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Foreword

[SO (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 ]

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not Teceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad¢ name used in this document is information given for the convenience of users and| does not

constitut¢ an endorsement.

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISO/TC 135 Non-destructive testing, Subcommittee
SC 3 Ultrdsonic testing, in collaboration with the European Committee for Standardization (CEN)[Technical
Committde CEN/TC 138, Non-destructive testing, in acgerdance with the Agreement on technical copperation

between

This seco
revised.

The main
— integ
— delet
— addit

a more functionalstandard (characterisation of beams moved to Annex A);

— addit

Alistof a

SO and CEN (Vienna Agreement).

hd edition cancels and replaces the-first edition (ISO 18563-3:2015), which has been t¢chnically

changes are as follows:
Fation of matrix array pfropes;
on of group 1 and Z2tests;

on of a clause©n-the use of imaging for complete system verification (9.4.3) as a simplification for

on of signal processing techniques using arrays (e.g. total focusing technique (TFM)) in the scope.

| parts in the ISO 18563 series can be found on the ISO website.

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

complete

listing of these bodies can be found at www.iso.org/members.html.
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Non-destructive testing — Characterization and verification
of ultrasonic phased array equipment —

Part 3

Complete systems

1 Scop
This docu

e

ment addresses ultrasonic test systems implementing array probes, for contact techni

or without wedge) or for immersion technique, with centre frequencies in the range,of-0;5 MHz to

This docu
system (s

ment provides methods and acceptance criteria for determining the ¢empliance of the
e 3.2). Its purpose is for the verification of the correct operation of(the system prior to

verificati¢n of the absence of degradation of the system.

The meth
to prove
settings u
or on resy

The tests

This docu

apply to t
items wil

This docu

The chard
the beam

NOTE
as defined

bds are notintended to prove the suitability of the system for particular applications but ar¢
he capability of the complete system (used for an application)'to operate correctly accord
sed. Tests can be performed on individual ultrasonic bedms’(for phased array technique,
Iting images (for phased array technique and total focusing technique, see 9.4.3).

can be limited to the functions that are intended té&’be used for a certain application.

ment does not cover the sensitivity setting-of the system for a specific application. N
he characterization or verification of the mechanical scanning equipment. It is intended
be covered by the test procedure.

ment does not address the phased array technique using tandem technique.
cterization of beams, as recommended in case of dead elements or for more in-depth kng

Unless stated otherwise,(inythis document ‘TFM’ and ‘TFM technique’ refer to the total focusing
in ISO 23243, and to related techniques, see for example ISO 23865 and I1SO 23234.

2 Normnative references

The follov
requirem
the latest

ing documeénts are referred to in the text in such a way that some or all of their content c
bnts ofithis document. For dated references, only the edition cited applies. For undated r
editiof of the referenced document (including any amendments) applies.

ISO 5577,

que (with
10 MHz.

complete

testing or

intended
ing to the
see 9.4.4)

pr does it
hat these

wledge of

5, is presented in Annex A. Iti$.not applicable for signal processing technology using arrajys.

technique

nstitutes
bferences,

No-destryctivo tocting traconic tocting Vocabilary
YO~ Co T oty € cEoTIrtgy \=4 w4

IS0 9712,

T o OHTCTEoTg v-octroorrert

Non-destructive testing — Qualification and certification of NDT personnel

[SO 18563-1, Non-destructive testing — Characterization and verification of ultrasonic phased array equipment

— Part 1:

Instruments

[SO 18563-2, Non-destructive testing — Characterization and verification of ultrasonic phased array equipment

— Part 2:

Probes

[SO 22232-2, Non-destructive testing — Characterization and verification of ultrasonic test equipment — Part

2: Probes

[SO 23243, Non-destructive testing — Ultrasonic testing with arrays — Vocabulary

© IS0 2024 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5577, ISO 23243 and the

following

apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISOO

nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

combined equipment

connected set including the instrument, the array probe (with wedge 1t applicable) and connecti

including
[SOURCE:

3.2
complete
combined

Note 1 to 4

3.3
referencs
complete
ISO 1856

successfullly

3.4
identical
complete

mode of operation are identical to those of the reference system

Note 1 to gntry: Components are identical if from@he same manufacturer and the same model.

3.5
systemr

document for reporting the results for a complete system which enables a comparison with 4

obtained

4 Sym

For the pyrposes of this document, the symbols given in Table 1 apply.

adapters

[SO 23243:2020. Modified - array and wedge added]

system
equipment including the settings for a given mode of operation

ntry: Settings are specific values or ranges of values, e.g. electronic scanning or steering range.

e system
system, including an instrument according to ISO 18563<Pand an array probe initially ac
-2, on which all of the applicable tests defined in Clause 9 of this document have been g

system
system in which instrument, array probejwedge, connecting cables and the settings f

pcord sheet

from the reference system

bols

Table 1 — Symbols

hg cables,

fording to
erformed

br a given

he values

Symbol

Unit Definitions

(X Z¢)

mm; mm |Coordinates of the position of the centre of the reference reflector

(Xm Zw)

mm; mm |Coordinates of the position of maximum amplitude of an indication

Vor % FSH |Amplitude of one elementary signal

Contact technique: reduced projected sound path length

mm Immersion technique: distance between the orthogonal projection of the axis of th
drilled hole on the test surface and the centre of the probe front surface

e side-

Vor % FSH |Maximum value of the amplitudes of all elementary signals

Vor % FSH |Minimum value of the amplitudes of all elementary signals, excluding the dead elements

Vor % FSH |Median value of the amplitudes of all elementary signals

© IS0 2024 - All rights reserved
2


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=4f2b769c1167be63e1fc16804d110552

ISO 18563-3:2024(en)

Table 1 (continued)

