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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 17635:2016(E)

Non-destructive testing of welds — General rules for
metallic materials

1 Scope

This document gives guidelines for the choice of non-destructive testing (NDT) methods for welds and
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ness, welding process and extent of testing.

document also specifies general rules and standards to be applied to the different type
ther the methodology or the acceptance levels for metallic materials.

ptance levels cannot be a direct interpretation of the quality levels ‘defined in I
0042. They are linked to the overall quality of the produced batch of welds.

irements for acceptance levels for NDT comply with quality levels'stated in ISO 5817 ¢
erate, intermediate, stringent) only on a general basis and not in'detail for each indica

x A gives correlations between quality, NDT and acceptance’level standards.

X B gives an overview of the standards linked to qualityrlevels, acceptance levels and N

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document:-For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

452-1, Non-destructive testing —-Penetrant testing — Part 1: General principles

817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (b4
ded) — Quality levels forimperfections

712, Non-destructiye:testing — Qualification and certification of NDT personnel
0042, Welding-=~-Arc-welded joints in aluminium and its alloys — Quality levels for imper

0675-1, Non=destructive testing of welds — Acceptance levels for radiographic testing —
|, titanium,and their alloys

067552, Non-destructive testing of welds — Acceptance levels for radiographic testin
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tion.

DT methods.

heir content
applies. For
hts) applies.
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fections.

Part 1: Steel,

g — Part 2:

inium and its alloys

ISO 10863, Non-destructive testing of welds — Ultrasonic testing — Use of time-of-flight diffraction
technique (TOFD)

ISO 11666, Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

ISO 13588, Non-destructive testing of welds — Ultrasonic testing — Use of automated phased array
technology

ISO 15626, Non-destructive testing of welds — Time-of-flight diffraction technique (TOFD) —
Acceptance levels

[SO 17636-1:2013, Non-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-ray
techniques with film
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ISO 17636-2:2013, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray
techniques with digital detectors

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

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

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

assessment

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

[SO 19285,

ISO 23277, N

ISO 23278, |}
ISO 23279, N

3 Terms

For the pury
[SO and IEC

IEC Eleq
ISO Onl

31
testing leve
degree of th|

[SOURCE: IS

Note 1 to en
selection of t

3.2
testing org;
internal or ¢

[SOURCE: I
definition.]

3.3
indication

fon-destructive testing of welds — Phased Array technique ( PA] — Acceptance criteria
Jon-destructive testing of welds — Penetrant testing — Acceptance levels
Von-destructive testing of welds — Magnetic particle testing — Acceptance levels

(on-destructive testing of welds — Ultrasonic testing — Characterization of.indications in

and definitions
oses of this document, the following terms and definitions-agply.
maintain terminological databases for use in standardization at the following address

tropedia: available at http://www.electropedia.org/

ne browsing platform: available at http://www.iso.org/obp

1
proughness and selection of parameter Settings with which a testing method is applie

0/TR 25901-1:2016, 2.2.4.5, modified — “non-destructive” was deleted from the defini
bsting levels is normally related to the quality requirements.
hnization

xternal organjzation carrying out non-destructive testing

50/TR 25901-1:2016, 2.2.1.7, modified — “destructive testing” was deleted fron

try: Different levels correspend to different sensitivities and/or probabilities of detection|.

welds

—_

Fion.]

The

the

<non-destructive testing> representation or signal from a discontinuity in the format allowed by the
non-destructive testing method used

[SOURCE: ISO/TR 25901-1:2016, 2.2.4.2, modified — “in the format allowed by the non-destructive
testing method used” was added to the definition.]

3.4

internal discontinuity
<non-destructive testing of welds> discontinuity that is not open to a surface or not directly accessible

3.5

quality level

description of the quality of a weld on the basis of type, size and amount of selected imperfections
[SOURCE: ISO/TR 25901-1:2016, 2.5.17]
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inspection lot
<non-destructive testing of welds> group of welds which is expected to show a uniform quality

Note

1 to entry: Group members can be a part of a weld, a full weld or several welds.

