INTERNATIONAL ISO
STANDARD 10863

Second edition
2020-05

Non-destructive testing ofwelds —
Ultrasonic testing — Use of time-of-
flight diffraction technique (TOFD)

Essais non destructifs des assemblages soudés — Contréle par ultrasons
— Utilisation de la techniquede diffraction des temps de vql (TOFD)

Reference number
1SO 10863:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

ISO 10863:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

IS0 10863:2020(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms and AefiETIOMIS ... ss st 2
4 General remarks on the capabilities of the technique..................en 2
5 Testing levels
6 Information required prior t0 teSTING. ...y )]

6.1 [tems to be defined by SPecifiCation ... e e

6.2 Specific information required by the operator before testing

6.3 Written test inStruction 01 ProCedUIE ... Y e

10

11
12

Requirements for test personnel and test equipment
7.1 Personnel qualifications

7.2 Test eqUIPMENTt ...

7.2.1  Ultrasonic instrument......................

7.2.2  UIFaSONiC PrODES ...t St

7.2.3  Scanning MechaniSmS ... oo
Preparation for teSTIME. ... ... A B
8.1 Volume to be tested.
8.2 Setup of probes................
8.3 Scan iNCrement SEtHNE ... B oo
8.4 Geometry CONSIAETATIONS ...oooccerreecad e
8.5 Preparation of scanning surfaces
8.6 TOIMIPETATUTE ... T it
8.7 COUPIANT e
8.8  Provision of datum POintS o s
Testing of base material. ... e | 8
Range and sensSitivity SETEINEZS ...
10.1  Settings

02500 ) 1= v OO

10.1.2  TIE WINAOW .ottt

10.1.3 ¢ Time-to-depth conversion

10.14 ) Sensitivity settings ...
10.2  Checking of the settings ...
10.3 ¢Reference blocKks.........ooissessissirssnn

10.3.1  General....e

0TRSOOSO

10.3.3 Dimensions and ShAPe. ...

TU.34 RETETEICE TEITECTOTS oo
WELA T@STIIIE ... 10
Interpretation and analysis Of TOFD IMAGES..............coiiseeseeee e 11
12.1 General

12.2  Assessing the quality of the TOFD IMAZE ...
12.3 Identification of relevant TOFD INdiCatiOnsS. ...
12.4 Classification of relevant TOFD indications

B 3 R 1<) 4 <Y = U

12.4.2 TOFD indications from surface-breaking discontinuities
12.4.3 TOFD indications from embedded discontinuities

12.4.4 Unclassified TOFD indications ...
12.5  Determination Of LOCATION .. ...
12.6  Definition and determination of length and height. ...

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

ISO 10863:2020(E)

12.6.1  General.....n
12.6.2 Determination of length
12.6.3 Determination of height
12.7  Evaluation against aCCePLANCE CIILETTA ... 17
13 T@ST TE@POTE........oo etk 17
Annex A (informative) Reference DIOCKS ... 19
Annex B (informative) EXamples 0f TOFD SCANS ... 24
BIDLEOGTAPIY ... 37

iv © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

IS0 10863:2020(E)

Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial 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 documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This| document was prepared by Technical €émmittee ISO/TC 44, Welding and alliefl processes,
Subcpmmittee SC 5, Testing and inspection ofwelds.

This|second edition cancels and replaces the first edition (ISO 10863:2011), which has been technically
reviged.

The main changes compared to the.previous edition are as follows:

— the whole document has been updated to the state of the art; ISO 22232 series has been taken into
jccount;

— (lause 3 has beef-updated;

— Figure 1 to Figure 6 have been added;

— IFrigure Bxlvto Figure B.18 have been updated.

Any feedback or questions on this document should be directed to the user’s national standpards body. A

complete listing of these bodies can be found at www.iso.org/membershtml. |

Official interpretations of ISO/TC 44 documents, where they exist, are available from this page: https://
committee.iso.org/sites/tc44/home/interpretation.html.
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ISO 10863:2020(E)

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

1 Scope

This document specifies the application of the time-of-flight diffraction (TOFD) technique to the

semi
thick

Itap
the v
can g
to sc

Whe
steel
tranf
velog

This
limit
weld
testi

This
to an
This
base
TOF]

This

2

The
cons
undg

ISO §

ged joints. TOFD can be used as a stand-alone methdd or in combination with other non

Normative references

FoT Tutty autonmated Titrasoric testing of fusiormr-wetded joimts T metattic materiats
ness 6 mm.

blies to full penetration welded joints of simple geometry in plates, pipes, and vessels,

Iso be used on other types of materials that exhibit low ultrasonic attenuation (especi
htter).

Fe material-dependent ultrasonic parameters are specified in thiss7document, they a
5 having a sound velocity of (5 920 + 50) m/s for longitudinakwaves and (3 255 *
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document permits assessment of- TOFD indications for acceptance purposes. This as
 on the evaluation of transmittied, reflected and diffracted ultrasonic signals within
D image.

document does not include acceptance levels for discontinuities.

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 refetences, the latest edition of the referenced document (including any amendme

577, Non-destructive testing — Ultrasonic testing — Vocabulary

pf minimum

where both

eld and the parent material are low-alloyed carbon steel. Where specified and appropriate, TOFD

hlly that due

re based on
30) m/s for
h a different

hbilities and
es in fusion-
Ldestructive
ection.

‘responding
rided.

sessment is
a generated

heir content
applies. For
hts) applies.