Symbol Unit Definitions
D mm Diagonal of the active aperture
D mm Distance between the centre of a side-drilled hole and the point of maximum amplitude of
M the indication of this hole
Gref dB Reference gain
mm Near-field length associated with the active aperture
p mm Pitch
X, mm Distance between the probe front surface and the probe index point for the studied beam
ASy dB Relative sensitivity of an element
0 ° Angle of refraction
A mm Wavelength
5 General requirements for conformity
5.1 General
All followjing tests shall be performed with an instrument that complies with1SO 18563-1 and an array that
initially cpmplied with ISO 18563-2.
The tests|can be limited to the functions that are intended to be-used for a certain application] e.g. used
channels pf the instrument or used part of the array or specific settings for a specified mode of opg¢ration.
When all Fequired tests have been successfully conducted, the complete system is considered to cpnform to
this document.
5.2 Reflerence system
a) The tpsts to be performed prior to the first use of a complete system are described in Table 4.
When all required tests have been successfully conducted, this complete system may be psed as a
refer¢nce system. The results of the‘méasurements made are the base values.
b) A sysftem record sheet of these(base values shall be created.
5.3 Identical system
a) When anidentical system is created, and/or when using other channels of the instrument and dpplicating
the s¢ttings, or aftéra maintenance operation or after the replacement of a system component, the tests
as described in-Table 4 shall be performed again.
b) The results,of the measurements made on the identical system shall be recorded in the syst¢m record

sheet]

and\compared against the base values.

5.4 Periodic checks

a) For a periodic check of correct operation of the system, the tests as described in Table 4 shall be

perfo

rmed again.

b) The frequency of checking of the complete system shall be specified in the test procedure, e. g. before
starting and at the end of the non-destructive testing or daily, weekly, monthly, depending on the
application.

c¢) Each periodic check shall be documented on the system record sheet, either by recording the values of
the checks or by stating that the results are within the acceptance criteria.

© IS0 2024 - All rights reserved
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Qualification of test personnel

appropriate level in ultrasonic testing in accordance with ISO 9712 or equivalent.

Personnel performing the verifications in accordance with this document shall be qualified to an

In addition to general knowledge of ultrasonic testing, the operators shall be familiar with, and have practical

experience in, the use of the ultrasonic phased array technique or the total focusing technique (TFM).

7

Modes of operation for phased array techniques

This clause is not applicable for signal processing techniques using arrays, e.g. TFM.

This claus
array eler

Dependinig on the application, the following options of the phased array technique may be,uséd:

numbH

numbH

type

The six mpst common modes of operation for phased array techniques,are defined in Table 2.

er of active apertures (one or multiple);

e 1s applicable for phased array techniques based on beams by using a set of delay lawsfo
hents during transmission and/or reception.

er of shots or delay laws (one or multiple) per active aperture;

bf delay law (beam steering, beam focusing or combined setting).

Ir multiple

Examples of modes of operation for phased array techniques are illustrated in Table 3.
Considering these different modes of operation and their resulting beams, the number of beams orfimages to
be tested|is described in Table 4.
Table 2 — Definition of modes of operation for phased array techniques
Number | Number of delay | Identical ordiffer- Arrav orienta-
Modes | ofactive | laws per active |entset ofdelaylaws };ion Resulting bearp(s)
apertures aperture for each aperture
Mode 1 One One Not applicable Not relevant One beam
(only one aperture)
Mode 2 One Multiple Not applicable Not relevant Multiple beams from pne active
(only one aperture) aperture
. . Array parallel to | One beam from each pctive ap-
Mode 3 | Multiple ehe Identical the test surface | erture, all beams arelidentical
Arrav parallel to Multiple beams fron} each ac-
Mode 4 | Multiple Multiple Identical yp tive aperture, beams fire identi-
the test surface .
cal for all active apprtures
Identical Array not parallel|  One beam from each active
Mode 5 | Multiple One to the test surface| aperture, beams areldifferent
Different Not relevant for each active apgrture
Identical AlTdy ot pdrallel Multiple beams from each
Mode 6 | Multiple Multiple to the test surface| active aperture, beams are dif-
Different Not relevant ferent for each active aperture

© IS0 2024 - All rights reserved
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Table 3 — Examples of modes of operation for phased array techniques

Modes Examples
Mode 1
a) Beam steering b) Beam focusing on one point
—
Mode 2| \ o
a) Electronic sectorial scanning b) Focusing on several points
| } } ----‘----‘
— o
Mode 3 \ ) ‘ \. Yool
a) Electronic linear scz;r;r;lng with constant delay b) Electronic linear scanning with fofusing
/] K Vo
FYvy rvyy | Iy Iy
Mode 4 / \ k" 3 \.. LR
a) Electronic sectorial scanning together with b) Focusing on several points together with elec-
electronic linear scanning tronic linear scanning
Mode 5 R R

a) Electronic linear scanning with varying delay
path

b) Electronic linear scanning with focusing or

combined electronic scanning

The medium between the array and the test object may be a fluid (immersion) or a solid (e.g. wedge).

NOTE 1 For simplicity, only the beam centre lines are indicated. An arrow indicates the beam direction, dots indicate focal

points.

© IS0 2024 - All rights reserved
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Table 3 (continued)

Modes Examples
o=
é’éé |
NN
Mode 6 / \\ AW N
AT 2R 2T °
a) Electronic sectorial scanning together with b) Focusing on several points together with elec-
electronic linear scanning tronic linear scanning

The mediun between the array and the test object may be a fluid (immersion) or a solid (e.g. wedge).

NOTE 1 F¢r simplicity, only the beam centre lines are indicated. An arrow indicates the beam directign; d6ts indicate focal

points.

8 Equipment required for tests

The equigment required for the tests of a complete system includes:

a) suitable reference block(s);

b) measprementdevices for the length with an accuracy of +0,5 mm'and for the angle with an accurjacy of +1°.

