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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.

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 such-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 Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

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

Any feedback, question or request for official interpretation related to any aspect of this document
should be directed to the Secretariat of ISO/TC 44/SC 5 via your national standards body| A complete
listirlg of these bodies can be found at www.iso.org/members.html. Official interpretations| where they
exist) are available from this pageshttps://committee.iso.org/sites/tc44/home/interpretatjon.html.
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Non-destructive testing of welds — Ultrasonic testing —
Use of automated phased array technology for thin-walled
steel components

1

Scope

This|document specifies the application of phased array technology for the semi- or fully
ultrasonic testing of fusion-welded joints in steel parts with thickness values between

8,0 mm. This meets the typical range of tube wall thickness values in boilers, whichis a
application of this testing technology. The minimum and maximum value of the.wall thic
can be exceeded, when testing level “D” of this document is applied. This do¢ument ap
penefration welded joints of simple geometry in plates, tubes, pipes, and vessels, where b
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arent material are low-alloy and/or fine grained steel.

“Semi-automated testing” encompasses a controlled movement 6f one or more probes on
ponent along a fixture (guidance strip, ruler, etc.), whereby the probeposition is unambiguou
h position sensor. The probe is moved manually. “Fully automatedtesting” includes mechanizg
lition.

Fe material-dependent ultrasonic parameters are specified in this document, they a
5 having a sound velocity of (5 920 + 50) m/s forlongitudinal waves, and (3 255 *
verse waves. It is necessary to take this fact into.account when testing materials wit

ity.

9

nology for the detection, location, sizirig“and characterization of discontinuities in fu
5. Ultrasonic phased array technolegy can be used as a stand-alone technique or in
other non-destructive testing (NDT) methods or techniques, during manufacturing ai
welds/repair welds (pre-service testing).

document specifies two tésting levels:

I

document describes assessment of discontinuities for acceptance purposes based on:

vel “C” for standard/situations;

vel “D” for different situations/special applications.

height anddength;

pymplitude (equivalent reflector size) and length;

q

/ automated
3,2 mm and
n important
kness range
plies to full
th the weld

the surface of
5ly measured
d propulsion

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

document provides guidance on the Specific capabilities and limitations of phased array

sion-welded
rombination
hd testing of

go/no-go decision.

document does not include acceptance levels for discontinuities.

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

ISO 5577, Non-destructive testing — Ultrasonic testing — Vocabulary

[SO 9712, Non-destructive testing — Qualification and certification of NDT personnel

© ISO 2018 - All rights reserved
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ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and
assessment

ISO 18563-1, Non-destructive testing — Characterization and verification of ultrasonic phased array
equipment — Part 1: Instruments

ISO 18563-2, Non-destructive testing — Characterization and verification of ultrasonic phased array
equipment — Part 2: Probes

ISO 18563-3, Non-destructive testing — Characterization and verification of ultrasonic phased array
equipment — Part 3: Combined systems

EN 16018, Mon-destructive testing — Terminology — Terms used in ultrasonic testing with phasedanrays

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5577 and(EN 16018 and the
following agply.

ISO and [EC|maintain terminological databases for use in standardization at thefollowing addressgs:
— ISO Online browsing platform: available at https://www.iso.or

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

31
phased array image
one- or two{dimensional display, constructed from the collected information of phased array operation

3.2
indication
phased array indication

pattern or disturbance in the phased array image)(3.1) which may need further evaluation

3.3
phased array set-up
probe arrangement defined by probé. characteristics (e.g. frequency, probe element size, beam gngle,
wave mode), probe position, and thesaumber of probes, adaptation to the curvature of the test objg¢ct

3.4
scan increment
distance beftween succeSsive data collection points in the direction of scanning (mechanically or
electronically)

3.5
skewed scan
scan perfo::Ined with a skewed beam angle

Note 1 to entry: The skewed beam angle can be achieved electronically or by changing the probe orientation.

4 Testing levels

Quality requirements for welded joints are mainly associated with the material, welding process and
service conditions. To accommodate all of these requirements, this document specifies two testing
levels “C” and “D”. A written procedure is mandatory for both testing levels C and D.

