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reword

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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Guidelines for in-service inspections for primary coolant
circuit components of light water reactors —

Part 1:
Mechanized ultrasonic testing

1
Thi

Scope

5 document gives guidelines for pre-service-inspections (PSI) and in-service inspection;

mec¢hanized ultrasonic test (UT) devices on components of the reactor coolafit-circuit of

rea

Me¢hanized ultrasonic inspections are carried out in order to enable an(evaluation in case of

ctors. This document is also applicable on other components of nuclear installations.

fault indications (e.g. on austenitic weld seams or complex geometry),
indications due to geometry (e.g. in case of root concavity);
complex geometries (e.g. fitting weld seams), or

if a reduction in the radiation exposure of the testpersonnel can be attained in this way|

Ultrrasonic test methods are defined for the validation of discontinuities (volume or sur

req

1lirements for the ultrasonic test equipmentyfor the preparation of test and device syst¢

impglementation of the test and for the recording.

Thi

5 document is applicable for the detection of indications by UT using normal-beam probeg

beam probes both in contact technique:’ It is to be used for UT examination on ferritic and

wel
nat
int

s and base material as search-techniques and for comparison with acceptance crit¢
onal referencing nuclear safety standards. Immersion technique and techniques for siz
he scope of this documentand are independent qualified.

NOTE Data concerning-the test section, test extent, inspection period, inspection interval and €

indi

cations is defined in thé-applicable national nuclear safety standards.

Unlgss otherwise spegified in national nuclear safety standards the minimum requirements of this d

app

icable. This doeument does not define:
extent of'examination and scanning plans;

aceeptance criteria;

(ISI) with
ight water

face open),
ms, for the

and angle-
austenitic
bria by the
Ing are not

valuation of

cument are
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immersion techniques;

time-of-flight diffraction technique (TOFD).

It is recommended that UT examinations are nearly related to the component, the type and size of defects to be
considered and are reviewed in specific national inspection qualifications.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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ISO 5577, Non-destructive testing — Ultrasonic testing — Vocabulary

ISO 8596, Ophthalmic optics — Visual acuity testing — Standard and clinical optotypes and their
presentation

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

[SO 16811, Non-destructive testing — Ultrasonic testing — Sensitivity and range setting

ISO 18490, Non-destructive testing — Evaluation of vision acuity of NDT personnel

EN 12668-1._Non-destructive testing — Characterization and vprifi{'nfinn nf ultrasonic examination
equipment [— Part 1: Instruments

EN 1266812, Non-destructive testing — Characterization and verification of ultrasonic ekxaminagion
equipment |— Part 2: Probes

ISO 18563}1, Non-destructive testing — Characterization and verification of ultrasenic phased afray
equipment (— Part 1: Instruments

ISO 185632, Non-destructive testing — Characterization and verification of ‘ultrasonic phased afray

equipment

3 Terms and definitions

For the pui
ISO and IE
[SO On

IEC El¢

31
analysis s
testscanw

3.2
analysis t¢
test techni

3.3

— Part 2: Probes

poses of this document, the terms and definitions given'in ISO 5577 and the following ap
[ maintain terminological databases for use in statydardization at the following addresse
line browsing platform: available at https://wWww.iso.or

ctropedia: available at http://www.electropedia.org/

Can

ply.

1%2]

ith adopted parameters that is required for more precise characterisation of an indication (B.3

echnique
ue that is applied for more precise characterisation of indications (3.3) subject to analys

indication
represent

[SOURCE: ISO/TS8173:2005, 2.14]

ion or signalfrom a discontinuity in the format allowed by the NDT method used

iS

Note 1 to entTy; Signal that is initiated by operationally induced damage mechanisms, geometrical as Welll as,

material or C‘lcaisu trrduced-inftuences

3.4

evaluation
assessment (3.5) of indications (3.3) revealed by NDT against a predefined level