9 Testp to be performed

9.1 General

a) Beforje performing the tests, the equipment settings shall be made according to the array apd wedge
that qre in use for the application.

b) For applications where only a part of the-array is used, the tests can be limited to this part. In|that case,
the results of the tested part of the array shall be recorded on the system record sheet, ijcluding a
descrjiption of the tested part of the'array.

c¢) The tpsts described in Table'4/shall be performed initially (5.2), after every maintenance opgration or
after [the replacement of a'system component (5.3), and periodically (5.4).

Table 4 describes the various tests to be conducted on a complete system based on the differentymodes of

operation| for phased apray techniques.

The last cplumn of Table 4 describes the various tests to be conducted on a complete system in casg of signal

processinfg techniques using arrays. For conciseness, it is named TFM mode.

For tests

this meansatieas

here Table 4 indicates that it is required to verify at least three beams, apertures or pres

bntations,

For phased array technique, tests can be performed either on individual ultrasonic beams or on resulting
images, if applicable.

For total focusing technique, tests can only be performed on resulting images, because no individual
ultrasonic beams are available.

© IS0 2024 - All rights reserved
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9.2 External aspects of the equipment

9.2.1 General

This general visual inspection is intended to verify that there is no degradation of the test equipment.

9.2.2 Procedure

a) Visually inspectthe outside of the ultrasonic instrument, the array probes, the cables and the connectors
in order to detect any sign of damage or wear that can affect both the current operation of the system
and its long-term reliability.

b) Inpa
c) Ifthe
d) Checl

9.23 A

All the co
charactern

9.24 R

The resul
9.3 Ele

931 G

These tes
the array

The tests

a) the ve
instri
succel

b) the
c) theid

932 C

9.3.2.1

Fticular, Inspect the contact surface of the array probe and the wedge.

probe is made out of various components, verify that they are correctly assembled

c the wedge dimensions by measuring with a ruler to detect any wear.

cceptance criteria

mponents of the system shall not show any visible sign of damage or wear that influences
istics or imaging.

eporting

s of the visual inspection shall be recorded on or appended to the system record sheet.
ments and channels

eneral

ts are to ensure proper connection of the array probe to the instrument and correct op
[probe once connected.

address:

rification of channel/elemént assignment for transmission and reception, and the capab
iment to perform the elegtronic switching operations necessary to activate individual
ssively;

easurement of the\rélative sensitivity of the array elements, and the reference amplitudg

entificationofany failing component (e.g. dead elements).
hannel.assignment

Procedure

the beam

eration of

lity of the
elements

a) Use a test block with a planar reflecting surface that is not parallel to the array in order to generate
increasing time-of-flight values from element to element, see Table 5 and Figure 1.

b) Activate the elements one by one from the first element to the last element of the array.

c¢) Compare the individual time-of-flight values of the signals from the reflecting surface from element to
element (e.g. by A-scans, L-scans) (Figure 2).

d) The verification for matrix array probes shall be performed in two phases:

1) first check the individual elements column by column;

© IS0 2024 - All rights reserved
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2) then, having rotated the matrix array probe by 90° or a small skew angle when using a wedge,
check row by row.

Table 5 — Test blocks to be used depending on the configuration

Technique Probe configuration Reflecting surface
(or‘/\\:\;zzg(égtr‘évriiiid) Block with planar surfaces that are non-parallel (Figure 1 b))
Contact tech- Wedge contact surface if the time-of-flight values differ from element to
nique element
With a wedge or

Block with a planar reflecting surface where the impingement angle of
the natural refracted beam is at least a few degrees (Figurg 1 a))

Immersjon Block with a planar reflective test surface tilted by at least a|few de-
technique grees with respect to the probe

a) For an array with wedge b) For an array without wedge on a blofk, e.g.
according to ISO 19675

Key
a  impingement angle of the natural refractéd beam
b  naturjl refracted beam angle

Figure 1 — Verification of channel assignment

X

Key
X  element position.
Y time of flight.

Figure 2 — Comparing elementary time of flight on imaging, e.g. L-scan

© IS0 2024 - All rights reserved
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9.3.2.2 Acceptance criteria

a)
b)

)

The longest time of flight shall be associated with the element farthest from the reflecting surface;
The shortest time of flight shall be associated with the element closest to the reflecting surface;

The time of flight of the received signals shall vary monotonically with element position.

9.3.2.3 Reporting

The settings and results of the test shall be recorded on or appended to the system record sheet.

9.3.3 Relativesensitivity-ofelements; reference-amplitudeand-dead-elements—————

9.3.3.1 |[General

The objedtives of the following tests are to check the relative sensitivity of the elements; to identify dead

elements pnd to determine the reference amplitude.

An additipnal objective of periodic tests is to verify that the possible occurrence.of changes in the relative

sensitivity of the elements has no influence on the correct operation of the system.
9.3.3.2 [Elementary sensitivity

9.3.3.2.1| Procedure for contact technique

a)

9.3.3.2.2 | _Procedure for immersion technigue

a)

b)
)

d)

Positjon the array probe on a test block in order to obtain thé.same time of flight for all of the elements, e.g.:

1) preferably without a wedge (if possible), using a block with parallel surfaces;

<

2) with a delay line, using the signals from the:d€lay line contact surface;

3) with a wedge, using a test block of the saime material with one side inclined at the same arjgle as the
probe wedge;

Activpte the elements one by one (transmit and receive with the same element).
Displpy the amplitude of the echo'from the reflector for each element.

Adjudt the gain to have thesignal amplitudes approximately at 80 % of FSH and, if necessary, rfeduce the
gain if the maximum amplitude cannot be read from the display (above 100 % of FSH).