Testing level C applies to the standardized approach for thin-walled components (see Tables 1 and 2),
e.g. testing from two sides or testing from one side of the weld with the cap removed.

2 © ISO 2018 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=d616cb8be9cce08af1717356183f81f3

IS0 20601:2018(E)

Testing level D shall be agreed upon for special applications, e.g. tests on wall thickness below 3,2 mm,
varying thicknesses (counter bore) and tests at object temperatures outside the range specified in 7.6.

For testing level D, verification on test blocks is mandatory.

In general, the testing levels are related to quality levels (given in ISO 5817, for example). The appropriate
testing level can be specified by standards for weld testing (e.g. [SO 17635), product standards or other
specifications. When ISO 17635 is specified, the recommended testing levels are as given in Table 1.

Table 1 — Recommended testing levels

—

Tabld

Testing level Quality level in ISO 5817
C B,C,D
D Special applications

b 2 shows the minimum requirements for the individual test modes for testing levels
set-ujp shall be verified with reference and/or test blocks; as described in 7.2. In(eases whersg

[ and D. The
scanning is

performed from one scanning surface (e.g. the outer surface of a vessel), at teast half and full skip shall

be uged. If scanning is performed from both scanning surfaces (e.g. top and,bottom surface

half gkip could be sufficient, depending on weld and probe dimensions.

If th¢ evaluation of the indications is based on amplitude only, the deviation of the beam a
nornpal to the weld bevel shall not exceed 6°. In case it is not posgible to stay within this 6° v
of the geometry of the test object (e.g. weld cap, narrow gap weld), the scan plan shall
corr¢ctive measures and explain how the areas outside the.6° requirement are covered wi

sensjtivity.

Table 2 — Description of testing levels

5), testing at

is from the

escribe the
h sufficient

aﬁue, because

Testing levels

Mode Examples
C test set-up D test set-up
F 60000 |
E-scan at fixed probe
position to weld (line Two sides To be specified
scan)
S-scqn at fixed probe |-FWo sides or two
position to weld (lin€ [y probe positions on To be specified
scan) the same side
Oneside weld can
-scan raster R To be specified
removed i
Skewed scana Not applicable To be specified

a  [f detection of transverse discontinuities is required by specification, a suitable additional test set-up shall be applied.
Skewed probe or electronically skewed beam can be used.
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Information required before testing

Items to be specified before procedure development

Information on the following items is required:

a)

b) type(s)

c)

d) accepta
e) specific
f) manufa
g) weldde
h) require
i) personf
j)

purpose and extent of testing;

of parent material (i.e. cast, forged, rolled), grain size;

testing levels;

nce criteria;

ption of reference blocks;

cturing or operational stage at which the testing has to be carried out;
tails and information on the size of the heat-affected zone;

ments for access, surface conditions and temperature;

el qualifications;

reporting requirements.

5.2 Specific information required by the operator before testing

Before any
specified in

a) written
b) jointpr
c) relevan
d) time of

festing of a welded joint can begin, the operator shall have access to all the inform
5.1, together with the following additional.information:

test procedure;
eparation and dimensions;
F information on the welding process;

nspection relative to any'post-weld heat treatment.

5.3 Writ1en test procedure

For all testi

The procedt
a) purposg
b) testing
c)
d)
e)
size);
f)
g) calibrat
h) sensitiv
i) availabl
4

g levels, a wriften test procedure is required.
ire shall include the following information as a minimum:

andsextent of testing;

Lechniques;

htion

testing levels;

personnel qualification, training requirements;

reference and/or test blocks;

ion and example of reference scan;
ity and range setting of test equipment;

e access and surface conditions;

test equipment to be used (including frequency, sampling rate, pitch between elements, element
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6.1

Perspnnel performing testing in accordance with this document shalkbe qualified to an
levellin accordance with ISO 9712 or equivalent in the relevant industrial sector.

If chpracterization of indications is required, then a documented training on the follow
requjred:

6.2

6.2.1 General

In selecting the components of the test system (hardware and software), ISO/TS 16829
information.

