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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ISO 22232-2:2020(E)

Non-destructive testing — Characterization and
verification of ultrasonic test equipment —

Part 2:
Probes

1

Thi
foll

Scope

5 document specifies the characteristics of probes used for non-destructive ultrasonic te
wing categories with centre frequencies in the range of 0,5 MHz to 15 MHz/ focusing

focyising means:

a)
b)

Wh|
sted

single- or dual-transducer contact probes generating longitudinal and/or transverse wa

single-transducer immersion probes.

trapsverse waves.

Thi
site
If p
tim
par

Thi

2

Thd
con|
und

ISO
ISO
ISO

procedures are given in [SO 22232-3.

hrameters in addition to those specified indSO 22232-3 are to be verified during the
b, as agreed upon by the contracting parties, the procedures of verification for these
hmeters can be selected from those given in this document.

5 document also excludes ultrasonic phased array probes, therefore see ISO 18563-2.

Normative references

following documentsyare referred to in the text in such a way that some or all of th

ated references/the latest edition of the referenced document (including any amendmen
5577, Non-deStructive testing — Ultrasonic testing — Vocabulary
7963, Non-destructive testing — Ultrasonic testing — Specification for calibration block N

22232-1, Non-destructive testing — Characterization and verification of ultrasonic test eq

Par

t 1-Instruments

ere material-dependent ultrasonic values are specified~ia this document they are
ls having a sound velocity of (5 920 + 50) m/s for longitudinal waves, and (3 255 * 3

5 document excludes periodic tests for probes. Routine tests for the verification of probe

Stitutes requirements of this document. For dated references, only the edition cited 3

bting in the
or without

VES;

based on
0) m/s for

s using on-

brobe’s life
additional

bir content
pplies. For
[s) applies.

.2

uipment —

ISO/IEC 17050-1, Conformity assessment — Supplier's declaration of conformity — Part 1: General
requirements

3

Terms and definitions

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

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

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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3.1

horizontal plane
<angle-beam probes> plane perpendicular to the vertical plane (3.7) of the sound beam including the
beam axis in the material

3.2

peak-to-peak amplitude
difference between the highest positive and the lowest negative amplitude in a pulse

Note 1 to entry: See Figure 1.

Key
h
L

peak-tg
pulse d

3.3

probe data sheet

document

manufactt:[

Noteltoe

Note 2 to e
known befo]

3.4
probe test
document

2 /T\\]_[\ HEE q i ;/’\vl\vf\v <
< —\ U— I . Uv
L
-peak amplitude
Liration

Figure 1 — Typical ultrasonic pulse

giving manufacturer's technical specifications of the same type of probes, i.e. prg
ed in series

ry: The data sheet doés not necessarily need to be a test certificate of performance.

htry: For individudlly designed or manufactured probes, some parameters may not be accura
re manufacturing.

report
shewing compliance with this document giving the measured values of the requ

parameter

5 ofjone specific probe, including test equipment and conditions

3.5
reference

side

bes

tely

red

right side of an angle-beam probe looking in the direction of the beam, unless otherwise specified by
the manufacturer

3.6

squint angle for straight-beam probes
deviation between the beam axis and the line perpendicular to the coupling surface at the point of

incidence

Note 1 to entry: See Figure 2.
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XE
Key]
1 |ultrasonic straight-beam probe e offset
2 |EMA receiver 9 squint angle for.straight-beam probes
3 |echo point X. Y. coordinates of the centre of the probd
4 |hemicylindrical test block X coordinate of EMA receiver
Y, coordinate of the centre of the block

3.7
ver

IS0 22232-2:2020(E)

tical plane

Figure 2 — Squint angle and offsetfor a straight-beam probe

<arnlgle-beam probes> plane through the bean' axis of a sound beam in the probe wedge anfl the beam

axis

3.8
wes
maj

Not

i allowance

in the test object

e 1 to entry: Wear allowance is typically expressed in millimetres.

ximum wear of the probe contact surface which does not affect the performance of the probe

4 (Symbols
Symbol Unit Meaning
L us Pulse duration
h \Y Peak-to-peak amplitude
fo Hz Centre frequency
fu Hz Upper cut-off frequency
f Hz Lower cut-off frequency
Af Hz Bandwidth
Afiel % Relative bandwidth
S dB Pulse-echo sensitivity
N, mm Near field length
Fp mm Focal distance
Fy, mm Length of focal zone at -6 dB using a reflector or -3 dB using a hydrophone
Zp mm Focal point
W, mm Focal width on X-axis

© IS0 2020 - All rights reserved
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Symbol Unit Meaning
W, mm Focal width on Y-axis
Q ° Angle of beam divergence in X direction
Q, ° Angle of beam divergence in Y direction
X mm Probe index point
a ° Beam angle
) ° Squint angle for straight-beam probes

5 General requirements of conformity

An ultrasohic probe complies with this document if it fulfils all of the following requirements:

a) the probe shall comply with Clause 8;

b) a decldration of conformity according to ISO/IEC 17050-1 shall be available;

c) theulgrasonic probe shall be clearly marked to identify the manufacturer-and carry a unique sdrial
numbgr or show a permanent reference number from which information.can be traced to the data
sheet gnd probe test report;

d) a probe data sheet corresponding to the ultrasonic probe shall be available, which defines|the
performance criteria for the items given in Clause 6;

e) a probe test report shall be delivered together with the probe, which includes at least the fest
resultg given in Clause 6.

Table 1 surhmarises the tests to be performed on ultrasonic probes.

Table 1 — List of tests’for ultrasonic probes

Title of tde Manufacturer’s tesks
Subclause
Physical aspects 841
Pulse shap¢, amplitude and duration 8.2
Frequency gpectrum and bandwidth 8.3
Pulse-echo|sensitivity 8.4
Distance-amplitude curve 8.5
Beam pargmeters for\inimersion probes 8.6
Axial profile - Focal\distance and length of the focal zone 8.6.2.2
Transverse|profile = Focal width 8.6.2.3
Transverse|profile - Beam divergence 8.6.2.4
Beam profile by scanning means - Focal distance and focal length 8.6.3.2
Beam profile by scanning means - Focal width and beam divergence 8.6.3.3

© IS0 2020 - All rights reserved
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Table 1 (continued)
Manufacturer’s tests
Title of test
Subclause
Beam parameters for straight-beam single-transducer contact probes 8.7
Beam divergence and side lobes 8.7.2
Squint angle and offset for straight-beam probes 8.7.3
Focal distance (near field length) 8.7.4
Focal width 8.7.5
Lerjgth of the focal zone 87.b
Bedam parameters for angle-beam single-transducer contact probes 8.9
Index point 8.8.p
Bedm angle and beam divergence 8.8.B
Sqyint angle and offset 8.84
Fodal distance (near field length) 8.8.6
Fodal width 8.8
Ler|gth of the focal zone 8.8)
Beam parameters for straight-beam dual-transducer contact probes 89
Delpy line delay path 89.p
Fodal distance 89.B
Axipl sensitivity range (focal width) 894
Latpral sensitivity range (focal width) 8.9.p
Beam parameters for angle-beam dual-transducer'contact probes 8.10
Index point 8.1012
Bedm angle and profiles 8.1013
Wefge delay path 8.1014
Disfance to sensitivity maximum (focal distance) 8.10|5
Axipl sensitivity range (length of the focal zone) 8.10l6
Latpral sensitivity range (focal@idth) 8.1017
Crgsstalk 8.11
6 |[Technical information for probes
6.1 General
The test ‘Conditions and the equipment used for the evaluation of the probe parameters shgll be listed
(seq Table 2).

For individually designed or manufactured probes some parameters may not be accurately known
prior to manufacturing. In that case the measured values shall be used as reference values.

6.2

Probe data sheet

The probe data sheet gives the list of information to be reported for all probes within the scope of this
document (see Table 2).

6.3

Probe test report

The probe test report gives the measured values of the required parameters of one specific probe and
other information from the probe data sheet (see Table 2).

© IS0 2020 - All rights reserved
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The probe test report shall include the unique serial number or the permanent reference number to
provide a uniquely assignment between the specific probe and the probe test report.