Measpre the amplitude4, of each elementary signal in % of FSH.
For dpal-array ptebes, perform tests a) to e) for each array separately.

In cade of anen-removable wedge, use an adapted block that compensates for the influence of the yoof angle.

Position the array probe parallel to an immersed test block in order to obtain the same time-of-flight
values for all of the elements.

Activate the elements one by one (transmit and receive with the same element).

Display the amplitude of the interface echo for each element; perpendicular incidence is obtained if all
signals show an equivalent time of flight within a half-period tolerance.

Adjust the gain to have the signal amplitudes approximately at 80 % of FSH and, if necessary, reduce the
gain if the maximum amplitude cannot be read from the display (above 100 % of FSH).

Measure the amplitude A, of each elementary signal in % of FSH.

© IS0 2024 - All rights reserved
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Determination of the reference amplitude

The reference amplitude A ¢ is defined as the median of the elementary amplitudes of the elements 4.

a) Calculate A,.;and record it on the system record sheet, together with the applied gain.

b) During the system's service life, use the same settings and the same test block, recalculate A,..; every
time to check the absolute sensitivity of the system.

9.3.3.4

Calculate

Identification of dead elements

the relative sensitivity AS (in dB) of each element using Formula (1):

ASel =

An eleme
Aloss of S

Regardles

9.3.3.5
Ay 1s dg
A i, isde

Check the

9.3.3.6
The folloy
a) Ther

b) Ifthe
resul
simul

c¢) Ther
d) Then

ZOIOg(Ael/Aref)

it is considered a dead element, if AS,; < -9 dB.
ensitivity can be caused by the array element, the cable and/or the instrument.

s of the reason, this is named a dead element.

Range of sensitivity of elements
fined as the maximum A value.
fined as the minimum A, value excluding dead elements

range of sensitivity of elements by comparing 4 ;, and'4 ...

min
Acceptance criteria
ving criteria shall be applied:

pference amplitude A, is acceptable if the signal-to-noise ratio is acceptable for the appl

reference amplitude and the sighal-to-noise ratio do not remain acceptable, the beams
'ing from the affected active apertures shall be checked. This verification may be perf
ation or, for phased array technique, by measurements according to Annex A.

elative sensitivity of elements is acceptable if A, - A ;, < 50 % of FSH;

haximum number-ofdead elements for each active aperture shall not be more than the va

in Table 6.

Table 6 — Maximum number of dead elements

e8]

jcation.

pr images
rmed via

ues given

i\

pe of array probe 0,5<f<5MHz | 5<f<10 MHz

L

neararray

1 outof 16

M

ATTX array with mumber < 64 etemrents

M

atrix array with number > 64 elements 10 % | 15 %

e) For linear array probes, the dead elements shall not be adjacent.

f) For matrix array probes with up to 64 elements, the dead elements shall not be adjacent.

g) For matrix array probes with more than 64 elements, each dead element shall have maximum one
adjacent dead element.

h) Ifnew dead elements are found during periodical tests, it should be verified that the reference amplitude
of the affected active apertures and the signal-to-noise ratio remain acceptable for the application.
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9.3.3.7 Reporting

The settings and results of the tests shall be recorded on or appended to the system record sheet.

9.4 Verification of correct operation

9.4.1 General

a) For phased array techniques, the beams generated in the deflection plane(s) shall be verified either by
using imaging (9.4.3) or by measuring the angle of refraction and the index point (9.4.4).

b) For signal processing techniques using arrays, the term beam is not relevant. Then, only the resulting
TFM [mage in the deflection plane(s] shall be verified (9.4.3].

c) For ijnaging with indirect beams or indirect imaging paths, i.e. using reflection(s) at subfac¢(s) of the
test dbject, the verifications shall be performed using reference block(s) of known thickness.

d) In all|cases, prior to the verifications described in 9.4.3 and 9.4.4, the absence, ¢f\saturation [of signals
and the linearity of the amplification system shall be verified (9.4.2).

e) For njatrix array probes operating with skew angles, the skew angles shall'be verified (9.4.5).

NOTE Presentations in other planes (e.g. type C, top-view, side-view) or imaging using reflection are related to

the test prpcedure and verifications will be described in it.

9.4.2 Amplification system

9.4.2.1 |General

Ultrasonif testing is often based on the evaluation of aniplitude values that can be quantitatively altered by

a default jn the amplification system due to either:

— asatyration of elementary signals;

— asatyration of summed signals;

— anonflinearity of the amplification System.

Summed [signals are obtained either by delaying and summing elementary signals (summed A-scan for

phased afray technique) or by synthetic focusing by coherent summation of elementary signal amplitudes

(summed| amplitudes for TFM-technique). Then the summed signals are displayed as summed A-scan

presentatfions (for phasedarrdy technique) or in an image (for phased array technique or TFM technique).

The sumiation of multiple elementary signals may be performed analogue or digital, dependipg on the

design of the instrument (AD-converter, amplifier, processing):

— In al] cases,\for phased array instruments and TFM instruments, there is a risk for satyration of
summed signals, especially in case of high gain setting, strong ultrasonic signals (e.g. large ref{ectors) or
summation over a large number of channels;

In case all or most elementary signals are saturated, the linearity of the summed signals will deviate;

In case only one or a few elementary signals are saturated (e.g. 1 out of 16), the linearity of the summed
signals may be acceptable because of the limited influence of the saturated signals (e.g. 1/16). The
influence can be so small that there is no measurable effect on the linearity of the summed signals and
the system meets the acceptance criteria.

Typically, the elementary signals are not available to the operator, so the operator cannot perform a
verification of elementary signals. Then the linearity of the amplification system can only be verified
simultaneously with the displayed summed signals.

