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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with

Internation
Internation
The main

adopted b

Internation

Attention id
rights. ISO

ISO 15614
Subcommi

This secor]
revised.

ISO 15614
procedure:s

Part 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7,

Part 8

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standag
y the technical committees are circulated to the member bodies for votingOPublication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

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

13 was prepared by Technical Committee ISO/TC 44 Welding and allied procesg
ftee SC 6, Resistance welding and allied mechanical joining:

d edition cancels and replaces the first edition (ISO 15614-13:2005), which has been technic
consists of the following parts, under the general title Specification and qualification of weld
for metallic materials — Welding procedure-test:

Arc and gas welding of steels and arcwelding of nickel and nickel alloys
Arc welding of aluminium and its alloys
Fusion welding of non-alloyed and low-alloyed cast irons
Finishing welding of atuminium castings
Arc welding of titanium, zirconium and their alloys
Arc and gas'welding of copper and its alloys
Overlay-welding

Welding of tubes to tube-plate joints

the

rds
an

drawn to the possibility that some of the elements of this document.may be the subject of patent

es,

ally

ing

Part 1

Part 9.

Arc underwater hyperbaric wet welding

Part 10: Hyperbaric dry welding:

1: Electron and laser beam welding

Part 12: Spot, seam and projection welding
Part 13: Upset (resistance butt) and flash welding

Part 14: Laser-arc hybrid welding of steels, nickel and nickel alloys
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Requests for official interpretations of any aspect of this part of ISO 15614 should be directed to the
Secretariat of ISO/TC 44/SC 10 via your national standards body. A complete listing of these bodies can be

found at www.iso.org.
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Introduction

It is intended that all new welding procedure qualifications be carried out in accordance with this part of
ISO 15614 from the date of its issue.

However, this part of ISO 15614 does not invalidate previous welding procedure qualifications made to other
standards |or specifications, provided the intent of its technical requirements is satisfied and the previpus
welding prpcedure qualifications are relevant to the application and production work on which they are.to| be
employed.

Also, whete additional tests have to be carried out to make the qualification technically, equivalent, if is
necessary [only to perform the additional tests on a test piece made in accordance with this part of ISO 15614.

The various parts of ISO 15614 comprise, in their turn, a series of International Standards on welding, detpils
of which afe given in ISO 15607:2003, Annex A.
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INTERNATIONAL STANDARD

ISO 15614-13:2012(E)

Specification and qualification of welding procedures for

metallic materials — Welding procedure test —
Part 13
U cot (racictancoe bttt and flach waldina
A=A YA ‘l A2 A LA 1% 1B A"AY] M“‘l, ATTA TTUAWVIT Yy owoiwWAll lu
1 | Scope
This part of ISO 15614 specifies tests for the qualification of welding procedure” specifications af

ups
cro

et (resistance butt) welding and flash welding of metallic materials, e.g{ with solid, tubular, flat
ss-section. Its basic principles can also be applied to other resistance welding processes w

sta

Thi

welding procedure for all the practical welding operations that it covers. The tests required to
prdcedure for a particular component or assembly depend on:the performance and quality requirem
corhponent or assembly, as defined in the design specification. The tests are intended to be ca
acgordance with the requirements of this part of ISO\15614, unless more severe tests are speci

rel

NO|
by
tes

Thi

2

Th
refe
dog

ed in the specification.

part of ISO 15614 defines the conditions for carrying out 4ests and the limits of validity of

vant application standard or specification and when'these apply.

TE Specific service, material, or manufacturing*conditions can require more comprehensive testing th
his part of ISO 15614. Such tests can include ‘microsections, fatigue or endurance tests, impact tests,
ing, ultrasonic testing, corrosion testing and tests of components or complete welded assemblies.

s part of ISO 15614 covers the following resistance welding processes, as defined in ISO 4063:

24 flash welding, using direet:current or alternating current with various movement sequence
flashing and pulsed flashing;

25 resistance upsetwelding, using direct current or alternating current with various pressure se

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

b
b
2
L

plicable to
or circular
hen this is

a qualified
qualify the
ents of the
ried out in
fied by the

an specified
fadiographic

5, constant

quences.

For dated
referenced

ument (including any amendments) applies.