Table 2 — List of information to be given in a probe data sheet and a probe test report

Information to be given dalt);(;llJ::eet Prr(:;;:);?t Comment
Manufacturer's name | I —
Probe type [ I —
Probe serial number — I —
Probe housing dimensions I I — N
Probe weight | I — nQV
Type of connectors | I — q/V
Connectorq interchangeability [ I Only for dual-transducer probéa/, '
Crosstalk I M Only for dual-transducer‘pq(qbéls
Transducer] material I I — ,.\‘ v
Shape and $ize of transducer [ I — \O)U
Roof angle pf transducers | I Only for dual-trpf(sghucer probes
Wedge matgerial [ I Only for ar;@-b\élam probes
Wedge deldy path I I Only for@ﬁfl)e-beam probes,
Delay line rhaterial I I Only‘f&\s\traight-beam probes
Delay line delay | I Oy}%r straight-beam probes,
Protection Jayer material I I N@V
Wear allowjance | I 0|® —
Pulse shap¢ I ‘Nh\v —
Frequency ppectrum [ . \UM —
Centre frequency | ‘\‘\(F M —

N
Bandwidth [ M —
Pulse duration &l ’ M —
Pulse-echo|sensitivity -Q\ I M —
Beam angle e -~ I M Only for angle-beam probes
Angles of djvergence A\%V | I Not for focusing immersion probes
Squint angle (\LO‘ [ I —
Squint offs¢t Q‘v | I —
Q‘(V Only for angle-beam probes
Probe index pOl é I I Alternatively the distance between the prpbe
index pointand the front of the probe can be given

Type of foc = ! I |
Focal distance or near field length I I —
Width of the focal zone I I Only for focusing probes
Length of the focal zone I [ Only for focusing probes
Operating temperature range [ I —
Storage temperature range | I —
DAC I — —
Distance-amplitude curve available I — —
Key
I information

M measurement

6
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Information to be given d Probe Probe test Comment
ata sheet| report
Used equipment | I
Test conditions [ I
Physical aspects — I —
Key
I information
M qregsurenernTt

7

7.1

Thd
be ¢

Wh
oft

Tes
pro

NOT

Test equipment

Electronic equipment
f the type designated on the probe data sheet and shall comply with\ISO 22232-1 as appl

he additional designated types.

[ing shall be carried out with the probe cables and elec¢trical matching devices speci
be data sheet for use with the particular type of ultrasonic instrument.

E Probe leads more than about 2 m long can have.d-significant effect on probe performance

ultrasonic instrument (or laboratory pulser/receiver) used for the tests’specified in Clduse 8 shall

cable.

bre more than one type of ultrasonic instrument is designated the tests shall be repeated with each

ied on the

In addition to the ultrasonic instrument or laboratory pulser/receiver the items of equipment essential

ssess probes in accordance with this document are as follows:

a frequency spectrum analyser with a minimum bandwidth of 100 MHz, or an oscilloscoy

a ‘hydrophone receiver with an active diameter less than two times the central

the hydrophone and the amplifier shall cover the bandwidth of the probe under test.

to 4
a) |an oscilloscope with a minimum bandwidth of 100 MHz;
b)
or computer capable of performing discrete Fourier transforms (DFT).
The following additional equipiient is optional:
c) |for contact probes only:
1) an electroniagnetic-acoustic probe (EMA) and receiver;
2) aplotter'to plot directivity diagrams;
d) |for immersion probes only:
7.2 Test blocks and other equipment

e/digitiser

ultrasonic

wavelength of the probe (centre frequency) under test but not less than 0,5 mm. The bajndwidth of

For contact probes to be used on carbon steel, the test block quality shall be as defined in ISO 7963. For
contact probes to be used on other materials such as stainless steel, aluminum, titanium or plastics,
the test block material shall be documented in the probe data sheet or probe test report including
the measured sound velocity. The sound attenuation of other materials, especially plastics, shall be
considered.

© IS0 2020 - All rights reserved
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The following test blocks and additional equipment shall be used to carry out the specified range of
tests, for contact probes:

a) Hemicylindrical blocks with different radii (R) in the range from 12 mm to 200 mm. Steps of R\2
are recommended. The length of each block shall be equal to or larger than its radius, up to a
maximum length of 100 mm. An example is shown in Figure 3.

b) Blocks with parallel faces and different thicknesses in the range from 12 mm to 200 mm. The
length and width of each block shall be equal to or larger than its thickness, up to a maximum
thickness of 100 mm.

c) Blocks/with side-drilled holes parallel to the test surface, of preferably 3 mm or 1,5 mm diamgter
as shon in Figure 4 or Figure 5, respectively. For probes with centre frequencies up to 2-¥Hz
side-dfilled holes of 5 mm diameter are recommended. The blocks shall meet thefellowing
requirpments:

1) thg length, height and width shall be such that the sides of the blocks do notinterfere with|the
ulfrasonic beam;

2) the depth positions of the holes shall be such that at least three holes falloutside the near field;

3) the position of the holes shall be such that the signals do not interfeke, e. g. the amplitude shpws
a drop of at least 26 dB between two adjacent holes.

8 © IS0 2020 - All rights reserved
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Dimensions in millimetres
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i (Fa]
____T__ .
i ~
_T_ =
I
BLO
®80
#100
160
$200
2 3

Key
centre line of slot
front surface

3 angle-beam probe

X, Y Z coordinate system of hemicylindrical-stepped block

Figure 3 — Example of a hemicylindrical-stepped block
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Dimensions in millimetres
L60

200

60
40
O

140
120
100
80
|
. }
N \
/4 5
&
50

=49

Key
1  side-drjlled hole (SDH) of diameter 3 mm

Figure 4 — Example of a test block with 3 mm side-drilled holes
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Dimensions in millimetres

X 2 1
/ | | |/ | | | |
i i i i i
Il I|I I I I|I I|I I|I Il
& [ [ I [ [ [ [ i
I N N N B B y
| | | | | | | \
) 36 36 36 36 30 30 39 56
o~ m ~ (¥a]
y
SDH =l
2 1SDH; T ospH, T ospuy ¥ &| '
) > T sDH, + | R |
SDHy gl |
6 SDFs, |
gl |
Y4 SDHq,
O | ] JE—
\ 708 60°  45° 30°
N
5
300
z
Key]
1 side-drilled hole (SDH) bf diameter 1,5 mm SDH,, side-drilled hole at depth position n
2 front surface X width coordinate
3 top surface y length coordinate
4 right surface z depth coordinate
5 bottom surface
6 left surface
Figure 5 — Example of a test block with side-drilled holes (SDH)

d) Blocks with inclined faces with a notch as shown in Figure 6 and blocks with hemispherical-
bottomed holes as in Figure 7. These blocks are used to measure the beam divergence in the vertical

and horizontal plane respectively.

© IS0 2020 - All rights reserved
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Key
a

12

toleran

Dimensions in millimetres

N
a 0,1
<
= |
° XS"C) |
~
\\
\\
\\
\\
100 a=+0,1
|
a 0,1
>59

Ce of centre line position

Figure 6 — Example of a test block with notches
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Dimensions in millimetres
500
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30)
25
20

80

100
©
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—]

%

50

L0

/._
L7

50

500

50

150

170

170

Figure 7 — Examples of test blocks with side-drilled and hemispherical-bottomed holes
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e) An alternative steel block to measure index point, beam angle and beam divergence for angle-beam
probes as given in Annex B.

NOTE Not all blocks are required if only special kinds of probes are to be checked, e.g. blocks to measure the
index point and the beam angle are not necessary if only straight-beam probes are measured.

For measuring distances, the following equipment shall be used:
f) Aruler.

g) Feeler gauges starting at 0,05 mm.

For testingimmersion probes, the following reflectors and additional equipment shall be used:

h) A steel ball or rod with a hemispheric ended smooth reflective surface. For each frequeney range
the digmeter of ball or rod to be used is given in Table 3.

Table 3 — Steel ball (rod) diameters for different frequencies

Probe centre frequency Diameter d of ball or rod
MHz mm
0,5<f<3 3<ds5
3<f=<15 d <3

i) Alarg¢ plane and smooth reflector. The target’s lateral size shdll be at least ten times wider than
the beam width of the probe under test measured at the end ofthe focal zone, as defined in 8.6.2{4.1.

The reflector's lateral size shall be at least five times.the’ wavelength calculated using the sound
velocitly of the fluid used and the centre frequency of the probe under test.

j)  Animmersion tank equipped with a manual or autemated scanning mechanism with five free akes:
— thfeelinear axes X, Y, Z;
— two angular axes 8 and .

k) Automfated recording means: if theramplitudes of ultrasonic signals are recorded automaticlly,
it is thee responsibility of the manufacturer to ensure that the system has sufficient accuracy. In
partictilar, consideration shallbe given to the effects of the system bandwidth, spatial resolution,
data processing and data stovage on the accuracy of the results.