© IS0 2024 - All rights reserved
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The following subclauses describe the procedures for verification of absence of saturation of signals and
linearity of the amplification system:

a)

b)

The verifications shall be performed on the presentations and with the settings (including sensitivity on
arelevant reference reflector) that are to be used in the actual testing of objects, by using:

1) The echo height displayed in an A-scan presentation.
2) The amplitude value displayed in an image, selected with a cursor or a box.
3) The echo height measured in a gate, displayed as a numerical value.

[f available on the instrument, the indication function for the absence of saturation of elementary signals
shall peused{54225-

Depending on the maximum summed signal amplitude value that can be displayed by the\instfument:

1) Ifthe maximum summed signal amplitude value is 100 % of the full screen height (FSH), the vertical
linearity shall be verified according to 9.4.2.3.1.
2) the maximum summed signal amplitude value is higher than 100 %;0f)FSH, e.g. displayed as a
plue, the vertical linearity shall be verified up to this maximum amplitude value acdording to
4.2.3.2.

O < =

3) 'Tfhe verification of summed signals shall also be performed in(Case the instrument indifates that
the elementary signals are not saturated.

In case n¢ absolute amplitude values are used in the evaluation of test objects, it is still recommended to

verify thel correct operation of the amplification system.

9.4.2.2 [Absence of saturation of elementary signals

Phased arfray instruments and TFM instruments canhave an indication function for saturation of elementary

signals.

If saturatlon of elementary signals is indicated;the operator shall take appropriate measures.
9.4.2.3 |Absence of saturation of summed signals and linearity of the amplification system

9.4.2.3.1| Procedure for verification of linearity up to 100 % of FSH

For preseptations with a makimum summed signal amplitude value of 100 % of full screen height [FSH):

a)

b)

Apply the settings thatare to be used in the actual testing of objects (including sensitivity), sef and note
the tjansmitter yoltage.

Positjon theprebe to visualize the echo from the reflector considered.

The reflector to be used for this test shall be the same as the reflectors used in 9.4.3.2 and 9.44.2.

Adjust the gain so that the summed signal corresponds to 80 % of the full screen height (FSH).
Note the value of the calibrated gain control (dB).

Then increase the gain by 2 dB and confirm that the signal rises to approximately 100 % of FSH.
Retrieve the initial value of gain and then decrease it by 6 dB and then by an additional 6 dB.

Confirm that the signal drops to approximately 40 % then to 20 % of FSH according to Table 7.

© IS0 2024 - All rights reserved
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9.4.2.3.2 Procedure for verification of linearity above 100 % of FSH

For presentations with a maximum summed signal amplitude value higher than 100 % of full screen height
(FSH), e.g. displayed as a value when gates or images are used, the linearity of the displayed amplitude shall
be verified up to the maximum amplitude value, i.e. above 100 % of FSH:

a) Apply the settings that are to be used in the actual testing of objects (including sensitivity), set and note
the transmitter voltage.
b) Position the probe to visualize the echo from the reflector considered.
The reflector to be used for this test shall be the same as the reflectors used in 9.4.3.2 and 9.4.4.2.
c) Adjuqtthe gaimr 3o that the Sumimed Signal COrTesponds to 80 9% of the maximum possibie amplitude
value|of the used presentation.
d) Note fhe value of the calibrated gain control (dB).
e) Thenlfincrease the gain by 2 dB and confirm that the signal rises to approximately 100 % of the maximum
possiple amplitude value of the used presentation.
f) Retrigve the initial value of gain and then decrease the gain in steps of 6 dB:
g) Confifm that the signal amplitude falls to approximately the expected amplitude value acdording to
Table|8.
9.4.2.4 [Acceptance criteria
a) Ifthe|instrument has an indication function for saturation‘of elementary signals, the indicatiop function
for saturation of elementary signals shall have given ne'warning.
b) The linearity of the summed signals in presentations up to 100 % of FSH shall comply with Table 7.
¢) Theljnearity of the summed signals in presentations above 100 % of FSH shall comply with Tgble 8.
d) Ifthe|criteria are not met, a solution may/beto decrease the transmitter voltage.
Tjable 7 — Acceptance criteria for the linearity of summed signals up to 100 % of FSH
Gain setting Expected amplitude Limits
(dB) (% of full screen height) (% of full screen height)
+2 101 Not less than 95
0 80 (Reference value)
-6 40 37 to 43
=12 20 17 to 23
Table 8 =— Acceptance criteria for the linearity of summed signals above 100 % of FSH
Gaifrsetting————————Expected-amplitude-value Limits
(dB) (% of maximum value) (% of maximum value)
+2 101 Not less than 95
0 80 (Reference value)
-6 40 37to43
-12 20 17 to 23
-18 10 8to12
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9.4.3 Verification of correct operation by using imaging

9.4.3.1

General

Phased array and TFM systems offer the possibility to visualize acquisition data on reconstructed 2D images
in the deflection plane (e.g. L-scan presentations, S-scan presentations, TFM images), except for mode 1 and
mode 2 example b.

Other presentations can also be available which are not in the deflection plane (e.g. C-scan presentation,
top view, side view). All these presentations are generated through algorithms specific to the instrument

assessed.

The imag
including

These algorithms are not intended to be checked in this document.

nodcucad o unrifirthn cosnodt Aot i b ot oot oo Al gt b o ot o
HE 5 H5eato- vy e Cor e et operatio Ot Comprece-Sy Steateoratgto—+ne-5ectlt

position of the index point, angle of refraction for phased array techniques or probe pe

TFM settings for signal processing techniques.

The test gompares the position of indications displayed in the 2D ultrasonic image in the deflect
with the gctual position of side-drilled holes at different depths and distances in the reference blo

The verification by using imaging requires enough shots to produce a usable 2D iniage.

a) Thetg¢stshall be performed on areference block with side-drilled holes of 3imm diameter at differg

1) For a planar test surface, a test block according to ISO 19675 maybe used.