Note 2 to entry: The uniform quality can be due to welding procedure applied, material, type of joint, welder,

envir

onmental conditions during execution, time period or other items affecting the quality.

4 Abbreviated terms

For t

he purposes of this document, the abbreviated terms given in Table 1 apply.

Table 1 — Abbreviated terms

1g of parent
is, however,
for methods

their alloys

Testing method Abbreviation

Eddy current testing ET

Magnetic particle testing MT

Penetrant testing PT

Radiographic testing RT

Ultrasonic testing uT

Visual testing VT
5 Limitations
5.1 | Stage of manufacture
This|document has been prepared for the‘testing of completed welds (see 10.3). Testir
matgrials prior to welding or between wélding sequences is not covered by this document. It
recommended that such testing be pérformed in accordance with the reference standards
and acceptance levels.
5.2 | Extent of testing
The ¢xtent of testing shath be given in an application standard or defined in a specification.
5.3 | Materials
This|[document includes requirements for testing of fusion welds in the following materials
and their eombinations:
a) gteel;
b) aluminium;
c) copper;
d) nickel;

e) titanium.

The use of this document for other metallic materials shall be specified.
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6 Personnel qualification

Personnel performing NDT and the evaluation of the results for final acceptance of welds shall be qualified
in accordance with ISO 9712 or equivalent at an appropriate level in the relevant industrial sector.

7 Testing organization

The testing organization should be organized independently of the production and its activities should
be controlled by a quality management system.

8

Docun

8.1 Docu

Prior to test
be provided|

nentation

mentation prior to testing

ing, all necessary preliminary information required by the testing method-standards

8.1.1 Written procedures

All testing
the individujal testing method or as specified.

all be performed in accordance with written procedures ds required by the standary

8.1.2 Testing plan

It can be necessary to carry out additional testing includifig- more than one NDT method or mu
applicationg of one method. In such cases, all methods uSed shall be defined in a testing plan, v
shall deter

other relate

8.2 Docu

8.2.1 Rec

All testing s

ine the sequence and extent of testing and\ether relevant aspects for control of testin
H activities.

mentation after testing

prds of individual testing

hall be recorded as required by the referred standard for the relevant testing method.

8.2.2 Final report

For each tes
testing plan

a)
b)
‘)
d)
e)

f)
g)

reports

t object or group of test objects, a final report shall contain the information required b
and shall;as"a minimum, include:

required by the standards for the individual testing method;

shall

d for

tiple
rhich
r and

y the

identifi

fation of the test object;

reference to the individual testing records, including status (not tested, accepted, rejected);

identification of tested welds and/or reference to documents identifying these welds;

system for marking of the individual welds and/or reference to documents indicating the
description of system used for the coordination of the testing;

identification of personnel and organizations that have performed the testing;

record of deviations from the applied standard regarding testing technique and acceptance levels.
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9 Selection of testing method

9.1

General

This document determines requirements for selection of testing methods for various types of materials
and types of fusion welds. These methods may be used alone or in combination in order to give the
required result.

Before selecting testing methods and levels, the following items should be considered:

a) welding processes;

b)
J
d) ¢

)

If ne

application standard only requires another selection of methods,testing levels listed in An]

used

9.2
The §

in Taple 3 for internal discontinuities.

Tab]

e) iuality levels;

arent metal, welding consumable and treatment;
int type and geometry;

omponent configuration (accessibility, surface condition, etc.);

iscontinuity type and orientation expected.

cessary, testing methods and levels other than those listeéd in Annex A may be se

as appropriate. Such alterations shall be specified.

