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Foreword

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

To improve guided-wave tests, coverage will be extended from above-ground to underground
facilities, and the technology will transition from single-element use to multi-element phased-array
technology. Noticeable advantages in using the phased-array ultrasonic guided-wave technique over
the conventional single-element technique are improvements in the signal-to-noise ratio (SN ratio) and
in the testing reliability in harsh environments like buried or coated pipelines.

Alow signal-to-noise ratio in buried or coated pipe reduces the sensitivity and the range of conventional
guided-wave testing. The phased-array guided-wave focusing method presented in this document can
overcame this issue. Beam focusing and steering with the proper mode selection is a key benefit.
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Non-destructive testing — Ultrasonic guided-wave testing
using the phased-array technique
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ermore, this document consists of an optimized process to draw reliable testresults o
rases. This document provides guidance on the use of phased-array»guided-wav
Is types of inaccessible structures, including buried pipelines madelof carbon steel
The methodology outlined in this document includes an optimized-process for achig
esults on inaccessible pipe cases, with adjustments made to the'beam pattern of th
n based on the defect type, location, and frequency. The process also takes into cons
ution diagram of the guided waves and the characteristics of the selected mode,
ng and steering achieved by adjusting the excitation time delay for each transducer
er of circumferential arrangement intervals of a given'array probe.
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bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document:‘For dated references, only the edition cited
ed references, the latest edition of thereferenced document (including any amendmg

h77, Non-destructive testing — Ultrasonic testing — Vocabulary
/12, Non-destructive testing.<> Qualification and certification of NDT personnel

3211, Non-destructive.testing — Guided-wave testing of above-ground pipelines and|
guided-wave testing:with axial propagation

8243, Non-destrugtive testing — Ultrasonic testing with arrays — Vocabulary
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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/

4 Personnel requirements

The personnel performing phased-array ultrasonic guided-wave testing shall be qualified in accordance
with ISO 9712 (Level 1 with an additional 6-month training).

If ISO 9712 is not applicable to a specific situation, such as in cases where the relevant industrial sector
has established other equivalent standards, those standards shall be used instead.
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The personnel shall be trained on the use of the specific test equipment because there are significant
differences between the available systems and diagnostic approaches.

5 Principles of phased-array guided-wave testing

The phased-array guided-wave testing is a technique that enables focusing and steering of ultrasonic
waves by synthesizing a plurality of ultrasonic beams having a phase difference through a time delay
between different ultrasonic probes. The phased-array guided-wave technique enables focusing and
steering of ultrasonic beams.

Previously, as shown in Figure 1, only the synthesis of bulk wave signals was used. A similar principle
can be applipd to the signal synthesis of guided-waves; and this principle is applied to improye the
reliability anfd test signals of guided-wave ultrasonic testing.

The phasedrarray probe is divided into torsional-mode and multi-mode modules” (tordional,
longitudinal], and each module is connected to a multi-channel instrument. The multischannel mqdules
are operated sequentially with time delay, focusing and steering the ultrasonic beam to the volume to
be tested.

1

I
Jj/ N

o

1

Key
1 probe element
2 testobjeqdt
3  imperfection

Figure 1 — B¢hematic showing the difference between the conventional phased-array ultrasonic
testing (UT-PA) and the described guided-wave testing; a) Conventional UT-PA; b) Described
guided-wave UT-PA.

6 Testequipment

6.1 General
The pulse-echo mode or pitch-catch mode technology shall be used.

The electronic system used for signal processing and analysis shall be capable of distinguishing the
induced wave modes used in specific detection systems.

The instrument shall also have a device to display and record data.

2 © IS0 2023 - All rights reserved
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For covered test objects, the following procedure shall be applied:

a)
b)

)
d)

e)

6.2

The t¢st instrument shall be able to perform the following functions:

a)
b)

6.3
a)

b)

c)

d)

73:2023(E)

determine the maximum possible distance for testing according to the covering environment;

dismantle the covering material and remove the buried soil to install the guided-wave array

module;

secure access space for the operator;

secure access space for equipment, equipment installation and initial software operation checks;

prevent interference of the initial diffusely reflected signal in the sound field near the guided-

‘I avilo.

Test instrument

t generate and receive pulses in a frequency range of 20 kHz to 1 000-kHz;
ope or more of the following guided-wave modes:
lgngitudinal guided-wave mode;

torsional guided-wave mode;

o)

focusing function to allow specific testing of suspected areas;

synthetic focusing:

focusing:

1) deliberate concentration of guided-wave modes at a single circumferential and ax

2) controlling a multi-mode prebe*module to function differently at different pos
surface of an object enables.the possibility of focusing the testing at a specific axi
position on the object. This enhances sensitivity and spatial selectivity. To ach
data collection process needs to be repeated for each axial and lateral position of

Probe

Probes for transmitting and receiving signals shall be able to tune proper guided-way
pipe.

hen using more than two guided-wave modes, the wave modes shall be applied t
separdtely, not simultaneously.

al position.

tions on the
hl and lateral
eve this, the
nterest.

e modes in a

o test object

Pirobe element with a frequency range of 20 kHz to 1 000 kHz shall be used; either onfe continuous

ring or an individual probe may form a ring, resulting in axial symmetrical waves.