ISO 9

712, Nom=destructive testing — Quatificationmand certification of NDT persomnmet
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ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and
assessment

IS0 22232-1Y, Non-destructive testing — Characterization and verification of ultrasonic test equipment —

Part

1: Instruments

1) Under preparation. (Preparation at the time of publication: ISO/FDIS 22232-1.)
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IS0 22232-22), Non-destructive testing — Characterization and verification of ultrasonic test equipment —
Part 2: Probes

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5577 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eledtropedia: available at http://www.electropedia.org/

31
time-of-flight diffraction image
TOFD image
two-dimensjional image, constructed by collecting adjacent A-scans while moving~the time-of-flight
diffraction sgtup (3.3)

Note 1 to entfy: The signal amplitude of the A-scans is typically represented by grey=scale values.

3.2
time-of-flight diffraction indication
TOFD indication

pattern or disturbance in the time-of-flight diffraction image (3.1) which can need further evaluati¢n

3.3
time-of-flight diffraction setup
TOFD setuy
probe arrangement defined by probe characteristics-(e.g. frequency, probe element size, beam angle,
wave mode)|and probe centre separation (3.6)

3.4
beam interfection point
point of intersection of the two main beam axes

3.5
lateral wave
longitudinal] wave traveling the’shortest path from transmitter probe to receiver probe

3.6
probe centre separation
PCS
distance befween the‘index points of the two probes

Note 1 to enfry: The PCS for two probes located on a curved surface is the straight-line, geometric separation
between the twe’probe index points and not the distance measured along the surface

3.7
offset scan
scan parallel to the weld axis, where the beam intersection point (3.4) is not on the centreline of the weld

4 General remarks on the capabilities of the technique

General principles of the TOFD technique are described in ISO 16828. For the testing of fusion-welded
joints, some specific capabilities and limitations of the technique shall be considered.

2) Under preparation. (Preparation at the time of publication: ISO/DIS 22232-2.)

2 © IS0 2020 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

IS0 10863:2020(E)

The TOFD technique is an ultrasonic image-generating technique, which offers the capability of
detection, location, and sizing. To a certain extent, characterization of discontinuities in the weld
material as well as in the adjacent parent material is also possible.

Compared with purely reflection-based techniques, the TOFD technique, which is based on diffraction
as well as reflection, is less sensitive to the orientation of the discontinuity. Discontinuities oriented
perpendicular to the surface, and at intermediate angles of tilt, are detectable as well as discontinuities
in the weld fusion faces.

In certain circumstances (e.g. thickness, weld preparation, scope of testing) more than one single TOFD
setup is required.

A typical TOFD image is linear in time (vertical axis) and probe movement (horizontal axis). Because of
the V-configuration of the ultrasound paths, the location of a possible discontinuity is\then non-linear.
TOFI testing shall be carried out in a correct and consistent way, such that valid images are generated
which can be evaluated correctly, e.g. coupling losses and data acquisition erroprs shall|be avoided,
see 112.2.

The [nterpretation of TOFD images requires skilled and experienced qperators. Some typical TOFD
images of discontinuities in fusion-welded joints are provided in AnnexB;

Therg is a reduced capability for the detection of discontinuities closeto or connected with the scanning
surfdce or with the opposite surface. This shall be considered-eSpecially for crack-sensit}ve steels or
at intservice inspections. In cases where full coverage of these zones is required, additionpl measures
shall|be taken, e.g. TOFD can be accompanied by other NDT\methods or techniques.

Diffrpcted signals from weld discontinuities can havezsmall amplitude responses. The grain scatter
effect from coarse-grained material can hinder the*detection and evaluation of such responses. This
shallfbe taken into account whenever testing such-imaterial.

5 Testing levels

This|document specifies four testinglevels (A, B, C and D, see Table 1). From testing level|A to testing
level|C an increasing reliability is achieved.

Table 1 — Testing levels

Reference block for | Reference block for

Tesfling level| TOFD.setup setup verification | sensitivity settings | Offset scan Written
testiprocedure
(see 8.2) (see 10.1.4)
A As‘in Table 2 No No No This document
B As in Table 2 No Yes No Thik document
C As in Table 2 Yes Yes a Yes
D As defined by Yes Yes a Yes

specification

a2 The necessity, number and position of offset scans shall be determined.

If the specified acceptance level requires detection of a certain discontinuity size at both surfaces or
one surface of the weld (see Clause 4), this can necessitate the use of techniques or methods outside the
scope of this document.

For manufacturing inspections (see also ISO 17635), all testing levels are applicable. Level A is only
applicable for wall thicknesses up to 50 mm. For in-service inspections, only testing level D shall be
applied.

© IS0 2020 - All rights reserved 3


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

ISO 10863:2020(E)

6 Information required prior to testing

6.1

Items to be defined by specification

Information on the following items is required:

a)
b)

h)

purpose and extent of TOFD testing (see Clause 5 and Clause 8);

testing levels (see Clause 5), e.g.:

1) whether a written test procedure is required,

2) whq
specific
manufa

require

pther reference blocks are required;

ation of reference blocks, if required (see 10.3);

Cturing or operation stage at which the testing is to be carried out;

ments for: temperature, access and surface conditions (see Clause 8);

reporting requirements (see Clause 13);

accepta

person

hce criteria;

el qualifications (see 7.1).

6.2 Specific information required by the operator before testing

Before any {
specified in

a)
b)
‘)
d)
€)
f)
g)

6.3

written
type(s)

joint pr
welding
time of
result o

discont

esting of a welded joint can begin, the operator shall have access to all the informati
6.1 together with the following additional information:

test instruction or procedure (see 6.3), ibrequired;

bf parent material and product formi-(i.e. cast, forged, rolled);
pparation and dimensions;

procedure or relevant information on the welding process;

festing relative to any post-weld heat treatment;

f any parent metahtesting carried out prior to and/or after welding;

nuity type.and morphology to be detected.