Note 1 to entry: Inspection of the recorded measured data in respect to completeness and analysis capacity,

localisation

and registration of indications according to defined criteria, representation of the test results

[SOURCE: EN 1330-2:1998, 2.10]

3.5

assessment
comparison of the analysed measuring results with specified criteria

© IS0 2020 - All rights reserved
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3.6
data storage medium
storage medium for storing digital media

3.7

focal length

focal distance

distance from the probe to the focal point

[SOURCE: ISO 5577:2017, 4.2.13]

3.8
focyis range

focgl zone

zong in sound beam of a probe in which the sound pressure remains above a defined leve
its lﬁlaximum

[SOPRCE: IS0 5577:2017, 4.2.14]

Note¢ 1 to entry: During measurement with the electrodynamic probe i Sound transmission
corilesponds to a decrease in the signal level by 3 dB in comparison to the magximum value.

Not¢ 2 to entry: In general limitation by the decline in the signal level by 6/dB.

focuis depth
focal point
point where the sound pressure on the beam axis is atdts maximum

[SOPURCE: 1SO 5577:2017, 4.2.12]

calibration block
<ulfrasonic testing> piece of material of specified composition, surface finish, heat tred

related to

this value

in relation

tment and

geometric formy-by means of which ultrasonic test equipment (3.43) can be assessed and calilprated

[SOPRCE: 1SO 5577:2017, 5.4.1]

Not¢ @40 entry: The calibration blocks according to ISO 2400 and ISO 7963 can be used as calibr

htion blocks

o b . - | b
ACCOTTIITE O tITIS TOCUIIIeITt:

3.13
calibration reflector

reflector of a known geometry and size in or on the calibration block (3.12), test reference block (3.15) on
the test calibration block, for distance or sensitivity adjustment of the ultrasonic test instrument (3.44)

3.14

component

part of a system delimited according to structural or functional aspects, which can still
independent sub-functions

© IS0 2020 - All rights reserved
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3.15

reference block
block of material representative of the material to be tested with similar acoustic properties containing
well-defined reflectors, used to adjust the sensitivity and/or time base of the ultrasonic instrument
(3.44) in order to compare detected discontinuity indications (3.3) with those arising from the known

reflectors
[SOURCE: I
3.16

S0 5577:2017, 5.4.2]

time of flight

time it takes an ultrasonic pulse to travel from the transmitter probe through the test object (327
the receivdr probe

[SOURCE: ISO 5577:2017, 3.2.6]

Note 1 to entry: This comprises the lead time in the UT probe and the time of flight in the camponent; it is

time that an

3.17

LLL techn
test techni
the inspect

ultrasonic pulse requires from the oscillator to a reflector and back to the oscillator.

que
Hue based on the reflection of the sound package at the back wall.ahd at a planar reflectd
ion volume using /utilizing longitudinal waves

Note 1 to enftry: See Annex A, no. 7.

3.18

LLT techn
test techni
inspection

que
que based on reflection of the sound bundle at the back wall and at a planar reflector in
volume using/utilizing the mode conversionoflongitudinal waves and transversal wave

Note 1 to enjtry: See Annex A, no. 7.

3.19

measurement scan

movement

3.20

raw data
all measu
measurem

of the UT probes with simultaneous recording of measured data

‘ed data and setting) parameters saved by the ultrasonic test equipment during
bnt run (recordedand saved data)

Note 1 to enftry: Examples-ofiraw data include amplitude, time of flight, and coordinates.