Other frequencies may be used for specialized tests specified in the test procedure.

6.4 Environmental requirements

The following environments shall be considered:

a)

in the case of cladding or coating, the coating material, the bonding strength of the c

oating to the

pipe surface, the area and volume of the coated area, the installation period of the coating material;

b) for buried test objects, soil quality, earth pressure (depth of burial, compressive strength of soil

and pipes, buried period), moisture content, length and area of buried site;

© IS0 2023 - All rights reserved
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c) other criteria, e.g. whether straight pipe or curved pipe, number of elbow positions, position of
welds, support positions and their shape.

7 Periodical check of the test equipment

7.1 Periodical check of the instrument

The instrument shall be checked every 12 months by the manufacturer or a qualified test laboratory.
After repairs and when a new software version is loaded, a check shall also be performed on the

following:

a) power c:
b) pulser fy
c) receiver
d) DAC (dis

e) linearity

ipacity;

equency and amplitude;
input impedance;

tance amplitude curve);

of TCG (time-corrected gain).

7.2 Periodlical check of probe

Perform a vi
check of test

The periodic

7.3 Check

The setting d
Annex A, it sl

The followin

a) Theinte
b) The cheg
the test
c) System (
and for s
7.4 Recor

sual check of the probe. If there is a damage, replace the probe. A visual and func
ng hardware system is required.

0l checks shall be performed according to ISO 18563-3.

of the complete system setting

f the system shall be performed by default using pipes in service. Based on the check
nall be checked before and after the'test.

b processes shall be performed.
brity of a probe shall be(verified.

ks shall take into consideration the positions of the weldment, branch and coupling z
bbject.

onfigurationsaiid setting are required for each testing (including a series of similar
ystem alterations.

ding level

tional

list in

bne of

tests)

The recordir

g tevetstrattatwaysbemore tiram 6 dBabove the oise tevet:

8 Test procedure

8.1 General

The test procedure includes the following steps:

a) preparation of testing;

b) probe test position;

c) datacoll

ection;
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d) datainterpretation;
e) detection sensitivity;

f) visual confirmation.

8.2 Pre-requisites for object
The following information on the test object shall be provided as a minimum:

a) material, diameter and thickness;

b) clearance of the pipe;

c) elding treatment, e.g. circumferentially, axially welded, helically welded;
d) ekpected test range of the pipe;

e) pipe configuration (buried, coated, bends);

f) pfrobe arrangement on test object;

g) information on pipe support;

h) cpnditions of pipe surface (insulation, coating);

i) fluid flow rate in pipe;

j) té¢mperature of pipe;

k) limitations of testing;

1) testing timeline.
8.3 |Setting of the equipment

8.3.1| Coating removal process-for probe setup

For te purpose of setting up the probe, the process of removing the coating of the setting 1egion, a non-
metallic paint and epoxyupto 1 mm thickness, may be used, as long as it is well-bonded.

8.3.2| Setting of sensitivity and range
The main pardmeters that govern the propagation of guided-wave are:

— gpenerated wave mode (e.g. L(0,1), T(0,1));

— testfrequeney
— pulse bandwidth (determined by the excitation pulse duration and shape);
— pulse repetition frequency.

When no basic guideline exists for the setting of the instrument, the minimum requirements are as
follows.

a) The frequency and bandwidth shall match the specific guided-wave mode, related to the pipe
geometry and evaluation processing.

b) The pulse repetition frequency shall be chosen considering the attenuation of the previous pulse
amplitude. The previous pulse amplitude of the wave packet shall be attenuated as zero.

© IS0 2023 - All rights reserved 5
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c) A sufficient signal-to-noise ratio shall be provided by gain adjustment and frequency filtering to be
able to cover the maximum possible range according to the probe type used.