For testing

vels A and B, this document satisfies the need for a written test procedure.

Writltn testinstruction or procedure
]

pn as

For testing levels C and D, or where the techniques described in this document are not applicable to the
welded joint to be tested, a specific written test procedure shall be used.

When data collection is performed by personnel qualified to Level 1 according to ISO 9712, a written test
instruction shall be prepared. The written test instruction shall contain as a minimum the information
listed in Clause 13.

© IS0 2020 - All rights reserved
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7 Requirements for test personnel and test equipment

7.1

Personnel qualifications

In addition to a general knowledge of ultrasonic weld testing, all personnel shall be competent in
the TOFD technique. Documented evidence of their competence (level of training and experience) is
required.

Preparation of written test instructions, final off-line analysis of data, and acceptance of the report shall
be performed by personnel qualified as a minimum to Level 2 in accordance with ISO 9712 or equivalent
in ultrasonic testing in the relevant industrial sector. In accordance with a written instruction and

und¢
and 1
with

For d

In c3
shall

7.2

7.2.%

The
ISO 3

The
sync

In ad

a)

q

r the supervision of Level 2 or Level 3 personnel, equipment setup, data acquisition;\data storage,
eport preparation can be performed by personnel qualified to a minimum of Level Lin accordance
[SO 9712 or equivalent in ultrasonic testing in the relevant industrial sector.

ata acquisition, the Level 1 personnel may be supported by an assistant technician.

ses where the above minimum qualifications are not considered adequate, job-spedific training
be carried out.

Test equipment

Ultrasonic instrument

ultrasonic instrument used for the TOFD technique shall comply with the requlirements of
2232-1, where applicable.

TOFD software shall not mask any problems such as loss of coupling, missing| scan lines,
hronization errors or electronic noise.

dition, the requirements of ISO 16828 shall apply, taking into account the following:

he instrument shall be able to s€lect an appropriate portion of the time base within which A-scans
ire digitized;

b) ]‘Lt is recommended that a sampling rate of the A-scan of at least 6 times the nominal prohe frequency

7.2.2
Prob
Adar

A red

e used.

Ultrasonic probes
es used for the-TOFD technique on welds shall comply with ISO 22232-2 and ISO 16828.
tation of'probes to curved scanning surfaces shall comply with ISO 17640.

ommendation for the selection of probes is given in Table 2.

7.2.3 Scanning mechanisms

The

requirements of ISO 16828 shall apply. To achieve consistency of the images (collected data),

guiding mechanisms may be used.

8 Preparation for testing

8.1

Testi

Volume to be tested

ng shall be performed in accordance with ISO 16828. The purpose of the testing shall be defined by

specification. Based on this, the volume to be tested shall be determined.
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The volume to be tested is located between the probes. For testing levels A and B, the probes shall be
placed symmetrically about the weld centreline. For testing levels C and D, additional offset scans may
be required.

For manufacturing inspection, the volume to be tested is defined as the zone which includes weld
and parent material for at least 10 mm on each side of the weld or the width of the heat-affected zone,
whichever is greater. In all cases, the whole volume to be tested shall be covered.

Normally these tests are performed in accordance with recognized standards applying acceptance
levels for quality assurance. If fitness-for-purpose methods are applied, then corresponding acceptance

criteria shal

1 be specified.

For in-servi
inner third
the area of i

8.2 Setup

The probes
and detectid
narrow wel
(scans) dep;q
different ba
In this case
Selection of]
be taken to

to35mma

for a thickng

For testing I

For testing
reference b

If setup pal
reference bl

For in-servi
specified vo

Ce inspections, the volume to be tested may be targeted to specific areas of interest,(é:
bf the weld body. The acceptance criteria and minimum discontinuity size to be detect]
hterest shall be specified.

) of probes

shall be set up to ensure adequate coverage and optimum conditions for the initi
n of diffracted signals in the area of interest. For butt welds of simple geometry and
d crowns at the opposite surface, the testing shall be perfornied in one or more sq
endent on the wall thickness (see Table 2). For other configurations, e.g. X-shaped w
e metal thickness at either side of the weld, or tapering,Ffable 2 may be used as guid

the effectiveness and coverage of the setup shall be.verified by using reference bl
probes for full coverage of the complete weld thickness should follow Table 2. Care s}
‘hoose appropriate combinations of parameters. For,example, in the thickness range 1]
‘requency of 10 MHz, a beam angle of 70° and a transducer size of 3 mm can be approp
ss of 16 mm, but not for 32 mm thickness.

bvels A and B, it is recommended that the TOED setup be verified by the use of reference bl

levels C and D, all the setups chosen for the test object shall be verified by u
ocks.

pbcks.

ce inspection the intersection point of the beam centrelines should be optimized fo
lume to be tested.

v, the
ed in

htion
with
rtups
elds,
Ance.
pcks.
jould

mm
riate

ocks.

