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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
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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, Part2.
fask of technical committees is to prepare International Standards. Draft International Standa

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.

P1, Welding, in collaboration with Technical Committee ISOAC 44, Welding and allied proces§
ftee SC 10, Unification of requirements in the field of>metal welding, in accordance with
on Technical cooperation between ISO and CEN (Vienna’Agreement).

consists of the following parts, under the general-title Specification and qualification of welq
for metallic materials — Welding procedure test:

Arc and gas welding of steels and arc welding of nickel and nickel alloys
Arc welding of aluminium and its alloys

Arc welding of cast iron

Finishing welding of aluminitum castings

Arc welding of titanitin; zirconium and their alloys

Arc 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.fmay be the subject of patent

13 was prepared by the European Committee for Standardization (CEN) Technical Committee

es,
the

ing

Part 9t

Avo indapmantay

Part 1

i 2 hunaorhario saof aaldline
7 CanaCrTwateT 11y OCTroartC—weTvwoeTrdniyg

Part 10: Hyperbaric dry welding:

1: Electron and laser beam welding

Part 12: Spot, seam and projection welding

Part 13: Resistance butt and flash welding

For the purposes of this part of ISO 15614, the CEN annex regarding fulfilment of European Council
Directives has been removed.
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Introduction

All new welding procedure qualifications are to be carried out in accordance with this part of ISO 15614 from

the

Ho

date of its issue.

wever, this part of ISO 15614 does not invalidate previous welding procedure gqualification

s made to

sta
we
em

Als|
neq
1SC

Re
Se
ww

hdards or specifications, provided the intent of the technical requirements is satisfied and¢th
ding procedure qualifications are relevant to the application and production work on which.the
ployed.

p, where additional tests have to be carried out to make the qualification technically*equivalen
essary to do the additional tests on a test piece which should be made in aceordance with
15614.

nuests for official interpretations of any aspect of this part of ISO 15614 should be direg
cretariat of ISO/TC 44/SC 10 via the national standards body, a complete listing of which can
Ww.iso.org.

e previous
y are to be

t, it is only
his part of

ted to the
e found at
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INTERNATIONAL STANDARD ISO 15614-13:2005(E)

Specification and qualification of welding procedures for
metallic materials — Welding procedure test —

1 | Scope

This part of 1ISO 15614 specifies the tests which should be used for qualification of welding|procedure
specifications.

It gpplies to resistance butt welding and flash welding of metallic materials, e.g. with solid, tubdilar, flat or
cirqular cross-section. The basic principles of this part of ISO 15614 may be applied to other|resistance
welding processes when this is specified in the specification.

NO[TE This part of ISO 15614 is a part of a series of standards., Details of this series are given in ISO 15607:2003,
Anpex A.

This part of ISO 15614 defines the conditions for carrying out tests and the limits of validity of [a qualified
welding procedure for all practical welding operationsicovered by this part of ISO 15614.

The tests required to qualify the procedure for a*particular component/assembly depend on the pTrformance
and quality requirements of the component/assembly and should be defined in the design specificafjion.

The tests should be carried out in acgordance with this part of ISO 15614, unless more severg tests are
sp¢gcified by the relevant application.standard or specification, when these apply.

NO[TE Specific service, material, or manufacturing conditions may require more comprehensive tesfing than is
spgcified by this part of ISO 15614.

Sugh tests may include:
— | microsections;
— | fatigue or-endurance tests;

— | impaetitest;

— | radiographic test;

— ultrasonic test;

— corrosion test;

— tests of components or complete welded assemblies.

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

— 24 flash welding, using direct current or alternating current with various movement sequences, constant
flashing and pulsed flashing;

— 25 resistance butt welding, using direct current or alternating current with various pressure sequences.

© 1SO 2005 - All rights reserved 1
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2 Normative references

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

EN 1289, Non-destructive examination of welds — Penetrant testing of welds — Acceptance levels

EN 1291, Non-destructive examination of welds — Magnetic particle testing of welds — Acceptance levels

V.VINIPNH

EN 1418,
setters for

EN 1711,
analysis

EN 1712,
levels

EN 1713,
welds

ISO 4063,
ISO 41361
ISO 51732

1ISO 6520-]
Part 2: We

1ISO 9015-
arc weldeg

ISO 9015-1
testing of v

EN 10002

1ISO 14271
microhardr

ISO 15607

ISO/TR 15

fully mechanized and automatic welding of metallic materials

Non-destructive examination of welds — Eddy current examination of welds by complex pls