6.2.1 Instruments and display

Ultrgsonic equipment used for phased array testing shall be in accordance with the reqgtu

ISO

IS0 20601:2018(E)

testing of parent material;

evaluation of indications;

acceptance levels and/or recording levels;
reporting requirements;

environmental and safety issues;

scan plan showing probe placement, movement, and component coverage that
standardized and repeatable methodology for weld testing. The scan plan shall also i

provides a
nclude weld

hickness and weld geometry, beam angles used, beam directions with respect to the
ine, and tested volume examined for each weld.

Requirements for personnel and test equipment

Personnel qualifications

knowledge of welding process and weld shape encountered in the job;
gorrectly setting up the PAUT system with a welding contour;
Wise of echo static & dynamic response for characterization of defects (ISO 23279);

¢orrectly setting up the display settings of PAUT instruments for characterization
¢nvelope;

dlealing with the requirement to hit the weld bevel perpendicular or within +6°.

Test equipment

weld centre

appropriate

ing items is

e.g. no echo

oives useful

irements of

18563-1; ISO 18563-2 and ISO 18563-3, when applicable.

The instrument shall be able to select an appropriate portion of the time base, within which A-scans are
digitized. It is recommended that a sampling rate of the A-scan be used of at least six times the nominal
probe frequency.

6.2.3 Probes

Probes for longitudinal, transverse and creeping waves can be used.

The probe frequency shall be at least 5 MHz and suitable for the thickness of the component.

© ISO 2018 - All rights reserved
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Adaptation of probes to curved scanning surfaces shall comply with ISO 17640. Probes shall have shoes
sufficiently adapted to the surface curvature, so that the probe shoe to surface distance does not exceed
0,5 mm.

Formula (1) gives the relation between the maximal distance between the flat probe shoe and the
component surface, gfat, the probe shoe size in the direction of curvature, a, and the object diameter, D:

2

a

I flat :4_D

M

For a given test object of diameter D, the maximum acceptable dimension, apay, in the direction of the

curvature o
some values

the tlat probe shoe that shall be used (provided that gfjat < 0,0 mm) is given 1n Table
of D.

3 for

Table 3 —|Examples of maximum size, anax, of a flat probe shoe for a test object of diameter, D

D Omax

mm mm
50 10
200 20
450 30
800 40
1250 50

Because the|curvature of the test object has influence on the.sound beam, the beam width along the[weld

shall be suif

of the discontinuity length specified in the acceptance cfiteria.

6.2.4 Scal

To achieve
encoder(s) s

The distanc
variation of

7 Prepa

7.1 Voluy

The purposs
be determin

able (using geometrical or electronical beam.focusing, for example) for the determin

hning mechanisms

consistency of the phased array ilimages (collected data), guiding mechanisms and
hall be used.

e between the probe and the'weld centre line shall be constant with a maximum alloy
+1 mm. Otherwise, the suitability shall be proven on a reference block.

ration for testing

he to betested

e of thetesting shall be defined by specification. Based on this, the volume to be tested
ed.

htion

scan

yable

shall

For tests at the manufacturing stage, the testing volume shall include the weld and parent material
for at least 1,25 t (thickness) on each side of the weld (1 t for laser welds and for electron beam welds),
or the proven width of the heat-affected zone (based on the manufacturer’s information). It needs to
be proven that the sound beam(s) cover(s) the volume to be tested. A scan plan shall be provided to
document this.

7.2 Verification of test set-up

The capability of the test set-up shall be verified by the use of reference blocks and test blocks, where
applicable.
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7.3 Scan increment setting

The scan increment along the weld shall be no more than 0,5 mm, unless testing level D is specified. In
this case, the value of the scan increment shall be justified.

The scan increment setting perpendicular to the weld, when applicable, shall be chosen in order to
ensure the coverage of the examination testing volume.