Typical setups to measure.thie sound beam of immersion probes are shown in Figures 16, 17 and 18

The scanning mechanism used with the immersion tank should be able to maintain alignment between
the reflectpr and tHe)probe in the X and Y directions, i.e. within +0,1 mm for 100 mm distance in|the
Z direction|

The temperature of the water in the immersion tank should be maintained at room temperature and shall
not deviate by more tham+2-°Cduring the tharacterizatiomrof immersiom probes described i 8210 8.6.

The water temperature shall be reported in the probe data sheet.

Care shall be taken about the influence of sound attenuation in water, which, at high frequencies, causes
a downshift of the echo frequency when using broad-band probes.

Table 4 shows the relation between frequency downshift and water path.
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Table 4 — Frequency downshift in percent of centre frequency f, depending on total water path

length, for relative bandwidths (A f.; ) 50 % and 100 %

Total water path
fo Afrel mm
MHz | %
10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 150 | 200 | 250 | 300 | 350 | 400
50 0 0 0 0 0 0 1 1 1 1 2 3 3
100 0 | 1 112|223 10 | 11
0 [ 50 | 0 | 1 1|12 |2]|2]3 6 10 | 11
1Q 100 1 3 4 [ 6 7 Q 9 10 11 16 21 24 29 31 34
1] 50 1 1 2 3 4 4 5 6 6 7 10 | 13 | 15 | 184 20 | 23
13 (100 | 3 6 8 10 | 13 | 15 | 17 | 19 | 21 | 23 | 30 | 37 | 42 ()"47 || 50 | 54
8 |Performance requirements for probes
8.1] Physical aspects
8.1]1 Procedure

phy
thelflatness of the contact surface of the probe shall be measured using a ruler and feeler ga

8.

For|flat-faced probes, over the whole probe face, the gap between the ruler and the prd
surface shall not be larger than 0,05 mm.

No Visible damage of the probe contact surface that could influence the ultrasonic beam is al

8.

Theg peak-to-peak amplitude of the echo shall be measured.

pulse duratien $hall be determined with a measurement setup as shown in Figure 8 (contact
in Higure t6:(immersion probes):

.2{1 Procedure

1{2 Acceptance criterion

2( Pulse shape, amplitude and duration

st crossing poiat of the signal with these levels define the pulse duration as shown in Fig

sical damage which can influence its current or future réliability. In particular, for confact probes

The outside of the probe shall be visually inspected for correét identification, correct asselrlbly and for
ges.

be contact

lowed.

10 % peak-to¢pedak amplitude value defines levels symmetrically to the base line. The fifrst and the

fure 1. The
probes) or

For‘eontact probes with a single transducer, a hemicylindrical block or a block with pa

of the probe or within the focal zone of focused probes.

rallel faces

ield length

b) For dual-transducer probes, a hemicylindrical block or a block with parallel faces shall be used whose
reflecting surface is at a distance nearest to the focal point but within the focal zone of the probe.

c) Forimmersion probes, a large flat reflector shall be used at the focal distance for focused probes or

©

at a distance larger than 1,5 times of the near field length for flat probes.

ISO 2020 - All rights reserved
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a) Method using an ultrasonic instrument

1
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2
888
oF Be) o)
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5

b) Method using an ultrasonic pulser with receiver stage

Key

1 ultrasopic a) instrument or b) pulser 5 reference block

2 oscillogcope 6  oscilloscope probe
3  probe donnector 7  oscilloscope input
4 ultrasohicprobe 8 pulser RF output

Figure 8 — Setup for measuring the pulse shape, amplitude and duration

It shall be stated, whether the measurement was done with wear plates, coupling membranes or other
equipment mounted or not.

The pulser setting shall be recorded. It is recommended to plot the transmitter pulse shape.

8.2.2 Acceptance criterion

The pulse duration shall not be greater than the manufacturer's specification stated in the probe
data sheet.
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The plot of the transmitter pulse should be included in the probe data sheet.

8.3

8.3.

Frequency spectrum and bandwidth

1 Procedure

The same setup as in 8.2 shall be used, but using a frequency spectrum analyser/digitiser instead of an
oscilloscope and oscilloscope probe. The reflector echo shall be gated and the frequency spectrum shall
be determined using a spectrum analyser or a Discrete Fourier Transform.

The

h shall be twice the pulse duratlon as a minimum and centred on the maximum of'the p

lower and upper cut-off frequencies f; and f, shall be determined at a 6 dB drgp from the

valge in the frequency spectrum. For the immersion technique the values shall'be’corrected

to ]

Fro
the

8.3

able 4.

m these upper and lower cut-off frequencies f, and f}, the centre freqtiéncy f,, the bandwi
relative bandwidth A f,; shall be calculated as given in ISO 5577. Se®@ Formulae (1) to (3)

futh
2

Af:fu_fi

fo=

f

Y L100%
f

[0}

A}‘;"el :[

2 Acceptance criteria

e analysed
. The gate
ilse.

maximum

according

fdth Afand

(D

(2)

3)

Thg measured centre frequency shall be within +10 % of the frequency stated in the probe data sheet.
Thg measured -6 dB bandwidth-shall be within +15 % of the bandwidth stated in the probe [data sheet.
If the spectrum betweenfl and f, has more than one maximum, the amplitude ratio betwe¢n adjacent
miniima and maxima shdll not exceed 3 dB.
8.4 Pulse-eche sensitivity
8.4]1 Procedure
Pulse-echo sensitivity is defined by Formula (4):
/'r AN
S =20log,, Cout 4)
Vin

where

Vout is the peak-to-peak voltage of the echo from a specified reflector, before amplification as

measured in 8.2;
Vi,  isthepeak-to-peakvoltage applied to the probe with the ultrasonic instrument set to separate

pulser/receiver mode.

© IS0 2020 - All rights reserved
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Probe sensitivity comparisons made with different types of ultrasonic instruments can vary, because
the probe sensitivity is influenced by the coupling conditions and by the impedances of pulser, probe,
cable and receiver. Therefore, the used equipment shall be specified in the probe data sheet.

8.4.2 Acceptance criterion

For probes manufactured in series, the pulse-echo sensitivity shall be within +3 dB of the manufacturer’s
specification stated in the probe data sheet.

For individually designed or manufactured probes, the measured sensitivity shall be reported on the
probe test repart

8.5 Distance-amplitude curve

8.5.1 Gepneral
The amplitfude of ultrasonic pulses varies with distance from the probe. Therefor€, td"evaluate echoes

from refleqtors, for all kinds of probes, distance-amplitude curves are needed usingthe reflectors ligted
in Table 5.

Table 5 — Reflectors for distance-amplitude carves

Rleflector shape Contact technique Immersion technique
Disk Flat-bottomed holes Flat-ended rods
Cylindrical Side-drilled holes Cylindrical rods
Spherical Hemispherical-bottomed-holes Hemispherical-ended rods or balls

8.5.2 Prpcedure

When usinfg contact probes flat-bottomed holes, side-drilled holes and hemispherical-bottomed hples
are used ap reflectors when using contact probes. With immersion probes, usually a small-sized sfteel
ball is used to measure a distance-amplitude/curve (see 8.6.2).

For dual-trjansducer probes, the axis-6f-the side-drilled holes shall be perpendicular to the separafion
layer. Contpured probes should be-evaluated on reference blocks having the same curvature as|the
sample thd probe shoe was fitted to. If this is not possible, they can only be evaluated on refergnce
blocks with flat contact surfaces-before applying the contour to the probe shoe.

Using a setfies of reflectors\of constant size but at different distances from the probe the received gcho
amplitudeg shall be plotted against distance. At least eight measurement points on each curve shall be
available, ¢xcept for-highly focused probes. The distances used shall cover the focal range of focuging
probes or the range.including the near field length of non-focusing probes.

Distances and‘amplitudes shall be determined on the calibrated screen of an ultrasonic instrunrent
mentionedlinthe probhe data sheet

The distance-amplitude curve and the distance-noise curve should only be made on request of the client.

A diagram showing at least one distance-amplitude curve shall be available for each probe type,
attached to the manufacturer’s specification stated in the probe data sheet. This diagram shall also
include a distance-noise curve.