Butt- and T-joints with full penetration

renerally accepted methods for testing of welds'are given in Table 2 for surface discont

ected. If an
hex A can be

inuities and

e 2 — Generally accepted methods for detection of accessible surface discontindities for all
types-ofwelds, including fillet welds
Materials Testing methods
Fertitic steel VT
VT and MT
VT and PT
VT and (ET)
Austenitic steel VT
Aluminium and nickel VT and PT
Copper and titanium VT and (ET)
NOTE Methods in parentheses are only applicable with limitations.
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Table 3 — Generally accepted methods for detection of internal discontinuities for butt- and
T-joints with full penetration

Nominal thickness of the parent material to be welded
Materials and type of joint mtm
t<8 8<t<40 t>40

Ferritic butt-joints RT or (UT) RT or UT UT or (RT)
Ferritic T-joints (UT) or (RT) UT or (RT) UT or (RT)
Austenitic butt-joints RT RT or (UT) (RT) or (UT)
Austenitic T{joints (UT) or (RT) (UT) and/or (RT) (UT) or (RT)
Aluminium hutt-joints RT RT or UT RT orUT
Aluminium T-joints (UT) or (RT) UT or (RT) UT or|(RT)
Nickel and cpper alloy butt-joints RT RT or (UT) (RF)or (UT)
Nickel and c¢pper alloy T-joints (UT) or (RT) (UT) or (RT) (UT) or (RT)
Titanium buft-joints RT RT or (UT) —
Titanium T-jpints (UT) or (RT) UT or (RT) —
NOTE 1 MetHods in parentheses are only applicable with limitations.
NOTE 2 For yltrasonic testing of austenitic joints, see ISO 22825.

9.3 Butt-|and T-joints without full penetration and fillet'welds

It is recommmended that welds in steel with a minimum yield-strength above 280 MPa, in austgnitic
steel, in aluminium, in nickel and copper alloys, and in titanium be tested using one or more methqgds in
addition to yisual testing, in accordance with Table 2.

Techniques |other than those given in Table 2 and (Table 3 can be agreed for determining the aftual
degree of pgnetration and the dimensions of othefdiscontinuity types.

For partial penetration welds and fillet welds, the unfused root can prevent satisfactory volumletric
testing wheh using the methods given in Table 3. If special testing methods have not been agreed, the
quality of the weld shall be ensured by-control of the welding process.

10 Performance of testing

10.1 Determination of standard to be applied

See Annex A.

10.2 Condjtions for testing

Prior to the testing, the testing personnel shall have access to all information relevant to the test object,
including:

a) necessary preliminary information required by the standard for the individual testing methods;
b) testing plan, if required;
c) actions to be taken if non-conforming welds are detected;

d) responsibility for coordination of the testing of parts of subassemblies manufactured by
subcontractors;

e) time and place of testing.

6 © IS0 2016 - All rights reserved
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10.3 Time of testing

The testing should be carried out after completion of all required heat treatments. Welds in materials
sensitive to hydrogen cracking (e.g. high-strength steels) or other time-delayed cracking shall not be
tested until the minimum time required after welding is achieved or as defined in a specification.

If defined in a specification, special conditions may call for testing prior to final heat treatment or lapse
of a certain time.

If a surface testing method is to be carried out, it shall be performed prior to any testing for internal
discontinuities.

If acgessible, welded joints should typically be tested and evaluated by visual testingcn| accordance
with| ISO 17637 or with another appropriate surface testing method, before testing [ffor internal
discqntinuities.

10.4 Non-acceptable indications

If nopn-acceptable indications are detected, the criteria shall be given ifi the application standard or
defirled in a specification.

If noh-acceptable discontinuities are repaired, the weld shall normally be retested at least|as required
for the original weld.

© IS0 2016 - All rights reserved 7
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Annex A
(normative)

Rules and standards to be applied

A.1 General

This annex gives the correlation between the quality levels of ISO 5817 or ISO 10042 and the_ te

sting
techniques, testing levels and acceptance levels of NDT standards.

It shall be n¢pted that the correlations are not quantitative links.

A.2 Visual testing (VT)
See Table A.[l.

Table A.1 — Visual testing (VT)

Ql!a ity levels in accordance '_l‘esting techniqqes and levels Acceptance levelsa
with ISO 5817 or ISO 10042 | in accordance with ISO 17637
B Quality level not defined B
C Quality level not défined C
D Quality level not defined D
a  The acceptance levels for visual testing are equal‘to the quality levels of ISO 5817 or ISO 10042.

A.3 Penetrant testing (PT)
See Table A.P.