7.4 Geometry considerations

Care should be taken when testing welds of complex geometry, e.g. weld joining materials of unequal
thicknesses, materials that are joined at an angle or nozzles. These tests should be planned carefully
and require in-depth knowledge of sound propagation and shall always be carried outdpder testing
level|D.

7.5 | Preparation of scanning surfaces
Scanping surfaces shall be clean in an area wide enough to permit the testing volume to be fiilly covered.

Scanping surfaces shall be even and free from foreign matter likely to-interfere with prgbe coupling
(e.g. rust, loose scale, weld spatter, notches, grooves). The conditionof the test surface shall resultin a
gap not exceeding 0,5 mm between the probe and the surface. Thése requirements shall bg ensured by
dres$ing the scanning surface, if necessary.

Scanhing surfaces may be assumed to be satisfactory if ¢the'surface roughness, Ra, is not greater than
6,3 Wm for machined surfaces, or not greater than 12,5 gpm for shotblasted surfaces.

Wheh coating, e.g. paint, is present and is not to bé removed, test blocks with corresponding coating,
are required. In addition, the required correctivezactions shall be specified and applied.

7.6 | Temperature

When not using special high-temperadture phased array probes and couplants, the surface femperature
of the test object under testing shall be between 0 °C and 50 °C.

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

7.7 | Couplant

In or|der to generaté proper phased array images, a couplant shall be used which provides a constant
trangmission of ultrasound between the probes and the test object.

The [couplantiused for calibration shall be the same as that used in subsequent testing and post-
calibjratiofts.

8 Testing of parent material

The parent material, in the scanning zone area shall be tested, to demonstrate that the angle-beam
testing of the weld is not influenced by the presence of imperfections.

Where imperfections are found, their influence on the proposed angle-beam testing shall be assessed
and, if necessary, the techniques adjusted correspondingly. When satisfactory coverage by ultrasonic
testing is seriously affected, other test techniques (e.g. radiography) shall be considered.

© ISO 2018 - All rights reserved 7
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9 Range and sensitivity settings
9.1 Settings

9.1.1 General

Setting of range and sensitivity shall be carried out before each test in accordance with this document.
Any change of the phased array set-up, e.g. probe position and steering parameters, requires a new
setting.

Signal-to-noise vhen

using A-scais, or with a minimum of 6 dB when using phased array images.
9.1.2 Pul$e-echo time window

If applicabld, the time window used for pulse-echo signals shall include the volume-ofiinterest afd be
specified in the written test procedure.

Ensure that|the combination of beams covers the area of interest.
9.1.3 Pul$e-echo sensitivity settings

9.1.3.1 General
After selection of the mode (E-scan, S-scan), the following shallbe carried out:

a) the sensitivity shall be set for each beam generated {(beam angle, focal point etc.) by the phased
array probe;

b) when a probe with wedge is used, the sensitivity’shall be set with the wedge in place.

9.1.3.2 Fqcusing

Different mpdes of focusing can be applied with phased array probes, e.g. static and dynamic depth
focusing (DDF).

When focus]ng is used, the sensitivity shall be set for each focused beam.

9.1.3.3 Gain corrections

The use of angle-corrected gain (ACG) and time-corrected gain (TCG) enables the display of signa|s for
all beam angles andwall distances with the same amplitude. At least two points/distances shall bejused
for the ACG pr TCG.

9 1 3 4 Cadnditiviityvu cotbinae for difforont madoc ofinhacod ayxsayr £ Eina
A0 SCTISTHVITY STt S 10T U rentmoatsOrphasttrarray tCSting

For weld testing, different modes can be applied, e.g. E-scans, S-scans. After the previous steps, the
reference sensitivity for each generated beam is a distance-amplitude curve (DAC) or time-corrected
gain (TCG) for side-drilled holes with diameter according to 9.3.4., including transfer correction,
according to ISO 17640, if applicable.

9.2 Checking of the settings

The settings shall be checked at least every 4 h and after completion of the testing. If the single test
takes more than 4 h, the settings shall be checked after completion of the test.

If a reference block was used for initial setting, the same reference block shall be used for checking.
Alternatively, a smaller block with known transfer properties may be used.