Non-destructive examination of welds — Ultrasonic examination of welded joints — Accepta

Non-destructive examination of welds — Ultrasonic examination — Charaecterization of indication

Welding and allied processes — Nomenclature of processes andtreference numbers
, Destructive tests on welds in metallic materials — Transverse tensile test
, Destructive tests on welds in metallic materials — Bénd tests

P, Welding and allied processes — Classification‘of geometric imperfections in metallic materials
ding with pressure

3), Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness tesf
Joints

p4), Destructive tests on welds. in- metallic materials — Hardness testing — Part 2: Microhardn
elded joints

1, Metallic materials —Iensile testing — Part 1: Method of test at ambient temperature

Vickers hardnesstesting of resistance spot, projection and seam welds (low load
ess)

2003, Specirication and qualification of welding procedures for metallic materials — General rulg

6082000, Welding — Guidelines for a metallic materials grouping system

L A L+ £i £ IPYH £ £ £ H IPNH ol ot Py
veIuIrTy PICTouUrinieT APPTOUVAr (COUTTy UT VWCTUITTY UNTTAtUNo TUTN TUOSIUTT VWCTUTITY dAlTu TTorotdrivt v

nne

nce

on

hnad

bS

1) Standard equivalent to EN 895.
2) Standard equivalent to EN 910.
3) Standard equivalent to EN 1043-1.
4) Standard equivalent to EN 1043-2.
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ISO 15609-5, Specification and qualification of welding procedures for metallic materials — Welding

pro

cedure 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 176386), Non-destructive testing of welds — Magnetic particle testing

ISO 176397), Destructive tests on welds in metallic materials — Macroscopic and microscopic examination of

we
1S(

1S(

Fo

Th
Spé

Th
prg

Th
of |

6

6.1

Th
cor

asS
D 176408), Non-destructive examination of welds — Ultrasonic examination of welded joint$

D 20482, Metallic materials — Sheet and strip — Erichsen cupping test

Terms and definitions

the purposes of this document, the terms and definitions given in ISO.45607 and ISO 6520-2 af

Preliminary welding procedure specification (pWPS)

b preliminary welding procedure specification shall be prepared in accordance with 1ISO 15609
cify all relevant parameters and requirements.

Welding procedure test

e manufacturing and testing of companents and/or test pieces representing the type of weldi
duction shall be in accordance with Clauses 6 and 7.

e resistance-weld setter, who undertakes the welding procedure test satisfactorily in accordance
SO 14614, shall be qualified-forthe appropriate range of qualification given in EN 1418.

Test piece and'test specimen

General

b welded ‘assembly, to which the welding process will relate in production, shall be represente
hponents or by manufacturing a standardized test piece, according to 6.2.

Te

ply.

-5. It shall

ng used in

to this part

j by actual

5t Specimens shall be cut from actual components; the test pieces are welded separately accor

ling to 6.2.

In some cases, e.g. small solid bars or small tubes, the work piece will be tested directly.

Standard equivalent to EN 970.
Standard equivalent to EN 12903.
Standard equivalent to EN 1321.
Standard equivalent to EN 1714.

© 1SO 2005 - All rights reserved
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6.2 Shape and dimensions of test specimens

6.2.1

General

The specimens or the test pieces shall be of sufficient number and/or size to allow all required tests to be
carried out. They shall correspond to the test procedure and the component to be welded.

Additional test pieces/specimens, which are larger than the minimum allowed, can be manufactured for
subsequent tests and for back-up tests. The type and number of tests can be seen in Table 1.

If not othepwise-spesified—test-speeimens—of-the-shape—and-dimensiens—stipdlatedir-6-2-2to-6-2-6-shall
used.
Table 1 — Testing and examination of the test specimens
Extent of test
Test specimen Test type Footnote
A B
Visual examination every weld every weld
Penetrant test every weld every weld
Bal Tensile test 3 specimens — a
afs/rods . .
Bend test 6 specimens 2 specimens a
Macrosection 1 weld — b
Hardness test 1 meas.row ~\ b, g
Visual examination every weld every weld
Penetrant test every weld every weld
H ' Tensile test 3 specimens 2 specimens
oflow profile . .
Bend test 6 specimens 2 specimens a
Macrosection 1 weld — a,cf
Hardness test 1. meas.row — g
Visual examination every weld every weld d
Penetrant test every weld — d
Tensile test 3 /weld 2 /weld d,
Sheet metal and strips Bend test 3 /weld 2 /weld d, e,
Cupping test 3 /weld — de
Macrosection 3 /weld — d,
Hardngss\test 1 meas.row — b,

De|

Ab

material.

material.

breviations:'3 /weld = 3 specimens for each weld joint.

pending on the application, two optional test classes should be distinguished according to the load:
Column A: For application under static stress up to the highest fatigue stress for the parent

Column B: Eerapplication under static stress of up to 50 % of the level allowed for the parent

a
b

When the used test pieces are large enough, more than one specimen can be taken from one weld joint.
Not required for steels in group 1 in accordance with ISO/TR 15608:2000 under static loading except for low

C

d
e

f

g

temperature applications.

