bf shortening of the components (3.4) during the friction welding process

rements, welding procedure specification, welding procedure approval and welding personnel.

document is appropriate where a contract, an application standard or a reguldtory requirement
res the demonstration of the manufacturer's capability to produce weldéd cgnstructions
Epecified quality. It has been prepared in a comprehensive manner to befised as a peference in

vant to the

Idresses:

3.4

component
single item before welding

3.5

component induced braking
reduction in rotational speed (3.18) resulting from friction between the interfaces

3.6

external braking
braking located externally reducing the rotational speed (3.18)
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faying surface
surface of one component (3.4) that is to be in contact with a surface of another component (3.4) to

form a joint

3.8
forge force

force applied normal to the faying surfaces (3.7) at the time when relative movement between the

components

39

(3.4) is ceasing or has ceased

forge burn
amount by

forge force (
3.10
forge phaséd

interval tin
force (3.8)

3.11
forge press|

Ufflcllsth
which the overall length of the components (3.4) is reduced during the application’/g
B.8)

e in the friction welding cycle between the start and finish of application of the |

ure

pressure (fgrce per unit area) on the faying surfaces (3.7) resulting fromithe axial forge force (3.8)

3.12
forge time
time for wh

3.13

friction for
force applie
between thd

3.14
friction phd
interval tim|
by relative
components

3.15
friction pre

ch the forge force (3.8) is applied to the components(3.4)

Ce
l perpendicularly to the faying surfaces (3.7) during the time that there is relative move
components (3.4)

\se

e in the friction welding cyele'in which the heat necessary for making a weld is genel
motion and the frictionAforce(s) (3.13) between the components (3.4), i.e. from contd
(3.4) to the start of deceleration

ssure

pressure (fgrce per unitarea) on the faying surfaces (3.7) resulting from the axial friction force

3.16
friction tin
time during

e
which relative movement between the components (3.4) takes place at rotational {

f the

forge

ment

rated
ct of

peed

(3.18) and ulnder application of the friction force(s) (3.13)

3.17
interface

contact area developed between the faying surfaces (3.7) after completion of the welding operation

3.18

rotational speed
number of revolutions per minute of rotating component (3.4)

3.19
stick-out

distance a component (3.4) sticks out from the fixture, or chuck in the direction of the mating
component (3.4)
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3.20

deceleration phase

interval in the friction welding cycle in which the relative motion of the components (3.4) is
decelerated to zero

3.21
deceleration time
time required by the moving component (3.4) to decelerate from friction speed to zero speed

3.22
total length loss (upset)
loss ef lcusth that-oceursasaresutof-frietion vvc}dius, te—the-stmrofthe-burn UJ‘)[ICIlgtlll (32) and the

forgq burn-off length (3.9)

3.23
tota] weld time
time|elapsed between component (3.4) contact and end of forging phase

3.24
welding cycle
succ¢ssion of operations carried out by the machine to make a weldment and return tp the initial
positlion, excluding component (3.4) - handling operations

3.25
weldment
two ¢r more components joined by welding

4 Welding knowledge
4.1 | Process

4.1.1 General

The ¢lassification of friction welding processes is listed in Table 1.

© IS0 2019 - All rights reserved 3
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Table 1 — Classification of friction welding processes

Friction welding

Relative motion classification

Energy classification

Continuous drive

Stored energy

The process variant
where power or energy
is provided by an
infinite duration
source and maintained
for a preset period

The process variant,
where the energy

for welding issupplied
by the kineticiefiergy
stored in 4 rotating
system or*fluid
storage system

Hybrid system

Combining.some features of both methods

Rotational

Linear
reciprocation

Angular
oscillation

Orbital

A method ih which one
componentlis rotated
relative to and in
contact with the
mating facq of another

componentfor components.

A method in which one
component.ismoved in
a linear oscillating
motioh relative to and
in contact with the
mating face of

attother component.

A method in which one
component is moved in an
angular oscillating motion
about a common
component axis relative
to and in contact with

the mating face

of another component.

A method in which one
component is moved in
a small circular motion
relative to and in
contact with the
mating face of

another component.

&

4.1.2 Direct drive rotational friction welding

The energy input is provided by direct drive at predetermined rotational speed or speeds (see Figure 1
and Figure 2).

4 © IS0 2019 - All rights reserved
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drive motor

1
2
3 1
4
5
6
7

q

f

rake

otating clamp
tationary clamp
otating workpiece
tationary workpiece
prge cylinder

Figure 1 — Diagram showing direct drive rotational friction welding
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Key
1  axial forge a  Burn-off length.
2 axial displacement b Fricton time.
3 rotationgl speed ¢ Deceleration time.
4  friction phase d ~\'Forge time.
5 friction force &’ Forge burn-off length.
6  decelerafion phase f Total length loss (upset).
7  forge phpse
8  forge force
Figure 2(— Diagram showing.typical relationships of characteristics for friction welding fat
constarnt rotational speed:(friction welding, process No. 42 in accordance with ISO 4063)
The spindle|is either decelerated at a predetermined rate or stopped by external braking or compdnent
induced brdking. The ‘main welding parameters are listed below and their relationship is given in
Annex A:
— rotational speed(s);

— predetermined friction force(s);
— friction time or burn-off;

— predetermined forge force(s);
— forge time;

— deceleration time and forge delay.