5e of

‘ameters are not in accordance with Table 2, the capability shall be verified by fising

Ir the
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Table 2 — Recommended TOFD setups for simple butt welds dependent on wall thickness

. Centre Bean.l an_gle
Thickness Number of Depth range frequency (longitudinal Tran:<:ducer
waves) size Beam
¢ TOFD setups At f « intersection
mm mm MHz ° mm
6to 10 1 Otot 15 70 2to3 2/3 of t
>10 to 15 1 Otot 15to 10 70 2tos 2/3 of t
>15 to 35 1 Otot 10to 5 70 to 60 2to6 2/3of t
>35 to 50 1 Otot 5to3 70 to 60 3to6 2/3 of t
Otot/2 5to3 70 to 60 3 66 2/6 of t
>5( to 100 2
t/2tot 5to3 60 to 45 6t012 5/6 of t
Otot/3 5to3 70 to 60 3to6 2/9 of t
>100 to 200 3 t/3 to 2t/3 5to3 60 to 45 6to 12 5/9 of t
2t/3tot 5to2 60 to 45 6to 20 8/9 of t
Otot/4 5to3 706060 3to6 2/12 of t
t/4tot/2 5to3 60 to 45 6to12 5/12 of t
>200 to 300 4 t/2 to 3t/4 5to2 60 to 45 6t0 20 8/12 of t
3t/dtot 3to1 50 to 40 10020 | Mf12ofbort
8.3 | Scan increment setting

The gcan increment setting shall be dependent on the wall thickness to be tested. For thickpesses up to
10 mjm, the scan increment shall be no inoere than 0,5 mm. For thicknesses between 10 mm gnd 150 mm,
the scan increment shall be no more\than 1 mm. Above 150 mm, the scan increment shall be no more

than|2 mm.

8.4

Geometry considerations

Care[should be taken when testing welds of complex geometry, e.g. welds joining materials of unequal
thiclness, materials.that are joined at an angle, or nozzles. As TOFD is based on the measurement of
time|intervals of/sound waves taking the shortest path between the point of emission apd the point
of regeption vid points of reflection or diffraction, some areas of interest can be obscured. Additional
scan$ can overcome this problem in many cases.

Planning, testing of complex geometries requires in-depth knowledge of sound

ropagation,

repr¢sentative reference blocks and sophisticated software and is beyond the scope of this|document.

8.5 Preparation of scanning surfaces

Scanning surfaces shall be wide enough to permit full coverage of the volume to be tested.

Scanning surfaces shall be even and free from foreign matter likely to interfere with probe coupling
(e.g. rust, loose scale, weld spatter, notches, grooves). Waviness of the test surface shall not result in
a gap between one of the probes and test surface greater than 0,5 mm. These requirements shall be
ensured by dressing, if necessary.

Scanning surfaces may be assumed to be satisfactory if the surface roughness, Ra, is not greater than
6,3 um for machined surfaces, or not greater than 12,5 pm for shotblasted surfaces.

© IS0 2020 - All rights reserved
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8.6 Temperature

When using conventional probes and couplants, the surface temperature of the test object shall be in

the range 0

°Cto 50 °C.

For temperatures outside this range, the suitability of the equipment shall be verified.

8.7 Coup

lant

In order to generate proper images, a couplant shall be used which provides a constant transmission of
ultrasound between the probes and the test object.

The couplaILt used for calibration shall be the same as that used in subsequent testing and

calibrations

8.8 Provi

In order to 4

9 Testin

The base mj
beam probd
discontinuif]
interpretati

10 Range

sion of datum points

nsure repeatability of the testing, a permanent reference system shall be applied.

g of base material

iterial does not generally require prior testing for laminations (typically by using str4
s), as they are detected during the TOFD weld testing. Nevertheless, the presen
ies in the base material adjacent to the weld can lead. to'obscured areas or to difficult
bn of the data.

and sensitivity settings

10.1 Settings

10.1.1 Genleral

Setting of r§
prior to eac]
setting.

inge and sensitivity in accerdance with this document and ISO 16828 shall be carrie
1 testing. Any change of/the’TOFD setup, e.g. probe centre separation (PCS), requires 3

Noise should be minimized, g;2.by signal averaging.

10.1.2 Tim

The time wi

a) for full-

prior to

e window
ndow shall at least cover the depth range as shown in Table 2:

Fhickness testing using only one setup, the time window recorded should start at least

post-

ight-
re of
esin

d out
new

1 ps

rted

TITC—CITIIC TTOOTCCTXTCTT

back-wall signal, where possible;

b)

The start and extent of the time windows shall be verified on the test object.

10.1.3 Time-to-depth conversion

if more than one setup is used, the time windows shall overlap by at least 10 % of the depth range.

For a given PCS, setting of time-to-depth conversion is best carried out using the lateral wave signal and

the back-wa

1l signal with the known material velocity.

This setting shall be verified (for all testing levels) by a suitable block of known thickness (accuracy
0,05 mm). At least one depth measurement shall be performed in the depth range of interest, typically
by recording a minimum of 20 A-scans.

8
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The measured thickness or depth shall be within 0,2 mm of the actual or known thickness or depth. For
curved components geometrical corrections can be necessary.

10.1.4 Sensitivity settings

For all testing levels, the sensitivity shall be set on the test object. The amplitude of the lateral wave
shall be between 40 % and 80 % of full screen height (FSH). In cases where the use of the lateral wave
is not appropriate (e.g. because of surface conditions, use of steep beam angles), the sensitivity shall be
set such that the amplitude of the back-wall signal is between 18 dB and 30 dB above FSH. When the
use of neither a lateral wave nor a back-wall signal is appropriate, sensitivity should be set such that the
material grain noise is between 5 % and 10 % of FSH.

For t
suffi
discd

10.2
Chec

com
cha
sam

trang

Whe
chec

If de
chec

e

esting levels B, C, and D, it shall be verified by the use of the test block(s) that the-5
Cient to detect real discontinuities in the respective depth zone or, if not availabl
ntinuities (e.g. notches, side-drilled holes), see 10.3.

Checking of the settings

ks to confirm the range and sensitivity settings shall be perforined at least every
etion of the testing. Checks shall also be carried out wheneverta System parameter is
es in the equivalent settings are suspected. If a reference block’was used for the initi

d reference block should be used for subsequent checks. Alternatively, a smaller block

Fe areference block was not used, butinstead the testobject was used for checking, then
ks shall be carried out at the same location as the,iftitial check.

viations from the initial settings, in accordance with 10.1.3 and 10.1.4, are found d
ks, the corrections given in Table 3 shall be carried out.