Figure 9 shows an example of different distance-amplitude curves, calculated for disk-shaped reflectors
in steel (distance-gain-size diagram — DGS-diagram). Figure 10 shows an example of a measured
distance-amplitude curve for 3 mm side-drilled holes in steel, with the associated distance-noise curve.
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Figure 9 — Calculated distance-amplitude curves for disk-shaped reflectors in 4teel
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1 back wall echo X  distance (mm)

2 distancp-amplitude curve for 3 mm side-drilled holes  F; Jehgth of focal zone
3  distancp-noise curve Y.\ gain (dB)

Figure 10 — Measured distance-amplitude cugve for 3-mm side-drilled holes with distanc¢
noise curve

8.5.3 Acfeptance criterion

Within the{ focal zone the distance=amplitude curve and the distance-noise curve shall not deviat¢ by
more than B dB from the curves given in the manufacturer’s specification stated in the probe data shleet.

8.6 Beam parametersfor immersion probes

8.6.1 Gejneral

The measurementtechnique consists of studying the probe's sound beam in water, using a target. This
target is a[smiall, almost point source reflector, or a hydrophone receiver. The beam parameters|are
determined by scanning the reflector or hydrophone relative to the beam., either by moving the target
or the probe.

If the target is a reflector, echo mode is used. Both transmitter and receiver characteristics of the probe
are verified. If the target is a hydrophone transmission mode is used, and then only the transmitting
characteristics of the probe is verified.

The same reflector or hydrophone shall be used for all the beam parameter measurements associated
with one particular probe.

Small variations in the measured position of maximum signals occur as measured by a hydrophone or
different reflector types. Consequently, for reasons of repeatability, the equipment and the parameters
of the target used shall be recorded with the results.

Targets are listed in 7.1 and 7.2, h).
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Settings of the ultrasonic instrument or pulser/receiver (pulse energy, damping, bandwidth, gain) shall
be the same as those defined in 8.2. However, if the settings are changed during the measurement (gain
for example), the new values shall be recorded on the result sheet.

Two equitable procedures are given for beam measurements. They differ only in the methods used to
record the measurement results:

a)

Direct measurement of specific beam parameters:

This technique, described in 8.6.2, is based on direct readings at specific points within the beam

(see Figures 11 to 15).

b)

Bef
sett

is p
targ

8.6

8.6
Eit}
a)
b)

Int
dive

Thd

Measurements performed with an automated scanning system:

This technique, described in 8.6.3, is based on the automated collection of data dirin
If measurement results of the beam parameters are provided, the C-Scan imagesshall b
This copy shall include a scale of the acoustic levels defined in 8.6.3.

bre performing beam measurements described below, the squint angleshall be compens
ing the beam axis perpendicular to the XY-plane as shown on Figures\16, 17 and 18. Thi
erformed by adjusting both angles 6 and i of the probe holder.te-imaximize the echo
ret in the XY-plane.

2 Beam profile — Measurements performed directly‘on the beam

2.1 General
er one of the following methods shall be used torecord the ultrasonic peak echo voltage
manual recording of the amplitude display€d on an oscilloscope;

automated recording of the amplitude«synchronized to the scanner movement.

brgence shall be deduced from the/graphs obtained.

focal distance angd the focal length (see Figure 11) shall be determined from axial p

b scanning.
e provided.

hted for, by
5 operation
from a flat

his last case, the focal distance, thefecal length, the focal width, the transverse profile and the beam

Figlire 17 shows the equipmentisetup used when the target is a ball reflector and Figure 14 shows the
eqfiﬁpment used when the target is a hydrophone.

Fofiles (see

re 12 and 13) and'the focal width and beam divergence are measured from transverse pfrofiles (see

Fi
Fiziire 14 and 15)

© IS0 2020 - All rights reserved

21


https://standardsiso.com/api/?name=6bca5d2334aad4eae038683c3480e024

IS0 22232-2:2020(E)

1
. [/ / :
| >
VN /| g
I I I
Zy Zy4 Zp Zy,
I Fo I
FL
!
Key
1  probe Z, sound exit point
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Fp focal diftance F length of focal zone
Zp focal point
Figure 11 — Significant points on the beam axis of immersion probes
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Key
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X  distance (mm) Fi length of focal zone
F focal diftance Zp focal point
Figure 12 — Axial profile of a non-focused immersion probe
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Figure 13 — Axial profile of a focused immersion probe
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a) Pulse-echo technique
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Figure 14 — Transverse profiles of immersion probes
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Ok
a) At the focal point
Key
1 XorY gxis
A amplityde
Z 7 axis (Jn sound path direction)

Key

1 ultrasohic instrument X  lateral position

2 positioping interface Z  sound path in water
3 display

4  probe

5 plate reflector
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Figure 15 — Transverse profiles in the focal zone.of an immersion probe

b) At the far end of thefocal zone

Figure 16 — Setup to measure the sound beam of immersion probes — Adjustment of the

beam axis
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Key

1 [ultrasonic instrument X lateral position

2 |positioning interface Z  sound path in water
3 |display

4 |probe

5 |ball reflector

Figure 17 — Setup to measure the sound beam of immersion probes using a ball refflector

6
Key
1 |ultgaSenic instrument 6  hydrophone
2 |hydrophone receiver X lateral position
3 positioning interface Z  sound path in water
4  display
5 probe

Figure 18 — Setup to measure the sound beam of immersion probes using a hydrophone

© IS0 2020 - All rights reserved 25


https://standardsiso.com/api/?name=6bca5d2334aad4eae038683c3480e024

IS0 22232-2:2020(E)

8.6.2.2 Axial profile — Focal distance and length of the focal zone

8.6.2.2.1

Procedure

The target shall be placed on the probe axis and the target and the probe shall be placed in contact. The
coordinate of the front face of the probe or its acoustic lens is Z, see Figure 19.

2—| 1

2—| 1

Key

beam akis

probe

distance
Zy zero pojint

Figure 19 — The point Z, of the coordinate system for immersion probes

The target|(or probe) shall be moved along the Z-axis, increasing probe-target distance. The distande at
which the §ignal is maximized shallbe determined, see Figures 11, 12 and 13.
X- and Y-ppsitions shall be adjusted to further maximize the signal amplitude. The related distgnce
coordinateis Z, and the related voltage is V.
The focal distance is given by Formula (5):

Ry =2} -7 (5)
By increastrgand-reducingthe-distance-between the-probe-and-the-target-the Himits-of-the-foealZone

OIro T C oot S trcaro ot ot Tvv CCTT T PToUoTTOIItr T taT g T OIT

shall be found, i. e. the two points where V, is reduced by 6 dB, if a reflector is used, or by 3 dB, if a
hydrophone is used. Z; ; and Z; , are the coordinates of these points on the Z-axis.

The length

FL:|ZL

8.6.2.2.2

of the focal zone is given by Formula (6):
27211 |
Acceptance criteria

(6)

The focal distance and length of the focal zone shall be within +15 % of the manufacturer’s specifications
stated in the probe data sheet.

26
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8.6.2.3 Transverse profile — Focal width

8.6.2.3.1 Procedure

The same setup and the same mechanical settings as in 8.6.2.2.1 shall be used. The target shall be
placed at the focal point of the probe, as found in 8.6.2.2.1.

To measure the focal width in the X direction the probe (or hydrophone) shall be moved in the X
direction to find the two points X; and X,, where the amplitude from the target has decreased by 6 dB

(by
To

3 dB when a hydrophone is used).

easure the focal width in the Y direction the X position shall be returned to the focal pdint and the

megsurement shall be repeated, but this time with movement in the Y direction to find!the two points
Y; dnd Y,, where the amplitude of the signal from the target has decreased by 6 dB(by 3|dB when a
hydrophone is used).
Both beam widths on X-axis and on Y-axis at focal point (see Figure 15) are-given by the fifferences
according to Formula (7):

Wy =[X;, =X

Wyq :|Y2 _Y1| (7)
8.6{2.3.2 Acceptance criterion
Both focal widths shall be within +15 % of the m@anufacturer’s specifications stated in|the probe
datp sheet.