8.3.3 Setting of DAC and TCG
The setting of DAC and TCG shall be performed according to the following procedure.

a) When a pipe section of the test range has an appropriate reflector, such as a flange or open end, it
shall be used for setting with a 100 % section change.

b) In the absence of flanges or openings, one or more circumferential welds in the test range shall be
used for setting

c¢) The nomjinal wall thickness shall be between 6 mm to include quarter inch material and-13,mm.
d) The refl¢ction at a circumferential weld may be confirmed by a 20 % section change:
e) Ifpossible, the weld cap should be tested to achieve a precise value of the section,change.

f) Ifinaccepsible, the reflection at a circumferential weld may be replaced bycthe reflection of a[20 %
section ¢hange.

g) To establish DAC or TCG with respect to the standard amplitude, a,guided-wave attenuation factor
shall be $pecified by considering the distance along the axis.

h) Normal [to the pipe axis, the machined surface defines a¢100 % sound level, i.e. 0 dB in the
logarithmic decibel system.

Thus, the cirfumferential weld with a 20 % sound level cortesponds to -14 dB; and the 5 % sound level
corresponds|to =26 dB.

8.4 Classification of signals

The classificftion levels are illustrated in Figline 2. Three categories are specified:

Category 1 — signals between the -26 dB\surve (5 % curve) and the noise level (2,5 % curve);
Category 2 — signals between the -20)dB curve (10 % curve) and the -26 dB curve (5 % curve);

Category 3 — signals between.the =14 dB curve (20 % curve) and the -20 dB curve (10 % curve).

6 © IS0 2023 - All rights reserved
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0
0 5 10 15 20 25 30 35 40 X
Key
X  djstance in m Y signal in mV
1 cyrve-14dB category 1
2 cyrve-20dB [ ] category2
3  cyrve-26dB E= category3
4  weld signal
Figure 2 — Example of DAC curves and categories

8.5 |Periodical check of settings
If a guided-wave system setup is changed, the following points shall be properly checked and adjusted.
a) VH&WTﬁ_ﬁ_ﬁﬁn‘b_ﬁ—;'en apartot the testsystem is changed, a veritication shall be performed Using a basic test object

to verify whether there is a change in the detection range and sensitivity setting.

b) C
c) C

8.6
The p

heck whether the selected mode and frequency are well generated.

heck the setting table for equipment operation procedure standards.

Performing the test

lacing of the probes shall be done according to the following procedure.

a) The position of the probe shall be at the centre of the test object or at the end of its longitudinal
axis.

© IS0 2023 - All rights reserved
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b) In near field of the probe, considering the near field zone, the guided-wave mode is not properly
formulated. Moreover, no additional structure shall exist for a well-propagating wave signal.

c) When attached structures exist within the near field, the probe set shall be positioned on the test
object, as far away as possible from these structures.

d) When placing probes between weld regions or over two attached structures, they shall not be
mounted overly close to the regions to avoid the near field effect.

e) The probe shall be positioned on a clean surface.

9 Evaluafginmgtite testresuits

9.1 Geneifal

Not all refledted signals indicate imperfections, e.g. a pipe support, girth welding zone,\clamping|zone,
branch and rug.

The depth and circumferential extent of an imperfection and the axial sound-path affect the gyided-
wave reflect]on factor.

The main fadtor of reflection is the variation of the change of cross section.

9.2 Procefdure
The data evajuation shall be done with the following principlesiand shall be considered in the evalufation.

a) A frequgncy sweeping shall be conducted over thestecommended frequency range (e.g. 20 kHz
to 1 000| kHz for a metallic material with expected thickness range in 1 mm to 10 mm), allpwing
for varigition in the small circumferential extent or gradual changes in a longitudinal|axial
discontinuity.

b) All indigations more than 6 dB above‘the surrounding noise level shall be evaluated Hy the
classificqtion criteria.

c¢) The main factor of reflection is the-variation of the change of cross section.
d) The guided-wave signal is alse-generated by other reflection sources in the test object.

e) Visible cpnditions, e.g. welds, supports, position of branches, elbows and flanges are needed fpr the
evaluatipn of guided<wave signals.

f) The depth and circumferential extent of an imperfection and axial sound path affect the guided-
wave reflectionfactor.

g) All reflefted signals do not indicate discontinuities due to additional factors such as a support,
girth welding zone, clamping zone, branch and rug.

10 Test report

The test report shall include the following information as a minimum:
a) reference to this document (i. e. [SO 4773:2023);

b) identification of the tested pipeline;

c) type and manufacturer of the pipeline;

d) information about parts and locations;

8 © IS0 2023 - All rights reserved
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pipe nominal wall thickness;
pipe diameter;

surface condition;

length of pipe;

number of reports or revisions;
test conditions;

identification of the test equipment (ID mlmhpr)-

ISO 4773:2023(E)

anufacturer of the test equipment;

%)

bftware version used (latest update);
ghided-wave modes and frequencies used;

valuation results;

D

npme and dated signature of the responsible operator/inspector

© IS0 2023 - All rights reserved
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Annex A
(normative)

Checklist for the testing with ultrasonic guided-waves

A.1 Testing conditions

A.1.1 Removal of soil and insulation

The soil aroynd the test object and the insulation outside shall be removed to inspect fox defectsfusing

ultrasonic gliided-wave. After proper excavation procedures to ensure the safety ¢f\ personngl and

equipment, the soil around the test object shall be removed, the insulation shall becarefully rermoved

to inspect the test object for any defects using guided ultrasound or other ngnydestructive tgsting

techniques. |t is important to take care not to damage the piping or adjacent’infrastructure during

the removal|of insulation. The removed insulation shall be properly disposed of in accordancg with

applicable regulations.