8 © ISO 2018 - All rights reserved
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If deviations from the initial settings, in accordance with 9.1, are found during these checks the
corrections given in Table 4 shall be carried out.

Table 4 — Sensitivity and range corrections

Sensitivity

Deviations <4 dB No action required; data may be corrected

by software

The complete chain of measurement shall
Deviations >4 dB

last valid check shall be repeat

If no defective components are identified, settings
shall be corrected and all tests carried out since the

be checked.

d

The

required signal-to-noise ratio shall be achieved.

Range

Deviations <0,5 mm or 2 % of depth range,

; . No action required
whichever is greater 4

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

Settings shall be corrected-and all tests

since the last validicheck shall be repeated

arried out

9.3

9.3.1

Refel
adeq
bloc}

9.3.2

Refel
TR 1
For t

2 mafterial.

Refel
TR 1

9.3.3
The
with

The
a rar
used

Reference blocks

General

‘ence blocks shall be used for testing level C and Dito 'set the test sensitivity and de
uacy of testing. (e.g. coverage). Recommendationsfor reference blocks are shown in A
£ in Figure A.1 is preferred for settings/correction of time delays and TCG.

Material

rence blocks as shown in Figure A.1 shall be made from the same material group (accor
b608) to the test object (e.g. with regard to sound velocity, grain structure, and surfac
esting on group 2 material the reference blocks can be made from group 1 material o

rence blocks as shown in-Figure A.2 shall be made from the same material group (accor
b608) to the test objeet (e.g. with regard to sound velocity, grain structure, and surfac

Dimensions@nd shape

hickness of atleast one of the reference blocks shall be the same as the test object and in
the specified material tolerances.

curyatute of the reference block shall be similar to the components curvature to be t¢
ge..For testing of longitudinal welds in cylindrical test objects, curved reference blg

32O o 1 9

termine the
nnex A. The

ding to ISO/
e condition).
from group

ding to ISO/
b condition).

accordance

bsted within
cks shall be

i e A o ot oo £ 300 o+ £ olas g Ao ot TN b £ olas ol i
y IIav g UTaiTCtCT ST UTIT U, 0 tU— L,z S e teS T O U CC T UTAaTITCTCT T OT tCSTODJCCTSITa v I

greater than or equal to 300 mm, a flat reference block may be used.

g a diameter

In all cases, with regard to the diameter or curvature, the requirements mentioned in 6.2.3 shall apply.
The maximum allowed gap between probe shoe and reference block is 0,5 mm.

The length and width of the reference block should be chosen such that all the artificial reflectors can
be properly scanned.

9.3.4 Reference reflectors

The reference block as shown in Figure A.1 shall at least contain two side-drilled holes (SDH).

The reference block shall at least contain one side-drilled hole (SDH) and two notches (Figure A.2) or
alternatively two flat-bottomed holes (FBH) or two round-bottomed holes (RBH). The length of the side-
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drilled holes and notches shall be equal or larger than the beam width. Recommended hole diameters
are specified in Annex A (see Table A.1).

If notches are used for sensitivity setting then beam angles with possible mode conversion shall be
avoided because the signal amplitudes of different beam angles are strongly affected.

Notches can

NOTE

also be used to show coverage of the volume to be tested.

corner reflection, e.g. at a notch, this means that a beam angle of higher than about 57° is also affected.

9.4.1 General

With testing
9.3, to deter

The test blo
required pe

9.4.2 Material

Test blocks
(e.g. withre

Atestblock
and having

9.4.3 Dinj

The thickng
block shall i

The length 4
be properly

9.4.4 Ref]

The test blo
production

a)

b) artificig

real dis

For shear waves in steel, mode conversion occurs at an incident angle of less than about 33°. For a

 level D, test blocks shall be used in addition to the use of a reference blockias describ
mine the adequacy of the testing (e.g. coverage, sensitivity setting).