2) Hor a 0° electronic linear scanning, the side-drilled holes shall not be vertically aligned.

3) 1

a shaped wedge is used, the test block shall be adapted accordingly and have at least

drilled holes at different depths.

b) For matrix array probes generating beams with skewangles, the verification by using imagin

perfo|

Irmed in the extreme and median deflection planes by optimising the probe direction on a

blockjwith side-drilled holes (9.4.5).

9.4.3.2

9.4.3.2.1

Procedure

General

For each 4elected mode of operation for phased array technique, or TFM mode:

a) SettHe instrument accordingto the sound velocity of the reference block.

b) Posit

on the probe on“the reference block to display the indications of at least two reference

locat¢d at different,depths and distances in the 2D ultrasonic image.

NOTE

Thedifferent depths and projected distances can be achieved with different probe position

¢) Adjudt the probe position to optimise the indications in terms of amplitude and position in thq

Itis
from

1gs applied,

Eition and

ion plane
k.

nt depths.

two side-

g shall be
reference

reflectors

.

image.

the dges f te image.

dugh away

d) Measure the position X; of the front face of the probe using a ruler to a reference point, e.g. the corner of
the test block (Figure 3).

e) Setthis position X; in the instrument (often called index offset).

f) For matrix array probes generating beams with skew angles, repeat steps b) to e) by maximising the
amplitude of indications at extreme and median deflection planes by optimising the probe direction.

g) Compare the position of each indication in the image to the position of the corresponding reflector in
the block, either by the plot method (9.4.3.2.2) or the measurement method (9.4.3.2.3).
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X1

A ;

(]
N
o\
Key
0  refergnce point X; distance between the centre of the referenge reflector
and the reference point
X; probeposition from the reference point Z. depth of the centre of the reférence reflectqr from the

reference point

Figure 3 — Distances on a test block

9.4.3.2.2| Verification via the plot method

This plot method may be used if the instrument allows the supérimposition of the reference block drawing
(e.g. a CAD file), as shown in Figure 4, including the annular bands around each side-drilled hole s defined

in Figure b.
Take into pccount that the reflection occurs at the surface'of the side-drilled hole, not at the centre df the hole.

In this w4y, it can be verified that the maximum amplitude points on the 2D ultrasonic image are{correctly
positionefl with respect to the position of all the considered reference reflectors.

—

e

Key
1  refergnce reflectors 2 maximum amplitude points

Figure 4 — Verification via the plot method
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Key

1  side-drilled hole

2 beamfaxis (only for the phased array technique) through the point of maximum amplitude M of the indicption
3 contopr of the indication of the reference reflector

4 tolerance from the surface of the reflector

C centrg¢ of the reference reflector (X;; Z;) (according to Figure 3)

M  positipn of maximum amplitude of the indication (Xy; Z) (accordingtoFigure 6)

Figure 5 — Tolerance for position of ntaximum amplitude

9.4.3.2.3| Verification via measurement
Alternatiyely to the plot method:

a) Record (e.g. using measurement cursors)\the coordinates (Xy; Z) of the maximum amplitude jpoints for
each pf the reflectors displayed, as shown in Figure 6.

Key

Xy distance of the maximum amplitude from the reference point
Zy depth of the maximum amplitude from the reference point

0 reference point
Figure 6 — Verification via measurement

b) For each reflector, measure or calculate the distance D¢y (see Figure 5) between the centre of the side-
drilled hole and the maximum amplitude point either by using cursors, if possible with the system, or

using Formula (2):
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Do = (Xe Xy /2 +(Zc 2y |

9.4.3.3

Acceptance criteria

a) Forall cases:

1) E

ach indication shall be located at the probe side of the centre of the hole

(2)

2) The position of maximum amplitude shall be located in an annular band as defined in Figure 5,

3) Or the distance D¢y shall be approximately equal to the radius r of the side-drilled holes.

b) Thet
1) H
2) H
3) H

9.4.3.4

The settifgs and results of the tests shall be recorded on or appended tothe system record sheet.

9.4.4 V

9.4.4.1

Asanalte
is given ir

Only one

This seco
9.4.4.2

9.4.4.2.1

plerance in Figure 5 (half the width of the annular band), or the value |D; - r| shall notg
or frequency f= 5 MHz: 0,75 mm;

or frequency fwith 2 MHz < f<5MHz: 1 mm;

or frequency f< 2 MHz: 1,25 mm.

Reporting

prification of correct operation by using beams

General

Fnative to the method based onimaging describedin 9.4.3, a second method based on meag
this clause.

bf these two methods shall be applied.

hd method is only applicable for the'phased array technique.
Procedure

General

It is remi
of the pr

a) For
or m
Table]

The n

ded that for the pliased array technique, the probe index point position is not an intring
e as it is for single-transducer probes.

xceed:

urements

ic feature

plicationszusing 0°-electronic linear scanning (specific settings of mode 1, mode 2.b, mode 3

de 4.b dccording to Table 3) the probe index points shall be checked for the beams sg
4.

ecified in

héasurement technique to be applied is described in 9.4.4.2.2.

b) For applications using inclined beams, the angles of refraction and probe index points shall be checked
for the beams specified in Table 4.

Two measurement techniques are possible. The most appropriate of the two procedures shall be applied:

1) Determination of probe index point first, and then angle of refraction (9.4.4.2.3).

2) S

imultaneous determination of probe index point and angle of refraction (9.4.4.2.4).

c¢) For matrix array probes generating beams with skew angles, the angles of refraction and probe index
points shall be determined in the extreme and median deflection planes by optimising the probe
direction on a reference block with side-drilled holes (9.4.5).
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9.4.4.2.2 Technique for 0°-electronic linear scanning — Determination of probe index point

To determine the probe index points for straight beams:

a) Usea

reference block with at least one side-drilled hole.