A.1.2 Placement of probes

The guided-yave probe test target shall be placed at a distance of-at least the near field away from the

location of tHe zone to be tested, which is usually 1 m for metallic test objects.

A.1.3 Pre-processing of test object

a) The surface of the collar position shall be free‘from obstructions such as dirt, grease, lint| rust,
welding flux, weld spatter, oil and other foreign matter.

b) The coatfing thickness shall be checked.

c) Alayer that is well coated with non-metallic paint or epoxy, i.e. 0,5 mm thickness, does not n¢ed to
be remoyed.

A.1.4 Meapsurement of thickmness of joints at collar position

a) Prior to testing, the thickness of the collar joint part shall be measured.

b) Ifthere ils a problemy a part shall be measured that does not show the problem.

The problen] is usually defined as a reduction in wall thickness of 10 % or more from normal. The

surface temyerature of the test object shall be between 0 °C and 120 °C.

10
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A.2 Probe module type

HIHIE T B
= MHIEH - T
e

SEEE = —

longitudinal probes

torsional probes

Multi-mode probe module (longitudinal, torsional)
Multi-mode probe module (longitudinal, torsional)

Single-mode probe module (longitudinal)

Figure A.1 — Probe modules
For this technique, piezoelectric, MsS, EMAT may. be applied. But, the S/N ratio has to be checked to
meet the application.
One of the following module types shall be selected:
a) Multi-mode probe module (L + T),
In mullti-module implementation, lengitudinal and torsional probes can be used together.
For lgngitudinal wave 30 mmror46 mm shall be selected and 30 mm for the torsional modg.
b) Tprsional module (T)

The tprsional module.can use 30 mm and 46 mm wavelengths at the same time.

©1S0 2023 - All rights reserved 11
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A.3 Dispersion curves for phase and group velocities
Y

12 000
11000
10 000
9000
8000
7000
6 000
5000 \(/ 513
4000 N
3000
2000 1
1000

0) 5 10 15 20 25 30 35 40 45 50 55 60 65 %0 75 80 85 90 95100 X

4

frequency in kHz
phase velpcity in m/s
L(0,0) mqde

T(0,0) made

L(0,1) mqde

T(0,1) made

AW N R < X

Figure A.2 —Dispersion curves for phase velocity

Phase velocify dispersion curyesi¢an be easily recognized because, at their frequency cut off, (V) {tends
to be toward|infinity. Figure-AZ2 shows the variation of the phase velocity (V) versus the frequengy (f).
The phase vdlocity (V,) isblie’apparent speed of a point of constant phase within the pulse.

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b20a453268326f7954b68ec037b9e629

ISO 4773:2023(E)

6 000
5500 [—
5000 )
4500 /
4000 [

3500

\\(w

$» UUU i '/’
K /
2500 /
2000 L
[ 500 / 1
| 000 /
500

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65370 75 80 85 90 95100 X

Key

X  frlequency, in kHz

Y group velocity, in m/s
1 L[0,0) mode

2 T[0,0) mode

3 L[0,1) mode

4 T[0,1) mode

Figure A:3 — Dispersion curves for group velocity

The group velocity dispersion-curves can be easily recognized because, at their frequency cut off, (V)
tends|towards zero. Figure A.3 shows the variation in the group velocity (V,) versus the frequency U%
The group velocity (V) isthe apparent propagation speed of the pulse.

©1S0 2023 - All rights reserved 13
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A.4 Frequency selection
Y

0 —_

L~
-6 1 AN
12 1/ // \\ / ><
-18 /

MR
WY

( 20 40 60 80 100 X

\
\
X

N/

Key
frequency in kHz
output in|dB

3 ring, 46|mm

NP X

3 ring, 30|mm

Figure A.4 — Effect of frequency and ring'spacing on L(0,2) output

T X RO AT DRIPR
/N
/

-30 '
d 20 40 60 80 100 X

Key

frequency in kHz
output in dB

2 Ring, 30 mm

3 Ring, 30 mm

W N R <

3 Ring, 45 mm
Figure A.5 — Effect of frequency and ring spacing on T(0,1) output

The optimum test frequency bands for each probe module are shown in Figure A.4 and Figure A.5.

The closer the output is to zero, the higher the sensitivity.
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