Ck may replace the reference block if the test block has also all specified reference refle
- 9.3.4.

thall be made from the same material group (according té ISO/TR 15608) as the test o
pard to sound velocity, grain structure, and surface condition).

hall contain a weld according to the same weldingprocedure, made from the same mat
h similar (weld) geometry as the test object.

ensions and shape

ss of the test block shall be the sameg as that of the test object. The curvature of the
e equal to the curvature of the testobject.

ind width of the reference block should be chosen such that all the required reflector
scanned.

ectors in test blocks

Ck shall containreflectors in or at real welds (ID, OD and embedded), representing pog
Hefects. Twodipes of reflectors can be used:

Continuities (deliberately applied welding defects);

ed in

ctors

bject

erial

test

5 can

sible

holes).

| discontinuities (machined reflectors, i.e. notches, side-drilled holes and flat-bottTmed

Real discontinuities are usually preferred. Alternatively, artificial discontinuities may be applied. The
type and required number of discontinuities used shall be agreed between the contracting parties.

The discontinuities shall be tested, for example, by X-ray and assessed (ISO 17636-1 class B, ISO 5817
level 1), with additional technology (RT tomography) or macroscopic sectioning of twin samples.

10 Equipment checks

Verify that all relevant channels, probes, and cables of the ultrasonic phased array system are
functional. These checks shall be performed daily before and after testing. If any item of the system
fails, corrective action shall be taken and the system shall be retested.

10
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11 Verification of the test procedure

For testing level D, verification of the procedure is required. The test procedure shall have been
demonstrated to perform acceptably on test blocks as described in 9.4.

A satisfactory procedure verification shall take place before the first testing of the test objects.

A sat

isfactory procedure verification includes:

a) detection of all required reflectors in accordance with the requirements of 9.1.1;

b) amplitude differentiation as specified;

‘)

12

Befo
refer

Acce
proc

Somyd
scan

Scan
scan
signa
Miss
num

If thd
adjad
end (¢

If ap}

131

Ultra
acqu
para

Alld

roof of coverage in depth and width.

Weld testing

e initial testing, the coverage shall be verified with the scan plan and demonstrated
ence block.

btable deviations of probe position relative to the weld centreXine shall be specifie
bdure, and shall be covered in the scan plan and shown on a reference block.

e discontinuities detected during the initial scanning ¢an‘require additional evalug
5, scans perpendicular to the discontinuity, complementary phased array set-ups.

n a suitable

1 in the test

tion, offset-

ning speed shall be chosen such that satisfactory plrased array images are generated (s
hing speed shall be selected depending on factors such as number of delay laws, sca

ent scans is required. When scanning circumferential welds, the same overlap is req
f the last scan with the startof the first scan.

blicable, a control function for the coupling efficiency is recommended.

Data storage

sonic testing ‘shall be performed using a device employing automatic computer
jsition. All{A*scan data covering the test area shall be stored and all data sets
meters shall be included in the data record.

htaShall be stored for a period as specified.

be 14.1). The
resolution,

|1 averaging, pulse repetition frequency, data' acquisition frequency, and volume tp be tested.
ng scan lines indicate that too high a scanning speed has been used. A maximum of 5 % of the total
ber of lines collected in one single scan may be missed, but no adjacent lines shall be mjssed.

 length of a weld is scanned in more'than one section, an overlap of at least 20 mm between the

ired for the

tbased data
with set-up

14 Interpretation and analysis of phased array data

14.1 General

Interpretation and analysis of phased array data are typically performed as follows:

a) assess the quality of the phased array data;

b) i

dentify relevant indications;

c) classify relevant discontinuities as specified;

d) determine location and size of discontinuities as specified;
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evaluate discontinuities against acceptance criteria.

14.2 Assessing the quality of the phased array data

A phased array test has to be carried out such that satisfactory phased array images are generated
which can be evaluated with confidence. Satisfactory phased array images are defined by appropriate:

a) coupling;

b) range (time-base) setting;
c) sensitivitrsetting

d) signal-tp-noise ratio;

e) saturatjon indicator;

f) dataacquisition.

Assessing t}
operator sh
scanning).