4.1.3 Stored energy (inertia) friction welding

Energy stored in an inertia mass is used up in the friction welding process by component induced
braking (see Figure 3 and Figure 4).

6 © IS0 2019 - All rights reserved
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rive motor
I’Aertia mass, variable
otating clamp
gtationary clamp
otating workpiece
dtationary workpiece

N O U W e

forge cylinder

Figure 3 — Diagram showing inerti@friction welding

=1 =

a—J

3

1 —

2

b c t

Key
1  axial force 6  forge phase
2 axial displacement 7  forge force
3  rotational speed a  Total length loss (upset).
4  friction phase b Friction time.
5 friction force ¢ Forge time.

Figure 4 — Diagram showing typical relationships of characteristics for inertia friction welding
(friction welding, process No. 42 in accordance with ISO 4063)
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The main welding parameters are listed below and their relationship is given in Annex A:

— rotational speed;

— inertia

mass;

— predetermined friction force(s);

— predetermined forge force(s).

4.1.4 Further processes

Further progesses are listed in Annex B.

4.1.5 Fridtion welding arrangements

The following methods of rotational friction welding (see Figure 5) can be distinguished:

— frictionwelding with the rotation of one of the components to be welded and Jinear movement
other [Higure 5 a)], i.e. with a fixed head friction welding machine;

— welding with rotation and linear movement of one of the components todbe welded and the othe
held static [Figure 5 b)] i.e. with a sliding head friction welding machine;

— rotation and linear movement of two components against a static middle component [Figure
i.e. with a double ended friction welding machine;

— rotation of central component with linear movement of to end components [Figure 5 d)].

fthe

Irone

5 )]

~ b A VA ~ A ~ F
=~ 3 - rEid
WV V-~ S Vi 77 I Ve — Yo A -
a) b) 9 d)

4.2 Mate

Experience

(see Annex

More mater

processes. ']

necessarily

Figure 5 =\Rotational friction welding methods

rials and material’combinations

nted

pf friction welding many metallic materials and combinations is already well-documg
[). Weldability criteria for other welding processes is not always valid for friction we

oot o Tt oo

The following factors can affect welding quality:

— amount, distribution and shape of non-metallic inclusions in the parent material(s);

— formati

— formati

on of intermetallic phases in the weld;

on of low melting point phases in the weld;

— porosity in parent material(s);

— thermal softening of hardened materials in the weld;

— hardening of the weld metal heat affected zone;

© ISO 2019 - All rights res

ing.

als and'their combinations can be friction welded when compared with most other welding
he data shown in Annex C is based upon actual experience from test welds but it is not
complete. For many materials and material combinations, there is further data available
which is onlly

erved
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— hydrogen in parent material(s).

[t can be possible to negate some of the above by critical selection of parameters or heat treatment.
4.3 Friction welding machines

4.3.1 General
Friction welding is not sensitive to position and can be performed in any plane.

Machine design and build are dependent upon the welding application and there are preconditions
for ekact and repeatable production. A schematic diagram of a horizontal friction welding machine is
shown in Figure 6.

8 2 7 4 8 8

/ \

| 1 /]
A, |

i

S~
0000000 B 5
000QQ0OO0
/ \
1 11

Key

1 achine frame 7  flash removal unit

2 Ileadstock with/drive spindle and brake 8  safety guards

3 huck - forTotating component 9  hydraulic power pack - not shown

4 lamp.- for fixed component 10 electrical control cabinet - not shown

5 ]nachine slides (tie-bars) 11 machine control panel

6  lorceactuater

Figure 6 — Schematic diagram of a direct drive friction welding machine of horizontal
configuration

The application determines the choice of axial force(s), rotation speed(s) and welding time. Other
parameters which affect machine design are carriage speed during friction, friction burn-off, braking
point, forging point, torque and moment of inertia of the rotating mass.

The repeatability and variation of machine parameters should be checked while the machine is running
at operating temperature.

The machine should be of a specification appropriate to the parts to be welded.

© IS0 2019 - All rights reserved 9


https://standardsiso.com/api/?name=67747324f4724f0b867ddefb502cb5ac

ISO 15620:2019(E)

The machine should be equipped with an automatic control system which, after the components have
been clamped in their work-holding devices and on initiation of the cycle, undertakes a controlled welding
cycle without intervention from the operator and incorporates at least the following operational cycle:

— initiation of a sequence which brings the components into face contact at a chosen rotational speed;

— establishment and the maintenance of a friction force(s) and relative speed(s) for the duration of the
heating cycle;

— establishment and maintenance of the forge force for a desired forge time or forge distance or
combination of both, to complete the weldment.

Unclamping| the work-holding devices can be done automatically or not, thus completing the ey¢le of
operations.

4.3.2 Features

Friction welding machines can be equipped with the following options:
— loadinglequipment;

— unloadiphg equipment;

— turning|units for facing, flash removal, machining;
— shearing unit to strip the flash;

— extenddd memory for welding programmes;

— weld id¢ntification unit;

— angular{orientation;

— monitoring;

— identifigation;

— in procgss proof testing.