The depth of the side-drilled hole shall be in the range of the focal zone depth (for focused beams) or
larger than the near field length (for non-focused beams);

b) Adjust the position of the probe to maximise the echo amplitude from the side-drilled hole.

When the amplitude is at its maximum, the probe index point is vertically aligned with the centre of the
side-drilled hole.

c¢) Repe

9.4.4.2.3

angle of efraction

a) Tode
axisi

it step b) for the beams specified in Table 4.

Technique 1 for inclined beams — Determination of probe index point first,'and t

5 marked on at least one side of the reference block as shown in Figure 7.

1

hen

termine the probe index point, use a reference block with a quarter of a cylinder where the cylinder

Key
1  cylinder axis
2 quarter of cylinder
Figure 7 — Reference block with quarter of cylinder and axis engraved
1) For focused beams, the radius of the cylinder shall be in the range of the focal zone.
2) For non-focuised beams, the radius of the cylinder shall be larger than the near field length of the
artivegperture considered.
An edtimation of the near field length N associated with the active aperture may be obtaihed using
Formula (3) or Formula (4):
N = DZ/(42) 3)
N = (L? + W2)/(42) 4)
where
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is the diagonal of the active aperture in millimetres;
is the length of the active aperture in millimetres;

is the width of the active aperture in millimetres;

>)§hb

is the wavelength in the material of the reference block in millimetres.

3) Adjust the position of the probe to maximise the echo amplitude from the cylindrical surface. In
this position, the probe index point coincides with the engraved centre line of the quarter of the

cylinder.
4) Determine and note the position of the probe index point (e.g. by marking the index point on the wedge)
b) To determine the angle of refraction, a reference block featuring a side-drilled hole at a kngwh position
shall pe used.
This block may bear on one side a scale of the radial angle to the centre of the hole((Figure 8).
1) For focused beams, the side-drilled hole shall be in the focal zone;
2) For unfocused beams the side-drilled hole shall be at the near field length or beyond;
3) Position the probe on the reference block and look for the echo sént back by the side-drilldd hole.
4) Move the probe backward and forward so as to maximize the;amplitude of the signal.
5) When the amplitude is at its maximum, determine the angle of refraction either by calculation or by
reading on the scale on the block below the measured:probe index point.
2
Key
1  side-drilled hole
2 scale pfradial angle
Figure:8 — Reference block with a side-drilled hole and an angle scale on one side

9.4.4.2.4 Technique Z Tor inclined beams — Simultaneous determination of probe index point and
angle of refraction

This method requires the use of a reference block featuring at least four side-drilled holes at different depths
(aligned vertically or not), as shown in Figure 9.
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dy
93
a2
dq Xs
N ag -
d1 (/ as -
d, a, -
2 g/ //
aq—
o | | | | -
S ody d; dgdy
a) Test setup b) Plot of test results
Key
X, distarjce between probe front and probe index point a; reduced projected’sound path length
0 slopef beam angle d;  depth posijtion of the side-drilled hole
Higure 9 — Simultaneous determination of angle of refraction and probe index point

a) Look|for the maximum amplitude for the direct echo coming from each hole using A-Scan prgsentation
for a given shot.

b) In eag¢h case, measure the reduced projected patllength (a;) between the orthogonal projectlion of the
axis df the hole on the test surface and the front surface of the probe (with a ruler).

c) Plot the depth (d;) of the holes against these distances (g;) on a scale drawing of a section thfough the
refer¢nce block and draw a straight lifiethrough the points.

d) Graphically determine both the probe index point and beam angle simultaneously:
1) The position of the probé index point corresponds to the distance X; in Figure 9 b)
2) Thhe angle of refraction; ®, shall be calculated using Formula (5):

g = arctan((a; ~@)7(d; - d,)] (5)

9.4.4.3 [Acceptance criteria

a) Probe¢ index points shall be within +1 mm of the base values.

b) For angles of refraction up to 65° the measured angles of refraction shall be within +2° of the values
specified in the settings of the delay laws.

c¢) Forangles ofrefraction greater than 65° the measured angles shall be within £5° of the specified values.

9.4.4.4 Reporting

The settings and results of the tests shall be recorded on or appended to the system record sheet.
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9.4.5 Skew angle

9.4.5.1

General

a) For matrix array probes generating beams with skew angles, the skew angles shall be determined in the
extreme and median values.

b) One of three different methods shall be applied to evaluate the skew angles:

1) with areference block with side-drilled holes as described in ISO 22232-2;

2) with areference block with a corner reflector;

3) W

9.4.5.2
Use one o

Maximise
the probe|

9.4.5.3

The meas

9.4.5.4

rith an electromagnetic-acoustic receiver as described in ISO 22232-2;

Procedure
[ the methods described in 9.4.5.1 b).

the signal from the selected reflector by swivelling the probe, and detepymine the skey

Acceptance criteria

ured skew angle values shall be equal to the values specified;to +4°.

Reporting

The settifggs and results of the test shall be recorded on orappended to the system record sheet.

9.5 Oth
951 S

9.5.1.1

It is rem
misalignn
or an inte

a) Thes
b) Oned
1) W
2) W

ler verifications
quint angle

General

nded that the squint angle'is typically not intended (e.g. due to an unintended m
hent of a transducer on @ wedge) whereas the skew angle is a setting (e.g. an electronic s
hded mechanical origntation of the probe on the object to be tested).

quint angle of the-probe shall be determined without applying any skew angle.
f three diffetent methods shall be used to evaluate the squint angle of the probe:
rith a reference block with side-drilled holes as described in [SO 22232-2;

ritli'a reference block with a corner reflector;

v angle of

echanical
kew angle

3) withan electromagnetic-acoustic receiver as described in SO 22232-Z;

9.5.1.2

Procedure

Use one of the methods described in 9.5.1.1 b), maximize the signal from the selected reflector by swivelling

the probe

9.5.1.3

The meas

,and determine the squint angle of the probe.

