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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval criteria needed for the dlfferent types

of ISO documen

ISO/IECD

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

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

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
prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

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

Organizat

This docu
SC 3, Ultr:
Committe
between

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

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

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by ISO Technical Committee*TC 135, Non-destructive testing, Subcommittee
isonic testing, in collaboration with the European Committee for Standardization (CEN){Technical
e CEN/TC 138, Non-destructive testing, in acgérdance with the Agreement on technical copperation
SO and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 18563-2:2017), which has been t¢chnically

revised.

The main
— termi
— thew

Alistof a

changes are as follows:
nology and types of array;probes modified according to ISO 23243;
ording ‘measuremeént”is replaced by ‘determination’ or ‘evaluation’, where applicable.

| parts in the ISQ-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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International Standard ISO 18563-2:2024(en)

Non-destructive testing — Characterization and verification
of ultrasonic phased array equipment —

Part 2:
Array probes

1 Scope

This docyment specifies characterization tests to be performed at the end of the fahrication of an array
probe. It defines both methodology and acceptance criteria.

This docfiment is applicable to the following array probes used for ultrasonic-hon-destructiye testing
[phased grray technique or signal processing technique, e.g. full-matrix captuye (FMC) and total-focusing
techniqug (TFM)] in contact technique (with or without a wedge or delay.lifie) or in immersion technique,
with centfe frequencies in the range 0,5 MHz to 10 MHz:

a) array|probes with elements in one direction:
— 1tD-linear array (linear array);
— 1iD-curved array;
— apnular array;

b) array|probes with elements in two directions:

— 2rD-array (matrix array);

wn

ectorial annular array;
— plartial sectorial annular array

This docfiment does not give_methods and acceptance criteria to characterize the performahce of an
ultrasoni¢ phased array instrument or the performance of a complete system, which are given in I§0 18563-
1 and in I$0 18563-3.

2 Normative references

The folloying documents are referred to in the text in such a way that some or all of their content cpnstitutes
requiremgntS$.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 2400, Non-destructive testing — Ultrasonic testing — Specification for calibration block No. 1
[SO 5577, Non-destructive testing — Ultrasonic testing — Vocabulary

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

3 Terms and definitions

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

© IS0 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1
array probe data sheet
document giving technical specifications of the same type of array probes

3.2

array probe test report
document giving the determined values of the required parameters of one specific array probe, including
test equigment and test conditions

4 Quantities and symbols

A full list pf the quantities, units and symbols used throughout this document is givensin'Table 1.

Table 1 — Quantities, units and symbols

Symbol Unit Meaning

Act dB Inter-element cross-talk attenuation

fo Hz Centre frequency

fu Hz Upper cut-off frequency at -6 dB

fi Hz Lower cut-off frequency at -6 dB

Af Hz Fredquency bandwidth
Af ol % Relative bandwidth

Sel dB Relative pulseiécho sensitivity variation of each element
Spr dB Array probe sensitivity

V v Arithmetic mean of V;

Ve \% Amplitude of reflector echo of each element
Vexe \Y% Amplitude of excitation burst

Viec \Y% Amplitude received by an adjacent element
Vet \% Amplitude of reference exciting signal

5 General complianee
The array| probe shall Be'in accordance with the following requirements:

a) An afray probé data sheet shall be available corresponding to the array probe which spgcifies the
perf:Lmance criteria in accordance with Clause 6.

b) The

raiz probe shall complyv with Clause 8
v r—J [ttt

c) The array probe shall be clearly marked to identify the manufacturer and shall either carry a unique
serial number or shall show a permanent reference number from which information can be traced to the

array probe data sheet.

d) An array probe test report shall be delivered together with the array probe, giving the determined
values of the required parameters of one specific array probe, including at least the technical
information given in Clause 6, the used test equipment and its settings according to Clause 7 and all test
results according to Clause 8.

e) A statement of conformity shall be available, issued by either the manufacturer, by the purchaser or by a
third party that could be a test laboratory.

© IS0 2024 - All rights reserved
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6 Technical information for array probes

Technical information listed in Table 2 shall be supplied with the array probe. Optional technical information
is listed in Table 3; details of the measurement or determination shall be given by the manufacturer.

Table 2 — Required information to be given in an array probe data sheet or array probe test report

Required information Information type Comments
Trade name Ol —
Identification (o) Serial number, reference
Array probe type Ol —
Atray probe dimensions 0] Oufer dimensions
Shape, orientation, arrangement, dimen-
Geometry of the array 0l sion, pitch, space between-elements and
element difmensions
Type of connector ] Commergcial name
Wiri Details of connéctions betweer] elements
iring plan Ol
and connector
Cable oI Cable length, outer dl_ameter and outer
material
Dimensipns, geometry and material of integrated oI Onily valid for contact probgs with
wedge or delay line integrated wedge or delay line
. E.g. housing material and shape of the
Physical aspects (o)1 contact face: see 8.2
Nominal frequency, nominal relative bandwidth, oI .
nominal pulse duration
Freqpency, bandwidth and pulse duration M Determined for each element} see 8.4
Average centre frequency, average )
barjdwidth and average pulse duration Calculated for the array probg; see 8.4
Relative pulse-echo sensitivity M See 8.3
Nominal array probe sensitivity Ol —
Array probe sensitivity M See 8.5
Nominpl inter-element cross-talk attenuation 0l Minimum value of the inter-g lement
cross-talk attenuatior
Maximum allowable squint angle (for contact oI Maximum value of the squint a;lzgle with
probes only) indication of the plane of reference
Maximum amplitude of the badking echo
Hcho from the tyansducer backing 0l compared to a reference echo (dB differ-
ence)
Environfnental conditions oI E.g. temperature range, humidity, seal-
ing, pressure
EquipmeTt and procedure reference used for char- oI .
acterization tests
Special conditions ol E.g. for storage, for protection during
transportation