ISO 4063:2009, Welding and allied processes — Nomenclature of processes and reference numbers

ISO 4136, Destructive tests on welds in metallic materials — Transverse tensile test

ISO 5173, Destructive tests on welds in metallic materials — Bend tests

ISO 6520-2, Welding and allied processes — Classification of geometric imperfections in metallic materials —
Part 2: Welding with pressure

ISO 6892-1, Metallic materials — Tensile testing — Part 1. Method of test at room temperature

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=40d92984e2b27fb5936299c73d124bd0

ISO 15614-13:2012(E)

ISO 9015-1, Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness test on
arc welded joints

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

ISO 11666

, Non-destructive testing of welds — Ultrasonic testing of welded joints — Acceptance levels

ISO 14271, Resistance welding — Vickers hardness testing (low force and microhardness) of resistance spot,

projection,

and seam welds

1ISO 14732
weld sette

ISO 15607

ISO/TR 15

ISO 15609

procedure |specification — Part 5: Resistance welding

ISO 15620£2000, Welding — Friction welding of metallic materials

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

ISO 17638, Non-destructive testing of welds — Magnetic particle testing

ISO 17639, Destructive tests on welds in metallic materials << Macroscopic and microscopic examination
welds

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, 3
assessmeit

ISO 17643, Non-destructive testing of welds —Eddy current testing of welds by complex-plane analysis

ISO 20482
ISO 23277
ISO 23278

ISO 23279

3 Term

. Welding personnel — Approval testing of welding operators for fusion welding and of resista
s for fully mechanized and automatic welding of metallic materials

:2003, Specification and qualification of welding procedures for metallic materials — General rulg
508:2005, Welding — Guidelines for a metallic materials grouping system

-5, Specification and qualification of welding procedures for metallic “materials — Welq

, Metallic materials — Sheet and strip — Erichsen cupping test
Non-destructive testing of welds — Penetrant testing of welds — Acceptance levels

. Non-destructive testing of welds — Magnetic particle testing of welds — Acceptance levels

s and-definitions

For the pu

, Non-destructive’testing of welds — Ultrasonic testing — Characterization of indications in weld$

nce

bS

ing

of

hnad

4 Preliminary welding procedure specification

The preliminary welding procedure specification (pWPS) shall be prepared in accordance with ISO 15609-5. It
shall specify all relevant parameters and requirements.
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5 Welding procedure test

The manufacturing and testing of components and/or test pieces representing the type of weldi
production shall be in accordance with Clauses 6 and 7.

3:2012(E)

ng used in

The resistance weld setter who satisfactorily undertakes the welding procedure test in accordance with this

part of ISO 15614 shall be qualified for the appropriate range of qualification given in ISO 14732.

6 Test pieces and test specimens

6. General

Th¢ welded assembly tested shall be the actual component used in production or a standardized
acgording to references included in 6.2.

Tesgt specimens may be cut from the actual component if required. Test pieces arée-to be tested se
acgordance with 6.2.

6.4 Shape and dimensions of test specimens

6.21 General

The testing includes non-destructive testing (NDT) and/or destructive testing.

The selection of test types and the number of test specitiens depends on the performance, safety
requirements of the component or assembly and shall.be established before any qualification is u

Examples are given in Table 1.

If ot otherwise specified, test specimens ofcthe shape and dimensions stipulated in 6.2.2 to 6.2
used.

test piece

barately, in

and quality
ndertaken.

.6 shall be
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Table 1 — Examples for testing and examination of test specimens

Test specimen

Test type

Extent of test

Test class A

Test class B

Bars/rods

Visual examination
Penetrant test
Tensile test
Bend test

MacrosectionP

Every weld
Every weld
Three specimens?
Six specimens?

QOne weld

Every weld

Every weld

Two specimens?

Hardness test?

One measuring row9d

Hollow profile

Visual examination
Penetrant test
Tensile test
Bend test
Macrosectionc f

Hardness test

Every weld
Every weld
Three specimens
Six specimens?
One weld?

One measuring row9d

Every weld
Every weld
Two specimens

Two specimens?

parent materjial determines the wall thickness, up to which the cupping test can be used for the welded joints.

Sheet metal and strips Visual examination Every weld? Every weldd
Penetrant test Every weld? —
Tensile test® Three specimens per weld{oeint® | Two specimens per weld join{d
Bend testef Three specimens per weld joint®: | Two specimens per weld join{®
Cupping teste f Three specimens peraveld jointd —
Macrosection® Three specimens_per weld jointd —
Hardness test? One measuring row9d —
Depending|on the application, two optional test classes should,be distinguished, according to the load:
A:  Hor application under static stress up to the highest fatigue stress for the parent material.
B: Hor application under static stress of up t0.50'% of the level allowed for the parent material.
@  When the used test pieces are large enough, more than one specimen can be taken from one weld joint.
b Not required for steels in group 1 in accordance with ISO/TR 15608:2005 under static loading except for low temperature
applications.
¢ with thih wall thicknesses, it is an @dyantage to carry out the cupping test instead of the bend test. A level surface of 70 mnj in
diameter is required for the cupping telst+(see 7.3.3). Circular tubes with thin walls can be tested using the petal test (see 7.3.4).
d At least/two welds shall be earfied out.
€ One test specimen from'€ach edge and one from the middle; if test class B is relevant, one specimen from the edge and one filom
the middle.
f The cugping test'is preferred for steels which have a tensile strength up to 450 N/mm?2 and wall thicknesses up to 5 mm. For higher
tensile strenpth(s) and/or thicker materials, use the bend test. With aluminium materials, the deformation capacity of the unaffeqted

9 Measuring row in a macrosection transverse to the weld.

6.2.2 Tensile test specimen

The test specimen shall be prepared taking into consideration ISO 4136 and ISO 6892-1 and any standard
referenced by the applicable contract or specification.