5 Quality requirements

5.1 Genefal

The regulations and\recommendations which govern other welding processes apply only in part to
friction weldling.

Emphasis s]pould be placed on the avoidance of imperfections rather than on developing methofs to
find them. An Tmportant prerequisite for ensuring weld quality 1s the uniformity and consistency of the
component to be welded. For this reason, adequate quality assurance measures shall be taken during
the pre-welding, welding and post-welding process operations.

5.2 Pre-welding requirements

5.2.1 Condition of raw materials

To ensure repeatable properties of friction welds which remain constant within a friction welding
series, the following conditions should be maintained:

— chemical analysis;

— structure;

10 © IS0 2019 - All rights reserved
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strength and hardness;
dimensional and geometrical tolerances;

supply conditions of the materials to be joined.

.2 Preparation of the components to be welded

ess otherwise required by the design specification, the following should be adhered to:

— The end of each component shall be prepared SO that the faying surface l1es ina plane atrightangles

5.2.

The
The

Suitg
addit

The (

for

To adg

fthe fay1ng surface is reduced for the earlystage of the weld1ng cycle The length of th
be not greater than 50 % of the burn-off length for each component and sufficient to

1
indicated on the drawing agreed between the contracting parties.

]

q

gurfaces before the components are placed in the machine, except where surface cont

q

ghown to have no detrimental effect on joint properties.

$urface irregularities on the faying surface, e.g. centre turningtholes, shall only be all

hey do not cause harmful effects.

3 Component holding

orque and axial forces resulting from the frictionweélding cycle are normally resisted by
lamping force shall be not so great as to deform or mark the components beyond accey

ble backstops are used wherever possible to“prevent axial slippage. Plugs may be use
ional support when gripping hollow components.

cpncentricity and alignment.

hieve the required alignment; it is sometimes necessary to machine or clean the sui

components to be clamped.

Par

ticular care is necessary with regard to tooling and alignment when welding hollow sec

an oytside dimension that is large relative to the wall thickness of the component.

The

cau

The {

the
stic

5.3

stick-out shall net be so short as to cause unacceptable chilling of the component or §

s¢ unacceptable misalignment or vibration of the opposing faces during the friction and f

wo components should be clamped wherever possible so that the stick-out of each is €
iffetence in composition or size of the two components makes it desirable for them to h:
Lout, either to achieve a heat balance or to permit effective work holding.

he plane of the weld interface is on the parallel portion of the component, or at such a

Dirt, grease, rust and other surface oxides or protective films shall be témoved fror

hat the area
e taper shall
ensure that
osition as is

n the faying
hmination is

bwed where

r the tooling.
table levels.

d to provide

omponents to be welded shall be setin the machine so that their axes lie within the limfits specified

faces of the

tions having

o long as to
brge phases.

qual, unless
hve different

Post-welding treatment

Where necessary, further procedures as machining and/or post-weld heat treatment of friction welds
shall be carried out in accordance with the expected environmental operating conditions.

5.4

Quality assurance

The system of quality control employed shall take into consideration the following factors:

©IS

production rate and batch size;

size and design of weldments;

02019 - All rights reserved
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ic considerations;

— intended operating conditions.

The system employed shall be sufficient to ensure that consistent and satisfactory weld quality is

maintained

on a batch or individual basis.

The system should ensure that procedures are in place to ensure regular calibration of the friction
welding machine.

Production quality control records shall be kept, the form and content of which shall be agreed between
the contracting parties.

Guidelines f

Whether de
the welded

suitable for
the choice o

6 Weldil

6.1 Gene

The weldin
performed 3

Welding prd
manufactur
production

Component;4
production

— chemisf]
faying s
heat tre

joint ge

The inform4
necessary tg

Ranges and

br the level of quality assurance to be used are given in Annex D.

structive or non-destructive testing methods can be applied depends on the spetial
fomponents. A list of destructive and non-destructive testing methods whichare geng
friction welding is appended in Annex E. Possible testing procedures ar€,given to faci
f the most appropriate method.

g procedure specification (WPS)

ral

b procedure specification (WPS) shall give detailsiof how a welding operation is {
nd shall contain all relevant information about theswelding work.

cedure specifications may cover a certain range of cross-sectional areas. Additionally,
ers can prefer to prepare work instructiods for each specific job as part of the det]
blanning.

used for WPS qualification purpeses shall be representative of those used for a
fomponents in the following respects:

ry;
urface condition;
atment;
bmetry/dimensions.

tion listed'below is adequate for most welding operations. For some applications, it c:
supplement or reduce the list. The relevant information shall be specified in the WPS

tolerances, according to the manufacturer's experience, shall be specified W

se of
rally
itate

o be

some
hiled

ctual

n be

here

appropriate

An example

6.2

of a recommended WPS-format is shown in Annex F.

Information related to the manufacturer

Identification of the manufacturer: unique identification;

— Identification of the WPS: alphanumeric designation (reference code) related to a specific friction
welding machine.

12
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6.3 Information related to the material

— Material type: identification of the material, preferably by reference to an appropriate standard.
A WPS can cover a group of materials, if agreed prior to production, see 7.1.