Acceptance criterion

ured squint angle shall be equal to the value specified to +2°.
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9.5.1.4 Reporting

The settings and results of the test shall be recorded on or appended to the system record sheet.

9.5.2 Grating lobes (recommended)

9.5.2.1 General

When p > 1/2 (A being the wavelength in the first propagation medium and p the pitch of the array), grating
lobes may be formed which can hinder detection or characterization by the main beam.

Therefore, this test is recommended whenever p > 1/2 and when beam steering is required.

One of the

a)
b)

)

with
with

using

9.5.2.2

The folloy
of the sa

a)

b)

9

following methods shall be used to evaluate the grating lobes of a beam:
h reference block with side-drilled holes;
hn electromagnetic-acoustic receiver as described in ISO 22232-2;

simulation software.

Procedure

ving sequence shall be used to determine the signals from the selected reflector at differ

Scan the probe over the surface of the reference block, or s¢an‘the cylindrical surface of the &

thee

Plot t
acous

Recoi

9.5.2.3

The accep

9.5.2.4

e beam.

ectromagnetic-acoustic receiver and measure the signal received.

he amplitude of the signal against the probe position, or the scanning angle of the electro
tic receiver.

d the local maximum amplitudes and the associated angles.

Acceptance criteria

tance criteria depend on the application.

Reporting

The settifggs and results of the'test shall be recorded on or appended to the system record sheet.

ent angles

lock with

magnetic-

10 System recordsheet

The system recordssheet shall include at least the following information:

a) date ¢f the test;

b) International Standard used, including its year of publication;

c) type and serial number of the reference system and the tested identical system (instrument, probe and
cables);

d) reference block(s) used;

e) software version used;

f) used channels of the instrument or used part of the array and specific settings for a given mode of
operation;

g) tested parameters and the settings (e. g. transmitter voltage, gain, filters);
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test results of the reference system (base values);

results of the tested system and periodical check compared with base values, and compliance with
acceptance criteria;

name, qualification and dated signature of the test personnel.
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Annex A
(informative)

Characterization of sound beams

A.1 General
a) Char
1) obe index point (for contact technique) or point of incidence on the test object (for i
technique);
2) apgle of refraction for angled beams;
3) spnsitivity along the beam axis (e.g. distance-amplitude curve);

4) beam dimensions in the area of interest;

5)

n

6) grating lobes (measurement and simulation are recommended, if suspected).

b) Depe

and/¢r shots (Table 4).

c) Neve

additjonally to characterize the beams of all the-active apertures of the application affect
presgnce of those dead elements and compare.these beams to the beams of active aperturg

dead

d) Thes¢ additional characterizations mayBe skipped in any of the following cases:

1) t

(@]

2) alsoftware simulation has.shown that, for the given application, the dead elements have no
o[: the beams compared’to the beams generated with all elements working properly;
a

3)

A.2 Be

A21 G

o o

Huint angle for contact technique;

nding on the mode of operation, beam characterizationshall be carried out on a subset of

'theless, when the array probe includes dead, elements, for Modes 3, 4, 5 and 6, it is

clements.

he number of dead elements and their element numbers on each active aperture of the a
pmplies with the acceptance-criteria of 9.3.3.6;

experimental.simulation of dead elements has been performed by switching off one o

eams compared to the beams generated with all elements working properly.

ham‘characterization for the contact technique

mmersion

hpertures

hecessary
ed by the

s without

bplication

influence

 multiple
ements and/has’'shown that, for the given application, the dead elements have no influefice on the

eneral

Tests may be performed with devices for automated movements of the probe.

a) Tests

shall be performed with the parameters identified for the application.

b) Before each determination of a parameter, check the amplification system (9.4.2).
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¢) Depending on the settings available on the instrument used, beam characterization may be performed
by applying one set of parameters which produces all the beams or by successively applying the settings
that will produce each beam.

For example, in the case of electronic sectorial scanning, it is possible to characterize the beams
corresponding to the extreme and median delay laws:

1) by application of a single set of parameters corresponding to the electronic sectorial scanning and
carrying out measurements on each of the three beams of the sectorial scanning, or

2) byapplication of three sets of parameters and carrying out measurements on each of the three beams.

d) Inthe case of wedges or delay lines with a flat contact surface, flat reference blocks shall be used.

e) In the case of wedges or delay lines with a contoured contact surface, reference blocks with

the same

rice, using
sponding

distance-
strument

ly suitable

contdur shall be used.
A.2.2 Apgle of refraction and probe index point
See 9.4.4.p.
A.2.3 Sensitivity along the beam axis
A.2.3.1 [General
a) For contact technique, the test shall be performed manually orWwith an automated scanning dey
equal reflectors at different distances, by recording the amplitudes of the echoes and the corrg
soundl path.
If thelinstrument supports an automated recording ofthe sensitivity along the beam axis, like a
amplitude curve or an automated correction feature like time-corrected gain (TCG), this if
featufe may be used for the characterization of the' beam.
b) The TCG depends on the application and shall'be verified following the test operating procedulre.
c) Alterhatively, the sensitivity along the-beam axis may be determined and documented manually.
d) The tpsts require the use of a refefience block with reflectors in the area of interest.
Side-{Irilled holes are recommended as shown in Figure A.1.
NOTE Planar reflectors (like flat-bottomed holes) can be used but are less practical because they are o7
for beam angles that impinge-perpendicular on the reflector.
1
2 Zz
/N AN/ AN

Key

1  side-drilled holes

Figure A.1 — Example of a reference block with equal diameter side-drilled holes
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