6.2.3 Bend test specimen

The test specimen shall be prepared in accordance with ISO 5173.

© 1SO 2012 — All rights reserved
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6.2.4 Cupping test specimen

The test specimen shall be prepared in accordance with ISO 20482.

6.2.5 Hardness test specimen
The test specimen shall be prepared in accordance with ISO 9015-1 and ISO 9015-2.

A macrosection transverse to the weld shall be prepared and etched in order to clearly show the weld zone,
the heat-affected zones (HAZ) and the unaffected parent material.

6.216 Petal test specimen using thin sheets
Th¢ test specimen shall be prepared in accordance with ISO 15620:2000, Figure 8.

Any deviations from the requirements shall be defined in the design specification.

6.3 Welding of components, test pieces or test specimens

Prgparation of components, test pieces or test specimens and the welding-of the test pieces shall|be carried
ouf in accordance with the welding procedure specification (WPS)~and the general requiremgnts of the
corresponding manufacturing process.

7 | Testing and examination

7.1 Extent of testing

The testing includes non-destructive and/or destructive testing (see examples in Table 1). It shall meet the
quality requirements of the component to be welded.

The size of the test specimens shall include the zone in which failure is liable to occur, even outside the heat-
aff¢cted zone (HAZ).

7.4 Non-destructive testing (NDT)

ions in the

4 to ten-fold
h and weld
burr shaII also be taken |nto consrderatron if they have not been removed directly after the weIdrng process.

7.2.3 Penetrant test

Penetrant testing shall be carried out in accordance with ISO 23277.

7.2.4 Magnetic particle test

Ferromagnetic materials shall be subjected to magnetic particle testing in accordance with 1ISO 17638 and
ISO 23278, instead of penetrant testing (7.2.3).

© 1SO 2012 — All rights reserved 5
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7.2.5 Eddy current test

Ferritic materials shall be subjected to eddy current testing in accordance with ISO 17643, instead of
penetrant testing (7.2.3) or magnetic particle testing (7.2.4).

7.2.6 Ultrasonic test

Ultrasonic testing shall be carried out in accordance with ISO 11666, ISO 23279 and ISO 17640.

7.3 Destructive tests

7.3.1 Tensile test

Tensile testing shall be carried out in accordance with ISO 6892-1.

7.3.2 Bend test

Bend testing shall be carried out in accordance with ISO 5173.

7.3.3 Cupping test

The cuppirlg test shall be carried out in accordance with ISO 20482.

7.3.4 Pefal test

Petal testirjg shall be carried out in accordance with ISO 15620

7.4 Magdgrosection

The test specimen shall be prepared as a cross-seetion cut through the weld, which shall then be etched to
show the weld, the HAZ and the unaffected parentmaterial. The test shall be carried out in accordance With
ISO 17639,

7.5 Hardness distribution

The surfage of the cross-section.to“be tested shall be properly prepared and preferably etched, so t{hat
accurate measurements of the- diagonal of the indentations can be obtained in the different zones of [the
welded joimt. The hardness ecan-be determined in one or more traces. A trace consists of a row of hardness
indentatiorls, where all individual indentations are in a straight line. In the case of a circular cross-section, if
only one frace has beén-defined in the design specification, the trace shall be arranged as a paralle| at
0,6 times the radiustocthe centre axis. With a steel sheet section, the trace shall be of 0,6 times the sheet
thickness and positioned parallel to the sheet surface. The hardness measurement shall be carried ouf in
accordance withiiSO 14271.

7.6 Re- t;ng

If the component or test piece fails to comply with any of the requirements for the visual examination or NDT
specified, one further component or test piece shall be welded and subjected to the same tests. If the test
results of this additional component or test piece also do not comply with the requirements, the welding
procedure test is considered to have been failed.

If any test specimen fails to comply with the requirements for destructive testing, due only to weld
imperfections, two further test specimens shall be obtained for each one that failed. Each additional test
specimen shall be subjected to the same tests as the initial, failed, test specimen. If either of the additional
test specimens fails to comply with the requirements, the welding procedure test is considered to have been
failed.

6 © 1SO 2012 — Al rights reserved
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8 Range of qualification

8.1 General
All of the conditions of 8.1 to 8.5 shall be met independently of each other.

Changes outside the ranges specified require a new welding procedure test.