— Component information:
— geometry;

— dimensions;

+—chemicat anatysis;

+ otherrelevant information.

6.4 | Welding parameters

All r¢levant parameters shall be listed (see Clause 4 and Annex F).

6.5 | Joint

— {Loint design: a sketch of the joint design showing position-of weld(s), details and tolgrances may
e made.

— Preparation of components: selected method of surface preparation, as necessary (¢. g. sawing,
furning).

— Fixtures:

— the methods to be used;

— details of fixtures and backstops:

6.6 | Optional devices

For gxample, flash forming, supports when welding thin-walled tubes.

7 Welding procedure approval

7.1 | Principles
The followingprocedure is designed to meet high duty applications.

Welding‘procedure specifications for friction welding shall be approved prior to productign whenever
requjred. The methods of approval are:

— approval by welding procedure test according to 7.2;

— approval based on previous experience according to 7.4.

This document does not invalidate previous welding procedure approvals made to specifications
providing the intent of the technical requirements is satisfied and the previous procedure approvals
are relevant to the application and production work on which they are to be employed. Consideration of
previous procedure approvals to former national standards or specifications should be, at the time of
enquiry or contract stage, agreed between the contracting parties.

© IS0 2019 - All rights reserved 13
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ing procedure tests

7.2.1 Application

When procedure tests are required, tests shall be carried out:

— inaccordance with the application standard

7.2.2 Prel

The prelimi

7.2.3 Nurn

Unless mord

test require
— aminin

a minin

If one of thd

or according to-the provisions of 7.2.3 to 7.2.6 if no application standard is available.

iminary welding procedure specification (pWPS)

hary welding procedure specification shall be prepared in accordance with Clause6:

nber of test weldments

severe tests are required by the design specification or by other standards, the mini
ments are as follows:

um of two weldments shall be produced for WPS qualification;
um of two weldments shall be evaluated.

test specimens has failed a defined acceptance criteriajthen the welding conditions

be redetermiined in order to satisfy the accepted criteria and, further two tests specimens sh4

evaluated.

Alternative
specimens d
and shall be|

7.2.4 Spe

7.2.4.1 Sd

The weld sh
finish that d
larger sectid

Specimens §

14

tests can be performed in some cases. The selection of test types and the number o
epend on the performance, safety and quality requirements of the component and asse
established before any qualification is undertaken. Examples are given in 7.2.5.2.

cification for test specimens

lid sections — Specimens from bar to bar weldments for bend test

all be dressed flush, unless otherwise agreed by the test specification, having a su
oes not affect the result“When components of differing sections are welded togethe
n shall be reduced to.equal that of the smaller after welding.

hall be tested whole where possible or prepared as shown in Figure 7.

muim

shall
11 be

[ test
mbly

rface
- the
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Dimensions in millimetres

Key
1 ﬂ)OSitiOl‘l of weld interface

2 est specimen for bending

NOTH Guide values:

— thickness: nominal 10 mm;

— width: 225 mm;

— length: depending on the component.
Figure 7 — Preparation of specimens for-bend testing joints between solid compjonents

If it {s necessary to subdivide the test specimens into small specimens, the width of thq subdivided
specjmens shall be not less than 25 mm;Where a specimen results in testing less than onefthird of the
total|area, further 10 mm wide slices shall be cut and tested.

In the preparation of specingéns, methods of cutting which significantly affect the npetallurgical
strugture of the specimen sHall not be used.

Where bar sections areCwelded to plate or other components of insufficient thickness to gllow a bend
test specimen to be prepared, an alternative test procedure shall be agreed between the|contracting
parties.

7.2.4.2 Hollow sections

7.2.4.2:1 Specimens from tube to tube weldments for bend test

The weld shall be dressed flush on the inside and outside surfaces of the specimen, unless otherwise
agreed by the test specification, having a surface finish that does not affect the test result.

Four specimens shall be taken at equal intervals round the weldment (see Figure 8). In the preparation
of specimens, methods of cutting which significantly affect the metallurgical structure of the
specimen shall not be used. Each specimen shall consist of a parallel sided strip cut so that the weld is
approximately central.

The minimum width of each specimen shall be as per Formulae (1) and (2):
— for tubes of outside diameter less than 50 mm:

t+D /10 (@8]

© IS0 2019 - All rights reserved 15
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— for tubes of outside diameter equal to or greater than 50 mm:
t+D /20 (2)
where

t isthe wall thickness in millimetres;

D isthe outside diameter of the prepared tube in millimetres.

Dimensions in millimetres

25

Key
1 positioh of weld

Figure 8 — Specimens for bend testing joints between hollow components and solid or plate
components

7.2.4.2.2 S$pécimens from tube to bar weldments and tube to plate weldments for bend test]

The weld shall be dressed flush on the inside and outside surfaces of the specimen having a surface
finish that does not affect the test result.

Four test segments shall be cut as shown in Figure 8. The cut shall just penetrate beyond the weld and
the heat effected zone.