8.6

8.6

The
med
sha
far

The

2.4 Transverse profile — Beam divergence

2.4.1 Procedure

measurement of the beam divergence is only required for probes that have no artifici
Ins, such as acoustic lenses-or‘curved piezoelectric transducers, see Figure 12. The beam
1 be deduced from the measurement of the beam width, as defined in 8.6.2.3, but meas
Field, see Figure 14.

measurement shall'be performed as follows:

pl focusing
divergence
ired in the

a) [the beam width's Wy, and Wy, at the focal distance as described in 8.6.2.3.1 shall be meapured first;
b) |the target (or probe) then shall be placed at the far end of the focal zone (Z;,), as mleasured in
The ¢opresponding values X', X’, and Y’, Y’, shall be recorded, i. e. the target (or probe) ppsitions on

X-axis and on Y-axis where the peak voltage decreases by 6 dB (reflector) or 3 dB (hydrop

hone) from

the maximum value V;, which is obtained on the beam axis.
The beam widths at the end of the focal zone (see Figure 14) are given by Formula (8):

W2 :|X'2 _X'1|

Wyp =Y, =Y (8)
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(9)

the

the
fing

Fion

the

sed

pcal

d of
bns.

The angles of beam divergence in X and Y directions are calculated using Formula (9):
Wy, =W,
Q2 =arctan X2 X1
2(2,,-2,)
We,, =W,
Q, —arctan—2 Y1
2(2,,-7,)
8.6.2.4.2 Acceptance criterion
The angleq of divergence shall not differ from the manufacturer’s specified values as stated en
probe datalsheet by either +10 % or by 1°, whichever is larger.
8.6.3 Beam profile — Measurements made using an automated scanning system
8.6.3.1 (eneral
The ultras¢nic echo peak voltage shall be recorded in different planes during an automated scan of
probe (or the reflector). The variations of amplitude with position shall be recorded under the follow
conditions
a) The sdgnsitivity, the amplitude resolution of data processing, the motion speed and the mo
resolufion shall be sufficient to avoid any loss of information.
The syptem shall have sufficient dynamic range to collect théhigh-amplitude signals (obtained at
focal ppint) without saturation and the low-amplitude sigiials with a sufficient signal-to-noise ratio.
b) The mpximum peak voltage V,, detected at the focakpoint, defines the 0 dB level. The coding 4
for thel 0 dB, -3 dB, -6 dB, —12 dB levels shall appear on a scale on the scan recording.
The vefrification is based on performing three'scans:
c) One scan in the XZ- or YZ-plane shall bg performed including the beam axis to determine the f
distanfe and the length of the focal zone;
d) Two sdans shall be performed in the transverse plane XY at the focal distance and at the far en
the fodal zone. These scans previde the focal width and the beam widths in the X and Y directi

The argles of beam divergence shall be calculated from the beam widths measured in the XY-pl

8.6.3.2 K

8.6.3.2.1

The same
targetisa

eam profile by'scanning means — Focal distance and focal length

Proceduare

betup\as described in Figure 17 shall be used when the target is a reflector and when
hydrophone Figure 18 applies.

Hne.

the

The focal distance and the length of focal zone shall be deduced from the scans in the plane containing
the beam axis.

The scanner shall be adjusted so that:

a)

its motion plane contains the beam axis;

b) the XZ- or YZ-plane covered by the scanning is wide enough to include the ends of the focal zone
and the two points of transverse axes (X and Y) where the amplitude is 6 dB (reflector) or 3 dB
(hydrophone) lower than on the beam axis.

From the images the following parameters shall be determined:

c)

28

the focal distance Fy, as defined in 8.6.3.2;
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the length of the focal zone F|, as defined in 8.6.3.2.

An example of this plot is given in Figure 20.
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rscale  amplitude value in dB, with 0 dB as maximumamplitude

Figure 20 — C-scan image of the sound\beam profile of a non-focusing immersion

3.2.2 Acceptance criteria

focal distance and the length of the focal zone shall be within #15 % of the man
cification stated in the probg:data sheet.

3.3 Beam profile by, scanning means — Focal width and beam divergence

3.3.1 Procedure

mechanicabsetup is the same as in 8.6.3.2.1 and described in Figures 17 and 18.

The Z-axis of the scanner shall be adjusted so that the target is at the focal point

probe

jufacturer’s

firstsean shall be performed at the focal distance. The scanner shall be adjusted as follows:

as it was

determined In 8.6.3.2.1. The scanner displacements snall be in the XY plane containi
point and shall be perpendicular to the beam axis.

g the focal

b) The XY scanning area shall be adjusted to include the positions where the amplitudes drop by 20 dB

from Vo if using a reflector, or by 10 dB if using a hydrophone.

At the focal distance, Wy, and Wy, shall be determined as diameters of the zones measured in the X or
Y direction where the displayed amplitudes are 6 dB (reflector) or 3 dB (hydrophone) lower than the
value V;, measured on the beam axis (see Figure 21 for an example).

© IS0 2020 - All rights reserved

29


https://standardsiso.com/api/?name=6bca5d2334aad4eae038683c3480e024

IS0 22232-2:2020(E)

XY
Gray scale

The second

10 -

\

focal width on X axis (mm)
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Amplitude value in dB, with 0 dB as maximum amplitude

Figure 21 — C-Scan image of a sound beani,of a focusing immersion probe

scan shall be performed at the far end. 6f the focal zone.

The mechanical setup and the bridge adjustmént are the same as for the previous scanning, except

the target

From the
determine

The angles
8.6.2.4.1.

8.6.3.3.2

The angles
data sheet

s placed at the far end of the focal Zone (7 ,), as defined in 8.6.3.2.1.

that

mage the focal widths Wsyvand Wy, shall be determined by the same method used to

Wy, and Wy, at the focal distance.

of divergence in the X and Y direction are determined by the same calculations use

Acceptanceécriteria

of divergence shall not differ from the manufacturer’s specified values stated on the pi
by either +10 % or by +1°, whichever is larger.

The focal

1 in

obe

idths shall be within #15 % of the manufacturer’s specification stated in the probe data s

eet.

8.7 Beam parameters for straight-beam single-transducer contact probes

8.7.1 General

The procedures given in this clause are for probes with flat contact surfaces only.

Contoured probes should be evaluated on reference blocks having the same curvature as the sample
the probe shoe was fitted to. If this is not possible, they can only be evaluated on reference blocks with
flat contact surfaces before applying the contour to the probe shoe.

30
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8.7.2 Beam divergence and side lobes

8.7.2.1 Procedure
One of the following equitable methods shall be used to measure the directivity pattern:
a) Using an electromagnetic-acoustic (EMA) receiver.

The probe shall be coupled to a semi-cylinder (see Figure 22).

When scanning the cylindrical surface of the block the EMA receiver shall be positioned as close as
possible to the surface with a constant distance to optimize the received signals signal tonoise ratio.

The signal amplitude shall be plotted against the scanning angle of the EMA receijven.

The plot shall include the main lobe and the adjacent side lobes. The angles for. the -3 dB positions
of the main lobe give the divergence angles (Figure 22).

The angles of divergence shall be measured in two perpendicular plan€s,

For rectangular transducers these planes shall be parallel to the larger side a and the smjaller side b
of the transducer.

i 5

b Y
\
1Y

3dB

0 O—1
| N
Ry o Tt

-30° -10° 10° 30°
-20°  0°  20°

X
Key]
1 sound beam 5 mainlobe
2 half cylinder 6  straight-beam probe
3 beam axis X angle in degrees (°)
4 EMA recéiver Y amplitude in decibels (dB)

Figure 22 — Measurement of beam divergence and beam angle

b) |Using reference blocks with side-drilled holes.

Testblockscontaiming 3 mmr side=drittedhotesat various depths parattel tothetestsurface, as
shown in Figure 4, shall be used to determine the angles of divergence and the side lobes in the two
perpendicular planes of the probe by rotating the probe by 90° on the test surface.

For each hole the position of the probe to receive the maximum echo and for the forward and
backward position of the 6 dB drop and side lobe positions shall be marked in a final plot.

The beam axis shall be determined as the straight line through the marks of the maximum echo
together with the normal to the surface of the block. The straight lines fitted to the edge points of
the beam together with the beam angle gives the 6 dB divergence angles.