Table 3 — Sensitivity and range corrections

ensitivity is
b, machined

4 h and on
changed or

al setup, the
with known
fer properties may be used, provided that this is cross-referenced to the initial reference block.

subsequent

uring these

Sensitivity

Deviations <6 dB No action required; data may be corrected by

 software

Settings shall be corrected and all tests carrig

Deviations >GdJ3 the last valid check shall be repeate

d

d out since

Range

Peviations <0,5 mm.or 2 % of depth range,

; : No action required
whichiever is greater q

| Settings shall be corrected and all tests carrig

the last valid check shall be repeate

eviations >0,5.mm or 2 % of depth range,
whichever is greater

d

d out since

10.3

Reference blocks

10.3.1 General

Depending on the testing level, a reference block shall be used to determine the adequacy of the testing
(e.g. coverage, sensitivity setting). Recommendations for reference blocks are given in Annex A.

10.3.2 Material

The reference block should be made of similar material to the test object (e.g. with regard to sound
velocity, grain structure and surface condition).
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10.3.3 Dimensions and shape

The thickness of the reference block should be representative of the thickness of the test object.
Therefore, the thickness should be limited to a minimum and a maximum value related to the thickness
of the test object.

Thickness of reference blocks is recommended to be between 0,8 times and 1,5 times the thickness
of the test object with a maximum difference in thickness of 20 mm compared to the test object. Care
should be taken that on the centreline between the probes there is no angle smaller than 40° at the
bottom of the reference block (see Figure A.1). The minimum thickness of the reference block should be
chosen such that the beam intersection point of the chosen setup is always within the reference block

(see Figure
The length

within the drea of interest can be captured within the appropriate scan range.

For testing ¢
diameters f
>300 mm, a

10.3.4 Refq

For thickne
>25 mm, at
and notches

11 Weld testing

The two prq
weld centre

Data collect
indications
scans perpe

Scanning sp
speed is dej
frequency, 4
has been ug
missed, but

If a weld is
required. W
scan with th

fahY
.4 ).

hnd width of the reference block should be chosen so that all the artificial discontinuities

flongitudinal welds in cylindrical test objects, curved reference blocks shall,be used h3
fom 0,9 times to 1,5 times the diameter of the test object. For objects.having a dian
flat reference block may be used.

prence reflectors

kses between 6 mm and 25 mm, at least three reflectorsyare required. For thickn
least five reflectors are required. Typical reference refléctors used are side-drilled
Different shapes of notches may be used provided they'generate diffracted signals.

bes are scanned parallel to the weld at a fiXed distance and orientation in relation t
ine.

bd during a scan can be used for detection and sizing purposes. Further evaluation of ]
hs detected during the initial scanhing may require additional scans such as offset s
ndicular to the discontinuity,or complementary TOFD setups.

eed shall be chosen such\that satisfactory images are generated (see 12.2). The scar
pbendent on scan increment, signal averaging, pulse repetition frequency, data acquig
nd the volume to hetested. Missing scan lines can indicate that too high a scanning g
ed. A maximumr-of5 % of the total number of lines collected in one single scan m3
no adjacent lin€s shall be missed.

canned in more than one part, an overlap of at least 20 mm between the adjacent scg
hen scanning circumferential welds, the same overlap is required for the end of the
e stattof the first scan.

Reduction o

[f Signal amplitude of lateral wave, back-wall signal, grain noise, or mode-converted si

ving
heter

bsses
holes

b the

'OFD
cans,

Ining
ition
peed
ly be

nsis
 last

bnals

during a scan by more than 12 dB can indicate loss of coupling (see Figures B.7 and B.8). If coupling loss
is suspected, the area shall be re-scanned. If the results are still not satisfactory, appropriate action
shall be taken.

Saturation of the lateral wave or excessive grain noise (>20 % of FSH) during scanning requires
corrective action and re-scanning.
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12 Interpretation and analysis of TOFD images

12.1 General

Interpretation and analysis of TOFD images are generally performed by:

a)
b)

c)

d)

12.2 Assessing the quality of the TOFD image

A TQFD test shall be carried out such that satisfactory images are generated which can |
with|confidence. Satisfactory images are defined by approptiate:

a)

)
d)

Assepsing the quality of TOFD images.requires skilled and experienced operators (see 7.1). 1
shallldecide whether unsatisfactory images require new data acquisition (re-scanning).

Examples of satisfactory and-unsatisfactory TOFD images are given in B.1.

12.3 Identification ofrelevant TOFD indications

Satisffactory TOFD.images shall be assessed for the presence of TOFD indications. TOFD ind
identified by pattérns or disturbances within the image.

TOFD is able-to'image discontinuities in the weld as well as geometric features of the test obj

assessing the quality of the TOFD image;
identification of relevant TOFD indications and discrimination of non-relevant TOFD in

classification of relevant TOFD indications in terms of:

1) embedded (linear, point-like),
2) surface breaking;

determination of location (typically position in x-direction and z-direction)-and size
through-wall extent);

¢valuation against acceptance criteria.

qoupling, see 8.7 and Clause 11;
data acquisition, see Clause 11;

gensitivity setting, see 10.1.4;

ime-base setting, see 10.1.2.

dications;

(length and

e evaluated

he operator

ications are

to identifyTOFD indications of geometric features, detailed knowledge of the test object i
ThoseFOFD indications arising from the intended or actual shape of the test object are cd

non-retevart; EXHIIIplES of BEONTELTIC FOFDmdicationsare BIVEIT IIT B-3:

To decide whether a TOFD indication is relevant (caused by a discontinuity), patterns or disturbances
shall be evaluated considering shape and signal amplitude relative to general noise level. To determine
the extent of a TOFD indication, it can be necessary to take into account the grey level values or patterns
of neighbouring sections.