With thin wall thicknesses, it is an advantage to carry out the cupping test instead of the bend test. A level

At least two welds shall be carried out.
One test specimen from each edge and one from the middle; if column B is relevant, one specimen from the

edge and one from the middle.

surface of 70 mm in diameter is required for the cupping test (see 7.3.3). Circular tubes with thin walls can be tested
using the petal test (see 7.3.4).

The cupping test is preferred for steels which have a tensile strength up to 450 N/mm? and wall thicknesses up

Measuring row in a macrosection transverse to the weld.

to 5 mm. For higher tensile strength(s) and/or thicker materials, use the bend test. With aluminium materials, the
deformation capacity of the unaffected parent material determines the wall thickness, up to which the cupping test
can be used for the welded joints.

be

© ISO 2005 — All rights reserved
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.2 Test specimen for the tensile test

The test specimen shall be prepared in accordance with EN 10002-1, while also taking into account ISO 4136,
always provided this is applicable to butt-welded joints.

6.2.

3 Test specimen for the bend test

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

6.2

.4 Test specimen for the cupping test

Th
6.2
Th

A
the

6.2
Th

An

6.3
Pre
be

pro
eX4d

7.1

Th
req

Th
zof|

7.2

 test specimen shall be prepared in accordance with ISO 20482.
5 Test specimen for the hardness test
p test specimen shall be prepared in accordance with ISO 9015-1 and 1ISO 9015-2.

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

6 Test specimen for the petal test on thin sheets
b test specimen shall be prepared in accordance with ISO 15620:2000, 7.2, Figure 8.

deviations from these requirements have to be defined in\the design specification.

Welding of components, test pieces or testspecimens
paration of components, test pieces or test specimens and welding of the test pieces or speci
carried out in accordance to the pWPS and_the’general requirements of the corresponding ma

cess. Welding and testing of the test pieces or specimens shall be withessed by an exam
mining body as defined in the specification.

Testing and examination

Extent of testing

b testing includes_both non-destructive and destructive testing. It also shall correspond with
uirements of the-component to be welded, as well as the requirements stated in Table 1.

p size of the test specimens shall include the zone which is liable to failure, even outside the hg
e (HAZ).

Non-destructive testing

weld zone,

mens shall
hufacturing
iner or an

the quality

at affected

7.2.

1 General

For an effective testing of the specimens, their condition shall comply with the specifications in the respective
standards, e.g. complete burr removal for the penetrant test.

7.2

.2 Visual examination

Visual examination shall be carried out in accordance with ISO 17637. Use a magnifying glass (six- to ten-fold
magnification) to inspect the welds for visible imperfections, such as surface cracks. Metal expulsion and weld
burr shall also be taken into consideration if they have not been removed directly after the welding process.

© 1SO 2005 - All rights reserved
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7.2.3 Penetrant test
Penetrant testing shall be carried out in accordance with EN 1289.
7.2.4 Magnetic particle test

Magnetic particle testing of ferromagnetic materials shall be carried out in accordance with 1SO 17638 and
EN 1291 in place of penetrant testing (see 7.2.3).

7.2.5 Eddy current test

Eddy currgnt testing of ferritic materials shall be carried out in accordance with EN 1711 in place of penetllant
testing and magnetic particle testing (see 7.2.3 and 7.2.4).

7.2.6 Ultrasonic test

Ultrasonic festing shall be carried out in accordance with EN 1712, EN 1713 and EN 17640.

7.3 Desfructive tests

7.3.1 Tepnsile test

Tensile testing shall be carried out in accordance with EN 10002-1.
7.3.2 Bend test

Bend testing shall be carried out in accordance with ISO 5173,
7.3.3 Cypping test

The cupping test shall be carried out in accordance with ISO 20482.
7.3.4 Petal test

Petal testirjg shall be carried out in accordance with ISO 15620.