Key
M = measurement or determination

OI = other information

© IS0 2024 - All rights reserved
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Table 3 — Optional technical information to be given

Optional information Information type Comments
General drawing and tolerances 0l —
Inter-element cross-talk attenuation M Determined cross-talk attenuation corre-
sponding to the array probe; see 8.6
. Measured squint angle with
Squintangle (for contact probes only) M indication of the plane of reference
Echo from the transducer backing M Amplitude of the backing ecl_lo compared
to areference echo (dB difference)
Key
M = measufement or determination

OI = other information

7 Testlequipment

7.1 Electronic equipment

a) The gquipment used for the tests specified in Clause 8 shall be stated in‘the array probe test report.

b) The dquipment shall be checked periodically.

c¢) The tiltrasonic instrument (or laboratory pulser-receiver) shall comply with 1SO 22232-] or with
[SO 1B563-1, if applicable.

d) Testipg shall be carried out with the probe cables andgmatching devices specified on the arfay probe
data sheet.

e) In addition to the ultrasonic instrument or: laboratory pulser-receiver, the following glectronic
equigment or its equivalent is essential to test array probes in accordance with this documentj:

1) ap oscilloscope with a minimum analogue bandwidth of 100 MHz;

2) al frequency spectrum analyserwith a minimum bandwidth of 100 MHz or an osfilloscope
plerforming Fast Fourier Transform (FFT).
7.2 Tedtsetup
7.2.1 General
a) Array probes can‘be used in contact technique (with or without a wedge or delay line) or in ilmmersion
techrfique. Depending on this, the performance tests shall be carried out under corrg¢sponding

condi

b) Details-ofthe test block (geometry, material, reflector type, shape and position, sound velocit}
statedun’the arravy prnhp test report

ions.

/) shall be

¢) For partial sectorial annular array probes, the tests shall be performed directly on a flat reflector.

7.2.2 Contact technique

a)
delay

line.

If the wedge or delay line can be removed, the tests shall preferably be performed without the wedge or

b) Without wedge or delay line: a block of the material to be tested shall be used so that the total sound
path is the same for each element.

9

If no material is specified, a block of steel grade according to ISO 2400 shall be used.

© IS0 2024 - All rights reserved
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d) With wedge (integrated or not integrated): a block of the same material as the wedge and proper

dimensions shall be used so that the total sound path is the same for each element.

7.2.3 Immersion technique
a) Tests shall be carried out in immersion fluid using a defined reflector.

b) Ifno fluid is specified, water shall be used.

8 Performance tests for array probes

8.1 Gemperal

Performahce tests shall be performed at the probe connector once the array probe is completéely a

It should e noted that acceptance criteria are only valid under the test conditions defined for the c
array prope.

For array| probes with elements in two directions, a limited number of elements’which do not]
criteria isacceptable. The criteria are specified in 8.7.

8.2 Physical aspects

8.3 Relative pulse-echo sensitivityvariation

8.3.1 General

The detefmination of the relative pulse-echo sensitivity shall be carried out on all elements of
shape and size.

a) The determination shall be performed in transmit-receive mode using a setup according to 7.2.

5sembled.

bnsidered

fulfil the

ray probe

the same

D

b) The trabsmitter pulse shall be a negative spike pulse or a negative square pulse. In case of 3

| negative

square pulse a pulse duration of half the period corresponding to the nominal probe frequency is

recommended.

c¢) The echo of the reflector shall be placed in a time window, the duration of which is at least
echo pulse duration measured at -20 dB of the echo amplitude.

twice the

d) The amplitude in volts, V), of the reflector echo of each element shall be measured and recorded.

e) The arithmetic mean value, V,,, of the V,; amplitudes shall be calculated and recorded.

f) The relative pulse-echo sensitivity variation, S, of each element shall be calculated using Formula (1):

© IS0 2024 - All rights reserved
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V.
201g—<!

av

8.3.3 Acceptance criteria

8.3.3.1

a) The relative pulse-echo sensitivity variation, S

Array probes with elements in one direction

el

elements having the same size and shape.

b) For 1-D-curved arrays, the variation over all the elements shall be within +4 dB.

e8]

over all the elements shall be within +3 dB for all

8.3.3.2
a) Forp

b) Fora
Sep OV

Table 4 -

8.4 Freaquency, bandwidth and pulse/duration

841 G

Evaluatio
according

842 M
a) Thee
b) The ¢

Array probes with elements in two directions
hrtial sectorial annular arrays, the variation over all the elements shall be within'+4 dB.