12.4 Classification of relevant TOFD indications

12.4.1 General

ect. In order
S necessary.
nsidered as

Amplitude, phase, location and pattern of relevant TOFD indications can contain information on the
type of a discontinuity.

© IS0 2020 - All rights reserved
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Relevant TOFD indications are classified as indications from either surface-breaking or embedded

discontinuit
a)
b)
c)
d)

ies by analysing the following features:

disturbance of the lateral wave;
disturbance of the back-wall reflection;
TOFD indications between lateral wave and back-wall reflection;

phase of TOFD indications between lateral wave and back-wall reflection;

e) mode-converted signals after the first back-wall reflection.

Some typicd

12.4.2 TOHK

12.4.2.1 Gg

Surface-bre

12.4.2.2 Sq

This type sh
discontinuit
from the loy
mode-conve

be observed.

12.4.2.3 0

This type sh
discontinuit

12.4.2.4 Through-wall discontinuity

This type s
accompanie

12.4.3 TOHK

12.4.3.1 Gg¢

TOFD indicd

| TOFD images of discontinuities in fusion-welded joints are provided in B.2.
D indications from surface-breaking discontinuities

tneral

hking discontinuities can be classified into three categories (see 12:4:2.2 to 12.4.2.4).

anning surface discontinuity

ows up as an elongated pattern generated by the signal €mitted from the lower edge ¢
y and a weakening or loss of the lateral wave (not always observed). The TOFD indic
ver edge can be hidden by the lateral wave, but genérally a pattern can be observed i
rted part of the image. For small discontinuities,ofily a small delay of the lateral wav

bposite surface discontinuity

ows up as an elongated pattern generated by the signal emitted from the upper edge ¢
y and a weakening, loss, or delay-of'the back-wall reflection (not always observed).

hows up as a loss or weakening of both the lateral wave and the back-wall refle
d by diffracted signals from both ends of the discontinuity.

D indicationsfrom embedded discontinuities

tneral

tions\of embedded discontinuities usually do not disturb the lateral wave or the back

f the
htion
h the
P can

f the

ction

twall

reflection.

Embedded discontinuities can be classified into three categories (see 12.4.3.2 to 12.4.3.4).

12.4.3.2 Point-like discontinuity

This type shows up as a single hyperbola-shaped curve which can lie at any depth.

12.4.3.3 El

ongated discontinuity with no measurable height

This type appears as an elongated pattern corresponding to an apparent upper edge signal.

12

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

IS0 10863:2020(E)

12.4.3.4 Elongated discontinuity with a measurable height

This type appears as two elongated patterns located at different positions in depth, corresponding to
the lower and upper edges of the discontinuity. The TOFD indication of the lower edge is usually in
phase with the lateral wave. The TOFD indication of the upper edge is usually in phase with the back-
wall reflection.

12.4.4 Unclassified TOFD indications

TOFD indications that cannot be classified in accordance with 12.4.2 and 12.4.3 can require further
testing and analysis.

12.5 Determination of location

The Jocation of a discontinuity in the x-direction and z-direction as defined in ISO'16828 is{determined
from| the data collected in accordance with Clause 11.

The Jocation of a point-like discontinuity is sufficiently described by its x-coordinate and zrcoordinate.
The location of elongated discontinuities shall be described by the x-cpordinates and z-coprdinates of
thein extremities.

If th¢ location in the y-direction as defined in ISO 16828 is required, additional scans are n¢cessary.

If a more accurate determination of the location is required, teconstruction algorithms, e|g. synthetic
aperture focusing calculations (SAFT), may be used.

12.4 Definition and determination of length and height

12.6}1 General

The §ize of a discontinuity is described by/the length and height of its indication.
Length is defined by the difference of the x-coordinates of the indication.

The height is defined as the maximum difference of the z-coordinates at any given x-positiopn.

See Higures 1, 2 and 3.

Z1
/] =
Z7

2
Key
1  scanning surface z start depth of discontinuity
2 opposite surface z end depth of discontinuity
x; startposition of discontinuity h=2z,-z; height
x, end position of discontinuity I=x,-x; length

Figure 1 — Length and height definition of a scanning surface-breaking discontinuity
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1

7

Z1
<
Z2
f /
2 X X7
Key
1 scanning surface z; start depth of discontinuity
2 opposite|surface z end depth of discontinuity
x; startpodition of discontinuity h =2z, -z, height
x, end posifion of discontinuity I=x,-x; length
Figure 2 — Length and height definition of an opposite surface-breaking discontinuity
1
%X d ~ 4
) =
0
/ /
2 X X2
Key
1  scanning surface zq start depth of discontinuity
2 opposite|surface z, end depth of discontinuity
Xy startpodition of discontinuity h height (not necessarily equal to z, - z;)
X, end posifion of discontinuity I=x, - x; length
Figure:3 — Length and height definition of an embedded discontinuity
12.6.2 Determination of Iength

12.6.2.1 General

Depending on the type of indication, one of the techniques for length sizing according to 12.6.2.2 or
12.6.2.3 shall be applied.