7.2.5 Testprocedures

7.2.5.1 Bend test

Where the dimensions and materials of the test piece are such that a viable bend test cannot be achieved,
an alternative procedure shall be stipulated. Otherwise, the requirements given below shall apply.
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Specimens prepared shall be bent round a former of diameter suggested in Table 2. The plane of the
weld shall be positioned at the apex of the bend. Where specimens have been prepared as in Figure 7,
the longer face shall be placed against the former. When bend testing tubular weldments, the number of
the test specimens and their relationship to the wall thickness is given in Table 3.

Table 2 — Suggested bend diameters for selected materials

Material

Diameter of former

carbon steel (0,25 % C max.)

commercially pure aluminium

3tto4t

copper
titanium

hustenitic stainless steel

carbon steel (over 0,25 % C)
low alloy steel
brasses and bronzes

Al Mn 1

4tto5t

pll other combinations (similar or dissimilar)

By agreement between the contracting pal

ties

NOTE

tis the specimen thickness or wall thickness.

Spec
and 1
to it4
hami

mens prepared in accordance with Figure 8 shall be tested by bending two specim
wo outwards. The first inwardly bent specimen shall be shortened, if necessary, to gi
elf and the second inward bend. No formef’shall be used in this test. Bending shal
mer blows at right-angles to the specimen, in a test rig designed for the purpose.

Table 3 — Location of specimens for bend testing of tubular weldments

bns inwards
Ve clearance
be by light

Thickness

Tension surface

up to and including 10 mm
pabove 10 mm to 20 mm

hbove 20 mm

— 2 inwards and 2 outwards
— 2 inwards and 2 outwards or all 4 sidg

— all 4 side face

face

NOTH
obtai
does
can b
consi

When making a bend test on a specimen from items from hardenable material, a "knee j
ned on bothisides of the HAZ with extreme and unpredictable forces in the boundary area. ]
not adapt to the diameter of the former. Therefore, post-weld heat treatment to reduce H
e undertaken prior to performing the bend test, although evaluation procedure can be con
derdtion is given to surface hardened materials where the hardened area can affect mechanicg

pint effect” is
'he specimen
AZ-hardness
tidered. Also,
] test results.

7.2.5.2 Alternative tests

Alternative tests (see Table 4) may be used in certain instances.
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Table 4 — Examples for testing and examination of test specimens

Test specimen

Test type

Extent of testing

A (critical welds)

B (non-critical welds)

Bar to bar welds or
tube to tube welds

Visual examination

Every weld

Every weld

Tensile test

2 specimens

Bend test 2 specimens 2 specimens
Impact testing 1 or 2 sets of specimens —
Macrosection 1 weld —

Ll | 4 4
ITdI'UIITSS5 LCOo1U

4 "
L IIICTASUTI TITITIIU T UVW

Tube to bar ¢r tube to

plate welds

Visual examination

Every weld

Every weld

Tensile testa

2 specimens

Bend testa 2 specimens 2 specimens
Impact testinga 1 or 2 sets of specimens —
Macrosection 1 weld —

Hardness test

1 measurement row

Depending on the application, two test classes should be distinguished, accordingte the load:
A: For applications under static stress up to the highest fatigue stress for theparent material.

B: For applifations under static stress up to 50 % of the level allowed for the parent material.

a  Ifthe welfl configuration allows this kind of testing.

Further detgils can be found in Annex E.

7.2.6 Acceptance criteria

Each bend tg¢st specimen shall be capable of being bent to the angle agreed on by the test specificg

without frag

NOTE Dé¢tails of weld imperfections are given'in Annex G.

7.3 Weld

All relevant
specificatio}

procedure approval record(WPQR).

An example

7.4 Previous experience

Approval b

ture, although slight tearing shall netbe considered a cause for rejection.

ing procedure approvalrecord (WPQR)

data from the welding of a component needed for approval of a welding procg
1 as well as all results from the testing of the test weld shall be recorded in a we

of a recomtmended WPQR format is shown in Annex H.

tion,

dure
lding

previous experience is given when it can be shown by authenticated data tha

the

manufacturer's established production welding procedures have been capable of consistently producing
welds of acceptable quality over a period of time.

7.5 Circu
A WPS shall

mstances mandating requalification

remain qualified unless the following occurs:

— modifications or repairs are made to the machine which affect its welding performance;

— materia

Is or material conditions, or both, change from those specified in the WPS;

— preparation of faying surfaces changes from that specified on the WPS;

— unexplained nonconformity with WPS-mandated quality assurance requirements occurs.

18
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A WPS is developed for a specific welding machine; it shall not be used on another machine without
requalification, except otherwise agreed.

7.7

Requalification procedure requirements

Requalification procedure requirements are identical to the qualification procedure requirements.

8 Welding personnel

8.1

Frict
prac

8.2

The f
acco

He h

The 1
or ce

8.3
The

Friction welding machine operator

ices.

Friction welding machine setter

riction welding machine setter is the person who is competent téset up friction weldin
'ding to specified welding procedures.

equired competence may be proved by sufficient egperience, in-house training, or can
rtificate of successful participation in a course for friction welders.