Note the change in echo amplitude in relation to probe movement when the beam is scanned over
each hole in turn.
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If a side lobe is detected in the amplitude profile from two or more holes, the side lobe shall be
maximized and its position in relation to that of the main lobe shall be plotted. Also the amplitude
of the side lobe in relation to that of the main lobe shall be recorded.

c) Usingreference blocks with hemispherical-bottomed holes.
Test blocks containing hemispherical-bottomed holes, maximum 10 mm diameter at various depths
from the test surface, as shown in Figure 7 shall be used to determine the angles of divergence in
two perpendicular planes.
This shall be done by moving the probe in two perpendicular directions if the block is wide enough
or by rfotating the probe by 90° on the test suriace.
For eafh hole, the position of the probe to receive the maximum echo and for the forward pnd
backwprd position of the 6 dB drop shall be marked.
8.7.2.2 Acceptance criteria
The angled of divergence shall not differ from the manufacturer’s specified values,stated in the pijobe
data sheet py more than 10 % or by +1°, whichever is larger.
Side lobes [shall be 220 dB below the main lobe for reflection techniques-and 210 dB below the npain
lobe for th¢ EMA technique.
8.7.3 Sqpint angle and offset for straight-beam probes
8.7.3.1 Hrocedure
With straight-beam probes the offset is defined as the distance between the geometrical centre point of
the probe gnd the measured acoustical centre point of the probe (Figure 2).
One of the following equitable methods shall be used:
a) Using gn electromagnetic-acoustic (EMA)receiver.
To megsure the squint angle and.the offset for straight-beam probes the setup in Figure 2 shall
be usefd.
First the probe shall be cofinected to the ultrasonic instrument which is switched to pulse-dcho
mode. [By rotating and mgving the probe on a semi-cylindrical block the echoes of the mulfiple
echoed series from the'block shall be maximized. This occurs when, at all reflections, the beam hits
the cylindrical surfaceperpendicularly and the acoustical centre point of the probe is positioned on
the centre line of the block.
Keepirlg the probe at this position, in the second step, the EMA receiver use the probe acting onlly as
a trangmitter.
By movinig thre EMATeTEiver om the cytimdricat surface fimd the position of the maximmumr sigmal at
the location where the beam hits the cylindrical surface the first time.
The measured angle is the squint angle for straight-beam probes 6.
The coordinates X. and Y, of the geometrical centre point of the probe together with the
coordinates Y, of the centre line of the block and X, of the EMA receiver give the offset e according
to Formula (10):
2 2
e:\/(Xm _Xc) +(Ym _Yc) (10)
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Using reference blocks with side-drilled holes.

The position of the side-drilled hole (SDH) relative to a reference point of the block is used as X,
and Y. Connect the probe is connected to the ultrasonic instrument which is switched to pulse-

echo mode.

By moving the probe perpendicular to the SDH the echo of the SDH shall be maxim
determine the position of the geometrical centre point of the probe, X. or Y. depend
orientation of the probe or take it from the measurement of the beam axis in 8.7.2.1, b).

The offset e can be calculated using Formula (10).
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Squint angles for straight-beam probes &, and 6§, shall be determined in the twopen
directions independently by geometrical calculation using X, or Y. depending on the 6ri
the probe, X, = Y., and the depth position of the SDH.

The resulting angle § is calculated according to Formula (11):

d =arctan \/ tan? 6y +tan? 6X

3.2 Acceptance criteria

squint angle for straight-beam probes shall be <2°. The offset from the centre point o
I be less than 1 mm.

4  Focal distance (near field length)

4.1 Procedure

a non-focusing probe the focal distanceis identical with the near field length. For these
jcult to directly measure the focal distance. Therefore, for these probes the near field ler
Falculated using the methods givefvin Annex A from the measured centre frequency
isured angles of divergence ¥, and " in two perpendicular directions.

divergence shall be measured at the depth of the expected focal distance. Because An|
take a delay path into agepunt, alternative measurements or calculations may be used.

lised straight-beam-probes for direct contact shall be measured on reference blocks cont
fomed holes or side-drilled holes of a constant diameter within the focal zone of the prob

ectors of a 2mm or 3 mm diameter shall be used to generate a distance-amplitude curve
measurement points).

jeasureémient point shall be close to the peak of this curve, which gives the focal dist4

ap

lengthCof a plane transducer of the same shape and frequency, unless defocusing is intention

ied\material. Focal distances caused by lenses or curved transducers are shorter than th

ized. Then
ing on the

pendicular

entation of

(11

F the probe

probes it is
gth should
f, and the

nex A does
Qining flat-
e.

(best fit to

ince in the
b near field

hlly used.

8.7.

4.2 Acceptance criterion

The focal distance shall be within +20 % of the manufacturer’s specification stated in the probe data sheet.

8.7.

8.7.

5 Focal width

5.1 Procedure

The focal width of focused straight-beam probes for direct contact can be determined using an EMA
receiver or blocks with side-drilled holes or hemispherical-bottomed holes, analogous to 8.7.2.
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The following methods shall be used:

a)
The pr

Using electromagnetic-acoustic (EMA) receivers.

obe shall be coupled to a semi-cylinder with a radius close to the focal distance of the probe.

By moving the EMA on the surface in two perpendicular directions the angles of the 3 dB drop of
the signal amplitude shall be determined [see 8.7.2.1, a)]. The focal widths of the probe shall be
calculated using these angles together with the known radius of the block.

b)
To de
perpe
probe
Using 1
To de

perpe
distan

8.7.5.2 A
The focal W

8.7.6 Le

8.7.6.1 H

Determine
distance-a

The differq

8.7.6.2 A

The length
probe data

8.8 Bea

8.8.1 Ge|
The procec

Contoured

Using reference blocks with side-drilled holes.

dicular direction until th echo from a side-drilled hole close to the fo
Arops by 6 dB. This shift provides the focal widths of the beam.

+—B—Hr{wo
stance'‘of|the

cal di

reference blocks with hemispherical-bottomed holes.

Fwo
bcal

ermine the divergence angles the probe shall be moved as shown inf8.7.2.1, c) in
dicular directions until the echo from a hemispherical-bottomed helelclose to the fi
Ce of the probe drops by 6 dB. This shift provides the focal widths ofthe beam.

Llcceptance criterion
ridth shall be within +20 % of the manufacturer’s specification stated in the probe data sheet.
ngth of the focal zone

rocedure

the points where the amplitude drops by% dB as compared to the focal point from|the
mplitude curve measured in 8.5 or 8.7.4,
nce of their coordinates provides the/length of the focal zone.
\cceptance criterion

of the focal zone shall-bewithin 20 % of the manufacturer’s specification stated in|the

sheet.
m parameters for angle-beam single-transducer contact probes

neral

uresgiven in this clause are for probes with flat contact surfaces only.

probes should be evaluated on reference blocks having the same curvature as the sample

the probe shoe was fitted to. If this is not possible, they can only be evaluated on reference blocks with
flat contact surfaces before applying the contour to the probe shoe.

An example for a calibration block for angle-beam probes is given in Annex B.

8.8.2

Index point

8.8.2.1 Procedure

To measure the index point a test block with a quadrant shall be used. The radius of the quadrant shall
be large enough that the reflecting cylindrical surface is in the far field of the probe.

34
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The probe shall be adjusted so that the echo from the cylindrical surface is maximized. At this position

the index point corresponds to the engraved centre line of the quadrant.

8.8.2.2 Acceptance criterion

The index point shall be within +1 mm of the manufacturer's specification stated in the probe data sheet.

Angle-beam probes with transducer size <15 mm and frequencies <2 MHz generate a broad sound beam
where the position of the maximum echo can only be measured within a tolerance of +2 mm.

8.8 3—Beam-angle-and beam-divergenee
8.8{3.1 Procedure
Simjilar to the methods used for straight-beam probes in 8.7.2, one of the followiing methods shall be
usef to measure the divergence angles and side lobes of angle-beam probes:
a) |Using electromagnetic-acoustic (EMA) receivers.
The probe shall be coupled to a semi-cylindrical block.
The signal amplitude shall be plotted against the scanning angle of the EMA receiver.
The plot shall include the main lobe and the adjacent side lebes. The angles for the -3 dB positions
of the main lobe provide the divergence angles (Figure.22).
The angles of divergence shall be measured in twoperpendicular planes (azimuthal and Qorizontal).
The position of the maximum signal provides the angle of the beam axis (beam angle).
Parameters of inclined beams can also be taken from a C-scan image in a plane perpepdicular to
the beam axis. Figure 23 shows an example of a C-scan image of a 45° angle-beam prob¢ measured
with an EMA receiver on a test block writh a 45° surface.
e
Al
a) Reference block b) C-scan image
Key
1 EMA transducer o beam angle
2 angle-beam probe Al projected length of focal zone
la,p
3 test block Al projected focal width
w,S

Gray scale  amplitude value in dB, with 0 dB as maximum amplitude

Figure 23 — Measuring beam parameters of an inclined sound beam using an EMA receiver
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b)

36

Using reference blocks with side-drilled holes.