12.6.2.2 Length sizing of embedded indications

A hyperbolic cursor is fitted to the indication. Assuming the discontinuity is elongated and has a finite
length, this is only possible at each end. The distance moved between acceptable fits at each end of the
indication is taken to represent the length of the discontinuity (see Figure 4).
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‘W OV TE—

1  length of indication

12.6

This type of indication does cha@q’signiﬁcantly in the through-wall direction.

indig

2.3 Length sizing of elongate%&%red surface-breaking indications

A hyjperbolic cursor is posigﬁd at either end of the indication at a time delay of one
ation penetration. T istance moved between the cursor positions at each end of tH
is taken to represent t

2
Q_Q

®®

o
Figure 4 — Length sn(z)r& by fitting hyperbolic cursors

<

gth of the discontinuity (see Figure 5).
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1 length of indication \‘S\

Figure 5 — Length sizing of an e.b%gated curved indication

xO
N
12.6.3 Determination of height C}\O
12.6.3.1 General @ ’

The height determination shall be @)he from the A-scan and by choosing a consistent position oh the

signals, if applicable, taking ph @éversal into account. It is recommended to use one of the following
methods (a§ shown in Figur%%%

— method|1: by measuQ'_@the transit time between the leading edges of the signals;
— method|2: by @Y;ing the transit time between the first peaks;

— method|3: easuring the transit time between the maximum amplitudes;

— method A.ay mnacnring the transit time between the first zero r‘rnccingc ofthe cignn]c
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5\ 5
1 2 3 L
Key
1 ethod 1
2 ethod 2
3 ethod 3
4 ethod 4
5 ositions for measuring the transit time
Figure 6 — Positions of the cursor for time measurements — Methods 1, 2, 3 and 4
12.6{3.2 Surface-breaking discontinuities

The height of an indication of a surface-breaking discontinuity at the scanning surface is de

then

For a
diffe

12.6

The
betw
(see]

12.7

Aftel
size,
indid

naximum difference between the lateral wave and the lower-tip diffraction signal (see

surface-breaking discontinuity at the epposite surface, the height is determined by tH
Fence between the upper-tip diffraction signal and the back-wall reflection (see Figurd

3.3 Embedded discontinuities

height of an indication ef\an embedded discontinuity is determined by the maximur
een the upper-tip diffraction signal and the lower-tip diffraction signal at the sam

Figure 3).

Evaluation,against acceptance criteria

they shall be evaluated against specified acceptance criteria. Based on this evaluati
atiens can be categorized as “acceptable” or “not acceptable”.

termined by
Figure 1).

e maximum
2).

n difference
e x-position

classification of all relevant TOFD indications and after determination of their (l)location and

n, the TOFD

13 Test report

The test report shall include at least the following information:

a) areference to this document (i.e. [ISO 10863);

b) i

nformation relating to the object under test:

1) identification of the object under test;

2) dimensions including wall thickness;

3) material type and product form;

© ISO

2020 - All rights reserved
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d)

18

4)
5)
6)
7)
8)

geo

metrical configuration;

location of tested welded joint(s);

reference to welding process and heat treatment;

surface condition and temperature, if outside the range 0 °C to 50 °C;

stage of manufacture;

information relating to the test equipment:

ma : ; ; i i with
ideItification numbers if required;

1y

2)

3)
4)

maj

idemtification numbers if required;

det

typ

e of couplant used;

informdtion relating to the test technique:

hils of the reference block(s) with identification numbers if required;

wufacturer, type, frequency, transducer size and beam angle(s) of the probes [with

1) testing level and reference to a written test instruction or prdeedure, if required;

2) purpose and extent of test;

3) details of datum and co-ordinate systems;

4) details of TOFD setups;

5) method and values used for range and sensijtivity settings;

6) details of signal averaging and scan incrément setting;

7) detjils of offset scans, if required;

8) access limitations and deviatjonis from this document, if any;

informgtion relating to the test results:

1) acceptance criteria applied;

2) TOKD images of/atleast those locations where relevant not-acceptable TOFD indications|have
been detected;

3) tabplated.data recording the classification, location and size of relevant TOFD indication$ and
restlts‘ef'the evaluation;

4) date of test;

5) names, signatures and qualification of personnel.
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Reference blocks

A.1 Thickness requirements

A.1.1 General

Compliance with 10.3.3, A.1.2 and A.1.3 is recommended for the thickness of referénce blodks.

A.1.2 Maximum thickness

The thickness of the reference block should be chosen such that the angle-at the bottom of the reference
block (as shown in Figure A.1) is not smaller than 40°, in order to avaoid‘having a zone wherg there is no
diffraction at the bottom of the block.

If Z i§ the depth position of the beam intersection point, 25 is the probe centre separation (FCS) and « is
the Heam angle of the chosen setup then, in accordance with Figure A.1, this maximum thigkness, ¢

can Qe calculated by Formula (A.1):

max’

§=Ztano

o tano
} = Ztano=t__ tan40° = to :Z(tan40°] (A1)

A =t ., tan 40°

S

fmax

Key

maximum thickness of reference block

half PCS

tmax
Z  depth position of the beam intersection point
S
a  beam angle

Figure A.1 — Maximum thickness restriction

A.1.3 Minimum thickness

The minimum thickness, £, of the reference block should be chosen such that the depth position, Z, of
the beam intersection point of the chosen setup is always within the reference block (see Figure A.2).

This means ¢;, = Z.
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minimum thickness of the reference block

sition of the beam intersection point

A.2 Refel

For thickne
(see Figures

one not

one sid
of 30 m

one sid
length d

(see Fig]

For a thickn|
The reflectd

Figure A.2 — Minimum thickness restriction

rence reflectors

5ses between 6 mm and 25 mm, at least three reference reflectors are recomme
A.4 and A.5). The reflectors may be machined in one or more blocks)as follows:
I

ch at the bottom of the block with length, [, and height, h , (see‘Table A.1);

b-drilled hole located at 4 mm below the surface, withva’diameter of 2 mm and a lg
m;

p-drilled hole located at t/2 below the surface, with a diameter D, (see Table A.2) g
f45 mm. Alternatively, a notch at the scanning-stirface with a depth of t/2, a tip angle ¢
ure A.3), a width d,, (Table A.2) and a minimuw length of 40 mm may be used.