Welding coordination personnel (supervisor)

manufacturer shall have available suitable welding coordination personnel in order

weld
beha|
suffi
sphe

weld[,ng personnel the necessary instruetions and to perform and supervise the work c4

ing coordinator personnel shall\lhave knowledge and experience in the field of frict

iour of materials and quality assurance. The persons responsible for quality w
Ciently authorised to takeall the necessary steps. The duties, interrelations and 1
res of responsibility of those persons should be well defined.

ion welding machine operators shall receive appropriate practical training in€luding salfe operating

b equipment

hs the required knowledge and skill for carrying out thelwork for quality assurance in the field of
friction welding.

be by record

to give the
refully. The
on welding,
rk shall be
mits of the
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Annex A
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Relationship of welding parameters

A.1 Welding parameters for direct drive rotational friction welding

A.1.1 Gen

The frictioy
deceleratior
desired join
with time fo

A.1.2 Frid

The rotatio
occurs contj

Friction for
should be s
burn-off pe

during forging. All surface irregularities and impurities eXisting on the faying surfaces are elimiy

before the b

A.1.3 Ded

The functio
promote we

Duration of
— power d
control
energy

interfad

metals |

k properties are achieved. Figure 2 illustrates rotational speed, force andaxial shortg

eral

i welding cycle can be conveniently divided into three main phases (ftiction p
phase and forge phase). Each should be operated in such a manner as tg-ensure thd

r friction welding.

tion phase

hal speed(s) and friction force(s) should be applied so that upsetting, once establi
nuously throughout the friction phase.

Ce(s) and rotational speed(s) should be appropriatéfor joint size and material. Upse|
hooth and continuous and be maintained until the@nd of the burn-off period or length
iod should be sufficient to generate adequate hé&at in the weld zone to permit consolid

urn-off period is terminated.

eleration phase

h of the deceleration phase is td_bring the rotating component to rest in such a way
ld soundness. The time is controlled in conjunction with the application of the forge fo

the deceleration phase is influenced by one or more of the following:

fany braking that is'employed;

programme whérpowered deceleration equipment is used;

stored in the moving parts, within the transmission, tooling and workpiece;
e area;

peing joined;

hase,
t the
ening

hed,

tting
. The
htion
1ated

as to
rce.

forging

force.

A.1.4 Forge phase

The forge force required depends on the configuration of the parts and the strength of the metals at the
welding temperature. The chosen forge force should ensure a sound weld. It is possible that a low forge
force not be sufficient to expel debris and an excessive forge force can lead to unacceptable distortion
of the microstructure. Also, the force should not be such as to cause unacceptable distortion of the work
or excessive expulsion of the plastic material, either of which can lead to a reduction in joint strength.

The forge fo

20

rce should be maintained for a sufficient time to consolidate the interface.
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A.2 Welding parameters for stored energy (inertia) friction welding

A.2.1 General

Stored energy friction welding consists of simultaneous application of axial thrust and stored rotational
energy to the faying surfaces of the two components to be welded. Figure 4 is a typical diagram of
rotational speed, force and axial movement of this variant. The two main parameters, energy and axial
force, may be considered.

A.2.2 Energy

The energy to make a weld is obtained from, for example, the rotating mass of spindle,ffansmission,
flywheels or tooling.

In rotating energy systems, the amount of energy calculated to be necessary fonthe weld is obtained
from|the rotating mass turning at a rotational speed within the correct speed ranhge for the metals to be
welded. Therefore, it is necessary to use the required mass and speed to provide the necesgary energy.

A.2.3 Axial force
The required axial force is determined by the geometry and materialyof the components to pe welded.

The florce is applied when the spindle has reached the chosen speed and the drive has been d{sconnected.
The 3ame force may be maintained throughout the friction, arrest and forge phases of the cyfcle although
a higher forge force may be beneficially applied for some netals.
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Additional processes based on friction

B.1 Radial friction welding

A method W
between thd
expanding t

B.2 Frict

A method w

B.3 Frict

A method o
provide the

B.4 Frict

A method W
other compd

B.5 Frict

A method aq
welds are oY

B.6 Frict

A method w|
component{

B.7 Frict

hereby hollow components can be joined by using an intermediate ring which is.re
m while subjected to radial forces. These forces can be generated by either compressi
he ring.

jon stud welding

hereby a solid or hollow component (stud) is friction welded to a latger component.

jon surfacing

[ deposition whereby friction between the surfacing material and the substrate is us
thermo-mechanical conditions for adhesion.

jon taper plug welding

hereby a solid or hollow tapered compenent is friction welded into a tapered hole i
nent.

jon taper stitch welding

cording to friction taper plug welding using solid components where a series of single
rerlapped.

jon stir welding

hereby a ngn=consumable tool is rotated between the butting or overlapped surfaces o
and trafislated to generate heat and material flow and a consequent friction weld.

fated

hg or

ed to

h the

plug

ftwo

jon seam welding

A friction welding method whereby a consumable material is rotated and translated between the
butting surfaces of two components, e. g. two sheets or plates.

B.8 Friction lap seam welding (the Luc process)

A technique where a high-speed non-consumable rotary wheel is offered against two components,
which are overlapped, then translated to effect a friction weld between the components.

B.9 Friction plunge welding

A technique whereby a hard material component with a specially machined re-entrant feature is friction
welded into a component of softer material to produce both a mechanical lock and a metallurgical bond.
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B.10 Third body friction welding

A method whereby two components are friction welded together using a third body material, and
specially machined features. The third body material can take the form of a solid, powder and/or metal
chippings (swarf).