A test block with a series of 3 mm side-drilled holes at different depths, as shown in Figure 4, shall
be used to measure the beam angle, divergence angles and side lobes in the vertical plane.

For each hole the position of the probe to receive the maximum echo, and for the forward and
backward position of the 6 dB drop and the side lobe positions shall be marked in a final plot.

The straight line through the marks of the maximum echo and the index point with the normal to
the surface of the block provides the beam angle in the vertical plane. The straight lines fitted to
the edge points of the beam together with the beam angle provides the -6 dB divergence angles in
this plame.

An example for the longitudinal beam profile is given in Figure 24. Note the changé ini dcho
amplitjude in relation to the probe movement while the beam is scanned over each hole inturn|If a
side lope is detected in the amplitude profile from two or more holes, maximize the side lobe and
plot it$ position in relation to that of the main lobe. Also record the amplitude of'the side lobg in
relation to that of the main lobe.
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-6 dB

1 echo amplitude (dB)

2 angle-beam probe

3 probe index point

4 test-surface

Y length coordinate

Z depth coordinate

side-drilled hole

Y,; | lower position ofi-¥~axis for 6 dB drop
Y,, | upper positienon Y axis for 6 dB drop
Z reflector depth

sound path

a angle of incidence

Figure 24 — Measurement of the longitudinal beam profile of an angle-beam probe

An alternative method of measuring the beam angles also using side-drilled holes is given in
Annex B.

To measure the divergence angles in the horizontal plane a block with a notch is needed, as shown
in Figure 6 (for 45° probes and 60° probes). The same procedure is used to determine the positions
of the 6 dB drop, but the probe has to be moved laterally.
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c) Using reference blocks with hemispherical-bottomed holes.

A test block with a series of the hemispherical-bottomed holes, maximum 10 mm diameter at
different depths, as shown in Figure 7, shall be used to measure the beam angle and divergence

angles

in the vertical and horizontal planes.

For each hole the position of the probe to receive the maximum echo, and for the forward and
backward position of the 6 dB drop shall be marked in a final plot.

The straight line through the marks of the maximum echo and the index point with the normal
to the surface of the block provides the beam angle in the vertical and horizontal plane. The

straiglit [ines fitted to the edge pOll’lfS of the beam Eogetlier With the beam angle prov1de the —q

diverg

8.8.3.2 A

For nomin
frequencie

For nomind

The angles|
sheet by m|

When usinf
amplitudes

When usin]

ence angles in those planes.

Lcceptance criteria

hl beam angles up to 60° the measured value shall be within #3° of themominal angle
5 less than 2 MHz and +2° of the nominal angle for frequencies equal to or'gr€ater than 2 M

] beam angles greater than 60° the measured value shall be within-+3° of the nominal ar

of divergence shall not differ from the manufacturer’s specification stated in the probe ¢
pre than 10 % or by more than +1°, whichever is the larger.

g the reflection technique, the side lobes amplitudes shall be 220 dB below the main g
for nominal beam angles between 45° and 65°, and 215'dB for higher nominal beam ang

g the EMA technique, the side lobes amplitudes“shall be 210 dB below the main Id

dB

for
Hz.

gle.

lata

bes
les.

bes

amplitudeg for nominal beam angles between 45° and 65%, and =8 dB for higher nominal beam angl¢s.
8.8.4 Sqpint angle and offset for angle-beam probes

8.8.4.1 Hrocedure

With angld-beam probes the offset is defined as distance between the geometrical centre line of|the
probe and fhe measured beam directien of the probe (Figure 25).
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XE
Xm

Key
1 |ultrasonic angle-beam probe e offset
2 |EMA receiver 6 squint angle for angle-beam probg
3 |echo point X, Y. coordinates of the centre of the pr
4 |hemicylindrical test block X coordinate of EMA receiver
a |beam angle Yy coordinate of the centre of the blo

Figure 25 — Squint angle-and offset for an angle-beam probe

w

bbe

ck

The squint angle shall be checked for allangle-beam probes. The offset shall only be checked if a possible

devjiation larger than specified in the acceptance criteria 8.8.4.2 is to be expected.
Ongq of the following equitable-tnethods shall be used:
a) |Using an electromagnetic-acoustic (EMA) receiver.

To measure the squint angle and the offset for an angle-beam probe the same setup sh
as in 8.7.3 (Figure 25). The squint angle § is defined as the angle between the reference
probe and the measured beam axis projected onto the coupling surface (Figure 25).

First thé probe shall be coupled to a semi-cylindrical block and the ultrasonic instrumsg
switched to echo mode.

all be used
side of the

nt shall be

ck shall be

Byyturning and moving the probe the echoes of the multiple echo series from the blo|

maximized.

Then, at all reflections, the beam hits the cylindrical surface perpendicularly and the index point of

the probe is on the centre line of the block.

At this position the angle between the sides of the probe and the sides of the block provide the

squint angle.

Secondly the EMA receiver shall be used (the probe acting as a transmitter only). By moving the
EMA receiver the position of the maximum signal shall be determined where the beam hits the

cylindrical surface for the first time.

Using Formula (12) the offset e shall be calculated as:
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e=(X_-X_)cosd (12)
where

X, isthe coordinate of the position of the EMA receiver

X, isthe coordinate of the intersection point of the centre line of the block with the designed

beam path

For probes with an intended high squint angle, e.g. for the detecting transverse discontinuities, X,
is the ¢oordinate of the intersection point of the centre line of the block with the theoreticalh¢am
path (jot necessarily parallel to its reference side). In that case the offset e shall be calculatéd using
the deyiation from the intended beam path in Formula (12) instead of using squint angle-6 to|the
reference side of the probe.

b) Using reference blocks.
With sjde-drilled holes, only the squint angle can be measured according to 8.73.1.

Adjust|the position of the probe on the large flat surface of a suitable block to maximize the difect
echo frfom a straight corner of the block, as shown in Figure 26. The cetner reflector shall be in|the
far field of the probe.

Measufe the direction in which the probe’s reference side is pdinting relative to the normal to|the
corner| face by means of a straight edge and a protractor., This measurement provides the sqpint
angle ¢.

If the §quint angle exceeds 1° on the first measurement, make a total of three measurements pnd
take the mean value.
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90° —»
b)

3
Key]
1 |probe a) side'view
2 |sound beam b) ¢opview
3 |ruler
§ [squintangle

Figure 26 — Measuring the squint angle using the corner of a calibration blodk

8.8/4.2 Acceptance criteria

The squint angle shall be <2°. The'offset shall be <1 mm from the centre line of the probe.
8.8)5 Focal distance (near field length)

8.8/5.1 Procedure

Simjfilar methods*to those for straight-beam probes shall be applied here (see 8.7.4). For|unfocused
angle-beam‘ppobes the near field length shall be calculated using the measured values of|the centre
frequency f;and beam divergence angles y, and %, using the Formulae given in Annex A.

The divergence angles shall be measured at the depth of the expected focal distance. Becaupe Annex A
doesnot take a delay path Into account, alternative measurements or calculations may be used.

With focused angle-beam probes for direct contact the same methods as for straight-beam probes shall
be used (see 8.7.5).

A distance-amplitude curve shall be generated with at least eight measurement points using small flat-
bottomed, hemispherical-bottomed or side-drilled holes is used. The point of peak amplitude provides
the focal distance.

It is recommended that the measurement points are within the focal zone of the transducer with a
measurement point close to the peak amplitude.

They shall cover the 6 dB drop compared to the peak amplitude.
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Focal distances caused by lenses or curved transducers are shorter than the near field length of a plane

transducer

of the same shape and frequency, unless defocusing is intentionally used.

8.8.5.2 Acceptance criterion

The focal distance shall be within +20 % of the manufacturer’s specification stated in the probe data sheet.

8.8.6 Focal width

8.8.6.1 Procedure

The focal W
receiver, si

The measurement shall be made in two perpendicular directions with one of the following methodg:

a) Using

The pi
probe.
amplit

With t
calculd

b) Using

As deg
the foq

directijon.