Figure A.3 — Detail of notch tip

ess>25 mm, at least five reference reflectors are recommended (see Figures A.4 and

nded

ngth

nd a
fe0°

A.5).

rsmay be machined in one or more blocks as follows:

one notch at the bottom of the block with length

l

)y Iny

and height, h, (see Table A.1);

length of 30 mm;

one side-drilled hole located at 4 mm below the surface, with a diameter of 2 mm and a minimum

three side-drilled holes located at t/4, t/2 and 3t/4 below the surface, with a diameter D,

(see Table A.2) and a length I (see Table A.3). Alternatively, three notches at the scanning-surface
with depths of t/4, t/2 and 3t/4, a tip angle of 60° (see Figures A.3 and A.4), awidth d,, (see Table A.2)

and am

20

inimum length of 40 mm may be used.
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The tolerances for all the dimensions are:

— diameter: 0,2 mm;
— length: +2 mm;

— angle: *2°.

Table A.1 — Length and height of the notch in the bottom of the reference block

Thickness Notch length Notch height
t L, h,
mm mm mm
6<t<40 t 1+0,2
40<t<60 40+ 2 2+0,2
60 <t<100 50+2 2102
t>100 60 + 2 3.£0,2

Table A.2 — Diameter of the side-drilled holes and'width of the surface notches

Thickness Side-drilled hole Surface notch
diameter width

t Dd dsn

mm mm mm
6<t<25 2,54 0,2 2,5+0,2
25<t<50 3,0+£0,2 3,0+£0,2
50<t<100 4,5+0,2 4,5+0,2
t>100 6,0+0,2 6,0+0,2

Taple A.3 — Length of the side-drilled holes and the surface notches for thickness ¢ > 25 mm

Minimum length, mm
epth Three holes inithe | Three separate parts/ | Three notches in the | Three sepqrate parts/
same part one hole per part same part one notch per part
t/t Iy = A5 45 40 40
t/R Iy +15 45 40 40
3tf4 1, +30 45 40 40

A.3 | Typical reference blocks

Some examples of reference blocks used for TOFD applications containing typical reference reflectors as
specified in A.2 are given in Figure A.4 (with notches) and Figure A.5 (with side-drilled holes and a notch).
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Dimensions in millimetres

=
NN =
’ v X2 :
=
Y
b
L/2
b/
o~
~< ~
T 3
th
< A <
K
a i —>-<ﬂ _"
i ~
3 | —H d 3
<] > <
Y A
g Eti : % N
2z ni
@2
Key
d, block widlth
I,  blocklength
t  block thickness
d, notch width
I, notch length
h, notch hetght
a

22

See Figure A.3.

Figure A.4 — Reference block containing notches
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/b

/2
3tk

ln

pun |

t  Block thickness

Dy diameter of side-drilled hole
length of side-drilled hole
Bottom notch length

notch height

Figure A.5 — Reference block containing side-drilled holes and a notch

© IS0 2020 - All rights reserved

IS0 10863:2020(E)

Dimensions in millimetres

23


https://standardsiso.com/api/?name=49333d45dc087d1a93188c70680f1d71

ISO 10863:2020(E)
Annex B
(informative)

Examples of TOFD scans

B.1 Satisfactory and unsatisfactory TOFD images

Figure B.1 shows a satisfactory TOFD image, including: Q(l/Q
— anundipturbed lateral wave (amplitude between 40 % and 80 % of FSH); (bq/
— four TOFD indications of notches in different depths; QQ)

— straight back-wall reflection; O

— mode-cpnverted signals from notches and back wall. %

Key
1 lateral wave 3 back-wall reflection
2 indication(s) 4 mode-converted signal(s)

Figure B.1 — Satisfactory TOFD image

Figures B.2 to B.8 show unsatisfactory TOFD images.
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Key .
1 lpteral wave (b@(b
2 t[ack-wall reflection ,\Q
Ampljitude of lateral wave <<40 % FSH O
©
Figure B.2 — Gain setting too loqft)\
! W
- |
4 5 » “h* ‘ i h|||‘\.h

A WA T L

Key

1 lateral wave
2 back-wall reflection
Amplitude of lateral wave >>80 % FSH (saturated)

Figure B.3 — Gain setting too high
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\
\V.
Key Q
N
1 indication 3 md@converted signal
2 back-wall reflection \(\Q
Lateral wave |s not present in the time window. $\'
@
Figure B.4 — lnappropﬂ@e time window setting
Key
1 lateral wave 3  missing scan lines
2 back-wall reflection 4 mode-converted signal

Figure B.5 — Missing scan lines
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Key
1 lateral wave
2 back-wall reflection

mode-converted signal

R\
Figure B.6 — T\i@e-base triggering problems

IS0 10863:2020(E)
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Key
1 lateral wave 3 @e-converted signal
2 back-wall reflection $
NG
Figure B.7 — Loss of sign& due to lack of couplant
Key

1 lateral wave
2  back-wall reflection

Figure B.8 — Image influenced by variation of couplant layer thickness
(may be straightened by software)
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B.2 Typical TOFD images of discontinuities in fusion-welded joints

See Figures B.9 to B.14.

Key ; .
1  dcanning surface notch O

2 gpposite surface notch

-

slight disturbance of back-wall signal)
?\
N
s
)

Figure B9 — T indications of scanning surface notch (disturbance of lateral
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