B.11 Friction co-extrusion cladding

A method whereby an inner component can be clad with an outer component as they are rotated and
forced co-axially through a specially shaped die. For long parts, the die can be rotated.

B.17

A md

 Friction hydro-pillar processing

thod whereby a solid rod or tubular is rotated, under an axial force, intg.a ‘cavityj

completely fill the cavity. The method can be used for repair, fabrication, cladding and rep

mate

B.13

A md
by f1
othe

B.14
A m¢
then

B.1]

A md
rotat
movy
mair

rials.

p Friction brazing

thod of joining with a pre-placed braze alloy, where the enérgy to produce the bond
iction through relative motion of one component underdight force against the braze
" component.

I Linear friction welding

thod in which one component is moved in alinear oscillating motion relative to and in
nating face of another component.

p Orbital friction welding

thod in which each point in‘thé contact surface orbits a different point. The orbit ha
ional speed and is identic¢al*for all points in the joint interface. At the end of a weld,

in order to
rocessing of

s developed
layer on the

rontact with

5 a constant
the relative

bment is ended by returhing both parts to the common axis of the machine and the welding force is

tained or increased (See Figure B.1)

e

1
Key
1 orbit
Figure B.1 — Orbital friction welding
© IS0 2019 - All rights reserved
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B.16 Overlap friction welding

A process in which two components with axial force acting on the initially overlapping surface(s)
are friction-welded one above the other with beginning plasticization, forming conical connecting
interfaces.

B.17 Friction mash seam welding
A process in which a rotating friction disc over the butt or overlapped surfaces of two parts is used to

generate heat and material flow and thereby a pressure welded joint between the parts by frictional
heating is formed:

B.18Frictjon element welding

A process iph which overlapping sheets or components are joined by rotational frietion welding of
a specially formed friction element to the base sheet, thereby producing a rivet-like’ clamping qf the
overlapping|sheets or components.
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Material combinations weldable by friction welding
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Guidelines for quality assurance

The level of quality assurance is determined by conditions of use and applied stresses on the friction
weldments. Three categories (A, B or C) can be used:

[ategory B: Where failure of welded components will cause considerable damage:

[ategory C: Where failure of welded components will cause limited damage:

Table D.1 — Alternative application and tests

[ategory A: Where failure of welded components is dangerous for the product and the’ehvironment.

Catpgory Visual Check of total | Parameter Recording’of Destructive |Npn-destruc-
examination | length loss monitoring2 | parameters testing me- tive testing
chanical
and micro-
graphic
A 100 % 100 % — 100 % b
— — 100 % ¢
B 100 % 10 % — To be defined b
— — 50 % ¢
50 % 5% — Periodic, b
C . atleast once
- - 20 % every 6 months ¢

a

b

C

are s

Hrequency to be defined, whicheverthe category.

Atleast monitoring of friction pressure, forge pressure, burn-off length, total length loss and time.

The application of non-destiuctive testing depends on conditions of use and further machining. Weldlments which
libjected to dynamic loadstin. service without removal of the upset material should be tested non-destifuctively after
removal of the upset materialwhen developing the WPS.

N

OTHE 1

Visual examination: All applicable alternatives within categories A, B and C conta

n the visual

examfination in a €értain scale. Visual examination is not possible in automated friction weldipg machines.
her¢fore, an alternative is given in Table D.1. The requirements are accordingly higher.

T

NOTE 2

ensure trac

eability.

Recording of parameters provides the opportunity of a possible modification of parameters and to
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Examination and test

destructive testing

E.1.1 Gen

Prior to test
test specific

Of course,
material an
procedure t

E.1.2 Visyal examination

Visual exam

particular to:

— the shape and size of the flash;

the axia

Variation of
welding con|

ISO 17637 ¢

E.1.3 Din

With this te
measured.

Discrepanci
total length

E.1.4 Dye

Fine cracks

eral

ing permissible and non-permissible characteristics and results are to be specified i
ation.

bach testing method has its restrictions which are dependent on_the welding prd
1 component geometry. Therefore, it is sometimes necessary to determine a suitablg

ination provides an initial impression of shape and appearance. Attention should be pz

| and angular deviation.

the flash profile indicates that changée€s)have occurred in material, workpiece geon]
ditions or work holding.

hn be used.

jension check

st axial misalignment; angular deviation and length variations in welded assemblie

es in the materialor process (preparation, welding) result either in insufficient or exce
loss, which is; of course, a statement about the quality in itself.

penetration test

b be used for a particular welded assembly. The flash may be removed before testing of

n the

cess,
test
not.

1id in

etry,

5 are

ssive

oval.

hitd fissures on the surface can be revealed by using dye penetration test after flash rem

ISO 23277 can be used.

E.1.5 Magnetic particle test

This test is suitable for determining whether there are notches or fissures in the surface area of
ferromagnetic components. The flash has to been removed before this test can be applied.

ISO 17638 can be used.

E.1.6 Eddy current test

Following flash removal this testing procedure can be employed to detect any fissures, notches or non-
homogeneity in the surface area to a depth of approximately 0,3 mm.