The fo
8.9.5.1

c) Usingl

As des
hole af
verticd

8.8.6.2 A

The focal W

8.8.7 Le

ridths shall be measured in a similar way to the angles of divergence (see 8.7.2) using@n-H
e-drilled holes, or hemispherical-bottomed holes.

blectromagnetic-acoustic (EMA) receivers.

obe shall be coupled to a semi-cylinder whose radius is close to the focal distance of|
By moving the EMA probe on the surface the points are detérmined where the sig
ude drops by 3 dB compared to the peak amplitude.

ted.
reference blocks with side-drilled holes.

cribed in 8.8.3.1, b) the probe shall be moved until the echo from a side-drilled hol
al distance drops by 6 dB. This shift provides:the focal widths of the beam in the vert

cal width in the horizontal plane canconly be measured using the method describe
b).

reference blocks with hemispherical-bottomed holes.

the focal distance drops by 6 dB. This shift provides the focal widths of the beam in
1 and horizontal direction.

L.cceptance criterion

idths shall'be'within +20 % of the manufacturer’s specification stated in the probe data sh

hgth of-the focal zone

MA

the
rnal

hese angles and the known radius of the block the beam width at the focal distance shall be

b at
ical

] in

cribed in 8.8.3.1, ), the probe shall be moved until the echo from a hemispherical-bottomed

the

eet.

8.8.7.1

Tocedure

From the distance-amplitude curve measured in 8.5 or 8.7.5 the points are determined where the
amplitude drops by 6 dB compared to the focal point. The difference of their coordinates gives the
length of the focal zone.

8.8.7.2 Acceptance criterion

The length of the focal zone shall be within #20 % of the manufacturer’s specification stated in the

probe data

42

sheet.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6bca5d2334aad4eae038683c3480e024

8.9

8.9.
The

IS0 22232-2:2020(E)

Beam parameters for straight-beam dual-transducer contact probes

1 General

procedures given in this subclause are for probes with flat contact surfaces only.

Contoured probes should be evaluated on reference blocks having the same curvature as the sample
the probe shoe was fitted to. If this is not possible, they can only be evaluated on reference blocks with

flat

contact surfaces before applying the contour to the probe shoe.

8.9
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equiivalent (e. g. steel) as near field equivalent sound path. A hethod for the determination

pat

8.9

8.9

Thd
focd

The
to ¢

Thd

8.9

Thd
the

8.9

nticylindrical block or a block with parallel faces shall be used whose reflecting surface is a
est to the focal point but within the focal zone. If a test block with a quadrant.or’ a hemicylindrical

oY . 1 1= 1 1 1
r4 vcidy 1< Uuciay pdtil

straight-beam dual-transducer contact probes the echo out of a test block withya d

k is used, the probe shall be optimized in position to obtain the maximuni’signal from
face of the block.

the horizontal axis of the display to sound path mode, using the soundjvelocity of the tes
position of the transmitting pulse to the zero position on the herizontal axis of the di
position of the echo from the reflecting surface of the block, thén subtract the distance
k to obtain the delay path of the delay line. The delay line delay path is expressed in m

1is given in Annex C.
3 Focal distance

3.1 Procedure

point of maximum amplitude in the distance-amplitude-curve according to 8.5 is def
1 distance.

echo heights from reflectors (s€e Fable 5) at distances within the expected focal zone sh
stablish a distance-amplitude curve (with at least eight points).

separation layer of the probe shall be perpendicular to the axis of the side-drilled holes.

3.2 Acceptance criterion

position of thé maximum echo shall be within #20 % of the manufacturer’s specificatid
probe data sheét.

4 Axial’sensitivity range (focal zone)

uadrant, a
Fa distance

the curved

t block. Set
bplay. Read
in the test
Im material
f the delay

ned as the

all be used

n stated in

8.9

4.1 Procedure

From the curve measured in 8.6.2.2, the -6 dB points shall be determined.

8.9.

4.2 Acceptance criterion

The axial sensitivity range (length of the focal zone) shall be within #20 % of the manufacturer’s

spe

©IS

cification stated in the probe data sheet.
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8.9.5 Lateral sensitivity range (focal width)

8.9.5.1 Procedure

To determi

ne the lateral sensitivity range one of the following methods shall be used:

a) Using an electromagnetic-acoustic (EMA) receiver.

This test uses the same setup as that used for single-transducer probes (see 8.8.3).

The beam profile for each transducer shall be measured separately and the combined profile shall

be cald
Select

Operat
of the

Recorq

profilg.

At eac
each ti

These

The -¢
drop fi

The m

separation layer of the probe.

b) Using1

A test

the probe.

The pr
These

The sc
two pe

c) Using{

A test
closet

ulated from the product of the two beam profiles.
h semi-cylindrical test block with its radius close to the focal distance of the probe under

ing each transducer of the probe in turn, scan the EMA receiver over the cylindtical sur
est block.

| the amplitudes of the signals from the two transducers for each position within the b¢

h point within the beam multiply (dB values shall be added) the ‘amplitudes measured
ansducer.

products give the directional pattern of the dual-transdugey’probe.

dB boundaries of the combined beam occur where-these products are reduced by a 4
om the maximum.

basurement shall be made in two perpendiculat directions, parallel and perpendicular to

est blocks with 3 mm side-drilled holes;

block shall be used which has a 3.min side-drilled hole close to the position of the focu

bbe shall be shifted on the equpling surface until the echo of the side-drilled hole drops by 6
positions of the probe-previde the -6 dB focal width perpendicular to the beam axis.

anning shall be done’parallel and perpendicular to the separation layer of the probe to
rpendicular focalwidths.

est blocks With hemispherical-bottomed hole.

block Shall be used which has a hemispherical-bottomed hole, maximum 10 mm diamg
b thie position of the focus of the probe.

est.

face

bam

for

dB

the

s of

dB.

rive

ter,

The p

obe shatt be shifted on the coupling surface untitthe echo from the hemisphericat-bottor

hole drops by 6 dB.

These positions of the probe provide the -6 dB focal width perpendicular to the beam axis.

ed

The scanning shall be done parallel and perpendicular to the separation layer of the probe to give
two perpendicular focal widths.

8.9.5.2 Acceptance criterion

The width of the focal zone parallel and perpendicular to the separation layer shall be within +20 % of
the manufacturer’s specification stated in the probe data sheet.
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8.10 Beam parameters for angle-beam dual-transducer contact probes

8.10.1 General

The

procedures given in this subclause are for probes with flat contact surfaces only.

Contoured probes should be evaluated on reference blocks having the same curvature as the sample
the probe shoe was fitted to. If this is not possible, they can only be evaluated on reference blocks with

flat

contact surfaces before applying the contour to the probe shoe.

For angle-beam dual-element contact probes that generate waves on or along the object surface, e.g.

cre
8.1(

8.1

8.1

The
(sed

8.1
The

8.1

8.1
The

a)

eping waves or Rayleigh waves, a notch at the contact surface shall be used in 8.10.5 (focalﬂ

).6 (Iength of the focal zone) and 8.10.7 (focal width).
).2 Index point

D.2.1 Procedure

8.8.2).

).2.2 Acceptance criterion

index point shall be within #1 mm of the point markedby the manufacturer.
D.3 Beam angle and profiles

D.3.1 Procedure

Using an electromagnetic-acoustic (EMA) receiver.

calculated from the product of the two beam profiles.

profile.

transducers.

b)

‘)

©IS

These products give the directional pattern of the dual-transducer probe.

distance),

index point shall be determined using a test block as for a single-transducer angle-bam probe

beam angle of a dual-transducer probe‘shall be determined using an EMA receiver, reflg¢cting side-
drilled holes or hemispherical-bottomedholes:

This test uses the same sé€tup as that for single-transducer probes (see 8.8.3). The bgam profile
of each transducer of the-probe shall be measured separately and the combined prof}le shall be

Operating each trausducer in turn, scan the EMA receiver over the cylindrical surface of th¢ test block.

Record the amplitudes of the signals from the two transducers for each position within the beam

At each point within the beam multiply the measured amplitudes (dB values are added) for the two

The 6 dB angles of divergence for the beam occur where these products are reduced by 6 dB from

the maximum.

The beam angle shall be calculated from the arithmetic mean of the angles of divergence.
Using side-drilled holes of 3 mm diameter.

The same setup as for a single-transducer probe shall be used (see 8.8.3).

Using hemispherical-bottomed holes, maximum 10 mm diameter.

The same setup as for a single-transducer probe shall be used (see 8.8.3).
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