14.3 Identlification of relevant indications

Phased arra|

In order to
object is neq

To decide
disturbance
relative to t

14.4 Class

Amplitude,
discontinuit

Relevant ind
14.5 Detel

14.5.1 Loc

e quality of phased array images requires skilled and experienced.dpeérators (see 6.1)

y testing images: both discontinuities in the weld and\geometric features of the test ol
distinguish between indications and geometric\features, detailed knowledge of thg

essary.

s in the phased array image shall be*evaluated considering shape and signal ampl
e noise level.

ification of relevant indications

ocation and pattern of relevant indications contain information on the type of the re
y.

ications shall be.classified as specified.
'mination 0f location and length

htion

The location ‘ef) a discontinuity parallel to the weld axis, perpendicular to the weld axis and i

. The

i1l decide whether non-satisfactory phased array images requiresiew data acquisition (re-

ject.

test

vhether an indication is relevant (caused by a discontinuity in the weld), patterms or

tude

lated

n the

through-wall direction shall be determined from the collected data.

14.5.2 Len

gth

The length of a discontinuity is defined as the dimension along the weld. The method of determining
the length shall be in accordance with the applied acceptance level.

12
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When testing circumferential welds in small diameter pipes the length measured along the outside
surface is larger than the actual length of the discontinuity, especially at lower depth (e.g. root
discontinuity). This can be compensated with Formula (2):

0D -2d
=].x

IC S oD

(2)
where

Ic is the corrected length;

s 1s the length measured along the surtace;
DD is the outside diameter;

d is the depth of indication.
14.4 Indication assessment

14.6}1 General

Thisjassessment can, according to specification, be based on:
— height and length;

— amplitude and length; or

— amplitude, length and characterization.

If the height of an indication can be determined directly, e.g. by using diffraction sigpals, this is
prefarred. If no diffraction signals are present or usable then the amplitude is used for evalpation.

14.6{2 Assessment based on amplitude and length

The amplitude drop can be used to determine the height and length of an indication. The maximum
amplitude of the signal from each'characterized indication shall be evaluated according to he specified
acceptance level for that type.éf indication.

14.6{3 Assessmentbased on height and length

The height of an ifidication is the extent in the through-wall direction. For indications displaying varying
height along their-length, the height shall be determined at the scan position of maximum extent.

If a more accurate height determination is required, reconstruction algorithms may be usef.

14.6!

The echo pattern, the position and orientation of the indication can be used to determine the type of the
related discontinuity,

14.7 Evaluation against acceptance criteria

After classification of all relevant indications, determination of their location and length, and
assessment, the indications shall be evaluated against the specified acceptance criteria.

The indications can then be categorized as “acceptable” or “not acceptable”.
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15 Test report
The test report shall include at least the following information:
a) areference to this document (i.e. ISO 20601);
b) information relating to the object under test:
1) identification of the object under test;

2) dimensions including wall thickness;

3) maferial type and product formi,

4) geoLxetrical configuration;

5) locqdtion of welded joint(s) tested;

6) refgrence to welding process and heat treatment;
7) stage of manufacture;

8) surface condition and temperature;

c) informdtion relating to test equipment:

1) manufacturer and type of phased array instrument including scanning mechanisms |with
identification numbers;

2) manufacturer, type, frequency of phased array probes including number and size of elements,
mafterial and angle(s) of wedges with identification numbers;

3) details of reference block(s) and/or test block(s) with identification numbers;
4) typE of couplant used;
d) informdtion relating to test techniques:
1) tesfing level and reference to@written test procedure;
2) purjpose and extent of testing;
3) details of datum and_coordinate systems;
4) method and valties‘used for range and sensitivity settings;
5) detgils of signal processing and scan increment setting;

6) scah plan;

7) limitations of access and deviations from this document, if any;
e) information relating to phased array setting:

1) increment (E-scans) or angular increment (S-scans);

2) element pitch and gap dimensions;

3) focus (calibration should be the same as used for scanning);

4) virtual aperture size, i.e. number of elements and element width;

5) element numbers used for focal laws;

6) documentation on permitted angular range for the wedge used specified by the manufacturer;
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