8.2 Related to the manufacturer

A qualification of a WPS obtained by a manufacturer is valid for welding in workshops or sites undgr the same
technical and quality control of that manufacturer.

8.3 Related to the parent metal

All tests shall be carried out with materials as they are used in production (shape, thickness, chemigal analysis,
mechanical properties and heat treatment). Any modification shall be defined in, the specification.

8.4 Welding procedures

8.41 Welding process

The qualification only applies to the welding process used in thedvelding procedure test.
8.42 Welding equipment
Th¢ qualification only applies to the welding equipment actually used in the welding procedure test.

8.4.3 Postweld heat treatment

The qualification applies only for heat:tfeatment used in the welding procedure test. Changes fo the heat
treatment, or deletion of heat treatment, require requalification of the WPS.

8.9 Test certificate

Anlexample of the form of a test certificate is shown in Annex A, which may be copied by the user.

9 | Welding procedure qualification record

The result ef\every test performed for each welded assembly, including additional tests, shall be regcorded in a
welding procedure qualification record (WPQR). All relevant items listed for the WPS in ISO 15609-5 shall be
included, " together with details for causes for rejection in accordance with Clause 7. On completion of
satjsfactory tests, the WPS shall be signed and dated by the examiner or examining body.

A WPQR form should be used for entering details of the welding process and test results. This enables easier
attainment of a uniform description and assessment of the information given. Annex B contains an example of
a WPQR form, which may be copied by the user.

© 1SO 2012 — All rights reserved 7
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Annex A
(informative)

Example of welding procedure qualification — Test certificate

Manufacturer's welding procedure test

Flash welding/Upset (resistance butt) welding  [Cross out whichever is not applicable]

Document|no.:

Examiner ¢r examining body:
Address:

Manufactufer:
Address:
Regulationftest standards:
Extent of testing:

Parent maTeriaI(s):
Pretreatmgnt of the materials:

Welding process:

Weld crosg-section (mm2):
Average thickness (mm):
If tube or cjrcular bar material:

Welding eguipment/machine:

Manufactufer:
Type:
Year of mgnufacture:
Inventory no.:

Current mqde:
Weld progtam:
Postweld Heat treatment:

Additional |nformation ¢

We hereby| confirm that the test welds have been carried out in accordance with the conditions required by
given regulations{and test standards. Test pieces have been satisfactorily prepared, welded and tested.

Alternating curfent/Direct current

Date of welding procedure test:

Average width (mm):
Outsidesdiameter (mm):
Wall-thickness (mm):

[Cross out whichever is not applicable.]

the

Place Examiner or examining body
Date Name and signature
8
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(informative)

ISO 15614-13:2012(E)

Example of welding procedure qualifications record form (WPQR)

B.1_General

WRQR no.: Date:
Mahnufacturer:
Plgce:
Wgld setter Name:
Qualification:

Examiner or examining body:

Dogument no.:

Wdqlding process:  Flash welding/Upset (resistance welding)

.2 Welding equipment
W¢lding machine manufacturer:
Type:

Inventory No.:

Current mode: Alternating current/Direct current

B.3 Weldingtask
Drawing no-.

Sketeh of the weld cross-section:

[Cross out whichever is not applicg

[Cross out whichever is not applid

ble.]

able.]

Cross-section (mm?2):
Average wall thickness (mm):
Component in closed shape (ring): No/Yes

Parent material(s):

Preparation and/or cleaning method:

© 1SO 2012 — All rights reserved
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B.4 Machine settings
Electrical settings :
Transformer tap:
Secondary voltage (V): (open circuit)

Mechanical settings :

Irfitlatetectrode distance {mmy:
Final electrode distance (mm):
(lamping length left side (mm):
Jlamping length right side (mm):
(lamping pressure left side (bar):
(lamping pressure right side (bar):
(lamping force left side (N):

(lamping force right side (N):

Welding parameter:
Welding parameter for flash welding according to Table B.4.

Welding parameter for resistance upset welding according to Table B.2.

Table B.1 — Welding parameter settings for flash welding

Welding parameter settings
Force | Secondary Step limitation Current on/off sequence Plate speed
Procesq step voltage - R .
Travel Time On-time | Off-time | No. of Vo Ve
cycles
kN % mm S S S mm/s | mmls
Initial flashing 100 3 0,4 0,4
. NS _
Pause time} ,\%
Preheating 5 50 4 3,5 0,5 0,2 5 — —
- - g —
Linear flashing §) 100 8 0,8 1,4
Progresswv » 100 1 . 1.4 3
flashing
Upsetting 16 70 46 4 42 62 4
Postheating 8 30 — 1,8 0,3 0,3 3
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