7.4 Madrosection

The test specimen shall be prépared as a cross-section cut through the weld, it shall then be etched to show
the weld, the heat-affected zone (HAZ) and the unaffected parent material. The test shall be carried ouf 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 that
accurate measurements of the diagonal of the indentations can be obtained in the different zones of the
welded joint. The hardness can be determined in one or more traces. A trace consists of a row of hardness
indentations, whereby all individual indentations are in a straight line. In the case of a circular cross-section, if
only one trace has been defined in the design specification, the trace shall be arranged as a parallel at
0,6 times the radius to the 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 out in
accordance with 1ISO 14271.

7.6 Re-testing

If the component or test piece fails to comply with any of the requirements for visual examination or non-
destructive testing (NDT) specified, one further component or test piece shall be welded and subjected to the

6 © ISO 2005 — All rights reserved
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same tests. If the test results of this additional component or test piece also do not comply with the
requirements, the welding procedure test has failed.

If any test specimen fails to comply with the requirements for destructive testing, but only due 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 test specimen that failed. If either of the additional
test specimens does not comply with the requirements, the welding procedure test has failed.

8 Range of qualification

8.1 General

A

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 welding procedure specification (WPS) obtained by a manufacturer is valid for|welding in
wolkshops or sites under 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 used in“production (shape, thickness, chemicgl analysis,
mechanical properties, heat treatment). Any modification@hall be defined in the specification.

8.4 Welding procedures

8.41 Welding process

The qualification only applies to the welding process used in the welding procedure test.

8.42 Welding equipment

The qualification only applies t0the welding equipment actually used in the welding procedure test.
8.43 Postweld heat'treatment

The¢ qualification-only applies for heat treatment used in the welding procedure test. Changes fo the heat
treatment, or delétion of heat treatment, requires requalification of the WPS.

8.3 Test certificate

Anlexample of the form of a test certificate is shown in Annex A.

9 Welding procedure qualification record (WPQR)

The result of every test performed for each welded assembly, including additional tests, shall be recorded 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 under Clause 7. On completion of satisfactory 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 in this document. Annex B contains an
example of a WPQR form.

© 1SO 2005 - All rights reserved 7
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Annex A
(informative)

Example of welding procedure qualification — Test certificate

Manufacturer’s welding procedure test

Flash weldling 9 Resistance butt welding )
Document|No.: Date of welding procedure test:

Examiner ¢r examining body:
Address:

Manufactufer:
Address:

Regulationftest standards:
Extent of testing:

Parent maferial(s):
Pretreatmgnt of the materials:
Welding process:

Weld crosg-section (mm?2):

Average thickness (mm): Average width (mm):

If tube or cjrcular bar material: Outside diameter (mm):
Wall thickness (mm):
Welding eqquipment/machine :

Manufactufer:

Type:
Year of mgnGfacture:

Inventory No.:
Current mode: alternating current ) direct current 9)

Weld program:

Postweld heat treatment:

9) Cross out what is not applicable.

© ISO 2005 — All rights reserved
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Additional information :

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

Place Examiner or examining body

Dage Name and signature

© 1SO 2005 - All rights reserved 9
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Annex B

(informative)

Example of welding procedure qualifications record form (WPQR)

B.1 Ge

eral

WPQR — N

Manufactu

Place:

Weld sette

o.. Date:

[er:

1 Name:

Qualification:

Examiner ¢r examining body:

Document

Welding pn

B.2 Wel

Welding m

B.3 Wel

Drawing N

No.:
pcess: Flash welding 19
fding equipment

pchine manufacturer:
Type:
Inventory No.:

Current mode:  AC 10)

ding task

Resistance butt welding 10)

DC 10)

Sketch of t

1<l 'H
1S VWTOITU UITUOO O T ULIVUTT.

Cross-section (mm?):

Average wall thickness (mm):

Component in closed shape (ring): no 19

10) Cross out what is not applicable.

10
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Throat length # (mm):

ISO 15614-13:2005(E)

(according to Figure B.1, if base cross-sections are different)

Ed

a

b

i

)

+

N_| N

20°

- 2"
/Y

%]

Wil 777

S i

e preparation according to Figures B.2 a) to B.2 d) :

Figure B.1 — Throat depth in the case of different cross-sections

20°
50

e

¢d

®0

a) b)
20°
50
a

w

c) d)
s_1
S 4
a_1
D

Sheet width.

Side nearest power supply.

Figure B.2 — Edge preparation for resistance butt or flash welding
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