Table A.2 — Penetrant testing (PT)

. . Testing techniques and levels .
Quality levels in accordance in accordance with Acceptance levels in
with ISO 5817 ox1SO 10042 accordance with ISO 23277

1SO 3452-1
B Quality level not defined 2X
C Quality level not defined 2X
D Quality level not defined 3X

A.4 Magnetic particle testing (MT)
See Table A.3.

Table A.3 — Magnetic particle testing (MT)

Quality levels in accordance | Testing techniques and levels Acceptance levels in
with ISO 5817 in accordance with ISO 17638 | accordance with ISO 23278
B Quality level not defined 2X
C Quality level not defined 2X
D Quality level not defined 3X

© ISO 2016 - All rights reserved
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A.5 Eddy current testing (ET)

See Table A.4.

A.6

A.6.

ISO 17635:2016(E)

Table A.4 — Eddy current testing (ET)

Quality levels in accordance
with ISO 5817 or ISO 10042

Testing techniques and levels
in accordance with ISO 17643

Acceptance levels

B Quality level not defined
C Quality level not defined Agreed by specification
b Quatity tevetmotdefimed

See Table A.5.

A.6.2

(RT-

See T

Radiographic testing (RT)

I Radiographic testing using film(s)

Table A.5 — Radiographic testing using films (RT-F)

Quality levels in accordance Testing techniques and levels Acceptance levels in
with lgo 5817 or ISO 10042 in accordance with accordance with
IS0 17636-1 ISO 10675-1 or ISO 106[75-2
B B 1
C B4 2
D Avleast A 3

a

However, the minimum number of exposures for circumferential weld testing may correspond
requirements of ISO 17636-1:2013, class A.

to the

able A.6.

Testing with digital radiography (RT-D) or using storage phosphor imag;
CR) or digital detector arrays (DDA)

digital detector arrays (DDA)

ing plates

able A.6 — Digitalradiography (RT-D) using storage phosphor imaging plates (R[T-CR) or

Quality levels in accordance
with IS0 5817 or ISO 10042

Testing techniques and levels
in accordance with
ISO 17636-2b

Acceptance levels i
accordance with
ISO 10675-1 or ISO 106(75-2

B B 1
C Ba 2
D Atleast Aa 3

a

requirements of ISO 17636-2:2013
b

The minimum number of exposures for circumferential weld testing may correspond to the

,class A.

Image intensifiers or fluoroscopes may be used by agreement of contracting parties for radioscopic
testing (RT-S) with digital image acquisition (dynamic = 12 bit). Weld-specific requirements, e.g. minimum
number of exposures, exposure geometries and IQI requirements, shall conform to ISO 17636-2. Duplex
wire requirements may be chosen on basis of EN 13068-3 by agreement of contracting parties.

A.7 Ultrasonic testing of ferritic steels (UT)

A.7.1 Ultrasonic pulse-echo technique

See Table A.7.
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A.7.2 Tinm
See Table A.B.

A.7.3 Pha
See Table A.D.

10

Table A.7 — Ultrasonic pulse-echo technique (UT)

Quality levels in accordance

Testing techniques and levels
in accordance with

Acceptance levels in
accordance with

with ISO 5817 1SO 176402 1S0 11666
B Atleast B 2
C Atleast A 3
D Not defined Not requiredb

a2 When characterization of indications is required, ISO 23279 shall apply.

b UT is not recommended but can be defined in a specification (with the same requirements as quality

level €7

e-of-flight diffraction technique (TOFD)

Table A.8 — Ultrasonic time-of-flight diffraction technique (TOFD)

Quality levels in accordance Testing techniques and levels Acceptance levels in
ywith 1SO 5817 in accordance with accordance with
1SO 10863 I1SO 15626
B C 1
C Atleast B 2
D Atleast A 3

sed array ultrasonic technique (PAUT)

Table A.9 — Phased array ultrasonic technique (PAUT)

Quality levels in accordance Testing techniques and levels Acceptance levels in
ywith 1SO 5817 in accordance with accordance with
1SO 13588 1SO 19285
B B 2
C A 3
D A 3
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