1 other array probes with elements in two directions, the relative pulse-echp.sénsitivity
rer all the elements shall be as given in Table 4.

— Acceptable relative sensitivity variation for array probes with.elements in two d
Frequency Element area = 1 mm?
(MHz) ns 64 64<n=128 128 <n =512

05=f=1 +5dB +5dB +5dB

1<f=15 +4 dB +4. dB +5dB

1,5<f=5 +3dB +4 dB +5dB

5<f=10 +4 dB +5dB +5dB
Elemnent area < 1 mm?

0,5=f<10 £5 dB | +5 dB +5 dB

n: total number of elements.

eneral

hs shall be done for each’element of the array probe, excluding elements that are out of spe
to 8.3.3.

ethod
valuation.shall be performed in transmit-receive mode using a setup according to 7.2.

valiation shall be performed under the same conditions as those for 8.3.

variation,

rections

cification

c¢) Thef

requency spectrum shall be determined on the signal 1n the used time window.

d) The frequencies intersecting the spectrum at -6 dB of the maximum amplitude of the spectrum shall be

deter

mined.

e) From the upper and lower cut-off frequencies, f, and f}, obtained, the centre frequency, f,, shall be
calculated using Formula (2):

o futh

2

f) The bandwidth shall be calculated using Formula (3):

© IS0 2024 - All rights reserved
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A =fu=h (3)

g) Therelative bandwidth shall be calculated in % using Formula (4):
Afiel = (g ]x 100 (4)

fo

h) The average centre frequency as the average of the calculated f, values shall be recorded.

i) The average relative bandwidth as the average of the calculated Af,, values shall be recorded.

j) The echo pulse duration shall be measured at -20 dB of the echo amplitude.

k) The average echo pulse duration shall be calculated and recorded.

8.4.3 Agceptance criteria

a) The average centre frequency shall be within #10 % of the nominal frequency stated in the array probe
data gheet.

b) The dentre frequency of each element shall be within #10 % of the average-eentre frequency.

c¢) The dverage relative bandwidth shall be equal to or larger than the relative bandwidth stated in the
array| probe data sheet.

d) The average pulse duration shall be smaller than or equal to the pulse duration stated in the arjray probe
data gheet.

8.5 Arnay probe sensitivity

8.5.1 General

a) Evaldations shall be done to compare array probes of the same design.

b) For drray probes manufactured in §maller quantities (<10), no acceptance criteria for array probe
sensifivity are specified in this document.

8.5.2 Method

a) The ¢gvaluations shall bejperformed under conditions as those for 8.3.

b) The reference excitdtion signal amplitude, V.., shall be determined with one channel of the iffstrument
consifering one element connected.

c¢) The signal shall’be considered as the reference excitation signal used for all elements.

d) The average element sensitivity (arithmetic mean), V,,, over all elements shall be calculated (spe 8.3.2).

e) The array probe sensitivity, Spr shall be calculated using Formula (5):
Spr =201g Vay (5)

ref

8.5.3 Acceptance criteria

8.5.3.1

General

The following acceptance criteria are valid only for array probes based on the same design manufactured in
quantities = 10.

© IS0 2024 - All rights reserved
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8.5.3.2

The array probe sensitivity, S

8.5.3.3

The array probe sensitivity, S

ISO 18563-2:2024(en)

Array probes with elements in one direction

pr

Array probes with elements in two directions

pr

8.6 Inter-element cross-talk attenuation (optional)

shall be within +3 dB of the value stated in the array probe data sheet.

shall be within +5 dB of the value stated in the array probe data sheet.

8.6.1 General

The interfelement cross-talk attenuation shall be determined on two locations for an array with up to 64

elements pnd on four locations for an array with more than 64 elements.

8.6.2 Method

a) Theinter-element cross-talk attenuation shall be determined by exciting one elément selected randomly
and ejvaluating the signals received on the adjacent elements.
A network analyser can be used for a direct evaluation.

b) Whern the evaluations are performed using an oscilloscope, the excitation signal should be a $ine burst
of thg nominal frequency with a duration of at least six periods.

¢) The dross-talk attenuation shall be determined by connecting an oscilloscope or network analyser to an

adjac
1) 1
2) 1
d) The s
blocki
e) Inter{
Act
where
rec
exc
8.6.3 A

V,
+201g ¢

bnt element.
) case of a contact probe, the array probe’s matching face shall be in contact with a test b
1 case of an immersion probe, the array probe shall be immersed.

etup shall be chosen in a way that the(evaluation is not influenced by reflections frof
or from the immersion tank.

element cross-talk attenuation, 4y, shall be calculated as follows:

rec

is the voltagereceived by an adjacent element;

is thewoltage of the excitation burst.

cceptance criterion

ock.

h the test

(6)

The inter-element cross-talk attenuation according to Formula (6) shall be at least 25 dB.

8.7 Number of elements out of specification

8.7.1 General

This subclause defines the maximum allowable number of elements out of specification.

© IS0 2024 - All rights reserved
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