28
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ISO 3452-1 can be used.

E.1.7 Ultrasonic test

Ultrasonic testing can be used to find cracks or lack of bond imperfections. However, it cannot detect

impe

rfections which weaken the weld such as fine oxide films, stuck (kissing) bonds.

ISO 10863, 1S0 13588 or ISO 17640 can be used.

E.2

Destructive testing
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E.2.4

This
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Sectilons for micro andmacro examinations should be taken from the centre and the periph

of th

E.3
Whe

| General

Fuctive testing shall be applied to production weldments or, where appropriate, to
s representative of the actual weldment.

specimen should be representative. Attention should be paid to any -possible cha
rial characteristics. Methods of cutting which seriously affect the metallurgical stru
men shall not be used.

P Tensile test

mponents are very large, the welded assembly shouldbe“divided into sections. Th
Id be cut in an axial direction and include the peripherjrand central area of the weldm

3 Impact test

rally with friction welding the zone which gs-affected by the process itself is very n
the case with all other pressure welding methods, the significance of the impact valu
as that of fusion welding processes (fibre deflection). Whether or not an increase i

 is necessary depends on intended service conditions.

| Metallographic examination

examination is employed(tg‘examine the metallurgical characteristics of the friction
res can include micro structure, heat-affected zone, interface, lack of bond, inclusions
hportant factor is thé hardness survey.

b weld.

Prooftesting

Fe_practical considerations allow and when specified in the test specification, an apprd

welded test

nges in the
cture of the

P specimens
bnt.

airrow. Here,
s is not the
the impact

weld. These
and defects.

eral regions

ved method
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ch methods

are employed, the applied loads should be greater than those expected in service and the component

teste
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Annex F
(informative)

Manufacturer's friction welding procedure specification (WPS)

No.:
Company: ExaminerorExamining body:
Component: Welding machine reference:
Job No.:
Drawing No.: Tooling:
WPQR No.:
Welding coordinator:

Back stop:
Customer:
Customers Coptract No.: Flash removal: O Yes ONo
Tooling:

Sketch

Parameters of flash removal:

Materials

Materials

Rotating component

Non-rotating component

Material

Material condjtion

Preparation of faying surfaces

Welding cross-SeCtiom T T2

Tolerances required (post weld)

Joint

Length tolerance

mm

Mismatch

mm

Angular deviation

o

30
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Remarks:

ISO 15620:2019(E)

Welding coordinator

Examiner or Examining body

Name, date and signature

Name, date and signature

Additional data
Codlea Denomination Units Values .| Remarks
A Component information (\'\ 7
mm A.‘l)’
o 2>
O
B Machine settings N
Friction rotation speed(s) min-1 \q
Gauge pressure setting(s) (contact) MPa (bal;i\ N
Gauge pressure setting(s) (friction) MP,a\Qar‘)l
Friction force @\)
Gauge pressure setting(s) (forge) ) s:M‘Pa (bar)
Forge force o.‘\ kN
Contact time \‘.Qv S
Friction time n$ s
Burn-off A\U mm
Gauge pressure setting (brake) \O MPa (bar)
Burn-off rate “(-\)L‘ mm/s
Brake point/brake delay C)\\ s
Forge point/forge delay \’ . s
Forge time (\V' S
C)v
C Post weld data (.AO )
Total loss of@fﬁ mm
Total we e s
NN
D Remarks
P v&at treatment
Sl
a Additional data if required.
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Annex G

(informative)

Characteristics of friction welded components

Table G.1 shows imperfections that can occur in friction welded joints. The table indicates also why
they occur and remedial measures for corrections are suggested. It assists standardized terminology.

Table G.1 — Characteristics of friction welded components

Designa- | [Explanation Diagram Usual test Cause Remedy Remarks
tion methods
1 Shape deviation
Axial mis- |Misalignment Measure- Clamps, Adjustment of |Critical njain-
alignment |¢f parallel ment, visual |geometrical clamps, check |ly when ffic-
axes of examination, |inaccuracy, component tion weldiing
¢omponents macroscopic |stick-out too /,|g€ometry, thin-walled
long, poor reduce free tubes an
component length, better |material
preparation, |component which ar
angularity preparation very dissjm-
ilar
Angular |Axes of Measure- Clamping Improve Critical
deviation |¢omponents ment, visual,|length too clamping mainly when
Inisaligned examinatiph |short, stick-out |decrease free |welding thin-
too long, loose |length, tighten |walled tubes
clamps, axial |clamps, reduce
force too great |axial force
Parts Lateral devia- Visual ex- Welding Change Critical
overlying |tion of one or amination, parameters, mainly when
oth work- macroscopic |component friction
Eieces geometry, welding thin-
stick-out too walled tubes
long, axial and compo-
misalignment, nents of yery
workpiece dissimilaf
preparation, materialg
angularity
Deforma- |Undesired Examples: Measure- Insufficient Adjust clamp- |Occurs when
tion of ¢hange(in ment, visual |support, axial |ing, increase |welding
work- geometry % T examination [strengthtoo |rigidity thin-walled
pieces gty stick-out work=pietes
- too long, tool-
ing wear
Bending
Flattening
32 © IS0 2019 - All rights reserved
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