3.21

test section

part of the

testarea (3.23)

3.22

test supervisor
responsible for application of the test method and for the individual details of the test implementation
including monitoring of the activities for preparation and implementation of the test as well as analysis
of the test results (3.24)

3.23
test area

defined area on the test object (3.27) over which the tests are to be conducted

[SOURCE: I

S0 5577:2017, 6.2.2]

) to

the

the

the
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3.24
test result
summarising evaluation of all measured data and comparison with the previous test

3.25
test scan
measuring run with the characteristics specified in the test specifications

3.26
test function
test task assigned to a UT probe or UT probe combination, e.g. coupling check

3.2
test object
objéct to be tested; object under test or examination; part of a component to be tested

3.28
tesfrobots

scanner

meg¢hanical device with control for guiding the UT probes

3.29
noige level
amplitudes of background noise in an ultrasonic system

Note 1 to entry: 95 % value of the sum frequency of the amplitudes, measured during the reference
runfin an indication-free range

[SOPRCE: ISO 5577:2017, 6.5.16]

3.3D
signal to noise ratio
ratip of the amplitude of a signal arising from a discontinuity in a material to the amplif
avelage background noise level (3.29)

[SOPURCE: EN 1330-2:1998, 2.16]

3.3
refeérence scan
measuring run for the fiin¢tional control and functional adaptation of the ultrasonic test equ

3.3
hysteresis correction

run or test

ude of the

ipment

corfection to the'decrease in the calibration level resulting during the tandem test or during the test

with a comparable test system, if the planar reflectors are not oriented vertically to the
vertically-te the sound incidence level

3.3

transmitter-receiver technique (TR-technique)
pitch and catch technique
double probe technique

surface or

ultrasonic testing technique involving the use of two probes both of which can be used as transmitter

and receiver

3.34
track offset correction

correction to the decrease in the calibration level of planar reflectors in the middle between two tracks

3.35
tandem zone correction

correction to the decrease in the calibration level of the calibration reflector to the tandem zone edges

© IS0 2020 - All rights reserved
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3.36
test block

defined piece of material which allows tests for the accuracy and/or performance of an ultrasonic test
system (3.43)

[SOURCE: 1

S0 5577:2017,5.4.3]

Note 1 to entry: Specimen for examining properties of a test method, an ultrasonic test instrument or a test system.

3.37

depth zone

sub-range

3.38

transfer c
correction
calibration

[SOURCE: I

3.39
trigger dis

rtne wall thicknesses to be tested

prrection
of the gain setting of the ultrasonic test instrument (3.44) when transferring theprobe fra
(3.12) or reference block (3.15) to the test object

SO 5577:2017, 5.4.5]

tance

path that the UT probes travels between two test cycles of the same testfunction following in succes

3.40

scan withgut couplant

measuremsg

3.41

TTT techn
test techni
test volum

nt scan (3.19) without coupling between the UT probe-and test object (3.27)

ique
ue based on reflection of the sound bundle‘at the back wall and at a planar reflector in
e using / utilizing shear waves

Note 1 to enjtry: See Annex A, no. 7.

3.42

ultrasonic
equipment
instrumen

[SOURCE: I

Note 1 to e

test equipment
consisting of an ultrasonic instrument (3.44), probes, cables and all devices connected to|
[ during testing

S0 5577:2017, 5.3:]

unit and, if pecessary, opefrating PC including software.

3.43
ultrasonid
instrumen
ultrasonic

[SOURCE: 1
3.44

test instrument
[ used together with the probe or probes, which transmits, receives, processes and disp

ma

bion

the

the

try: Connectedidevices consist also test robot and analysis unit including software, digitalisation

ays

Sigmats for NDT purposes

S0 5577:2017,5.1.1]

ultrasonic test technique
application-relevant technique for the localisation of discontinuities (internal or surface open)

Note 1 to entry: In relation to the application, requirements result for these ultrasonic test techniques in respect
to the test parameters such as oscillation variable, beam angle, wave type and frequency.

Note 2 to entry: Test techniques are e.g. pulse-echo system (PE), transmitter-receiver system (TR), tandem
system, phased-array system (PA).

© IS0 2020 - All rights reserved
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3.45

reference reflector

reflector (natural or artificial) with known form, size and distance from the test surface in the
calibration block (3.12) or reference block (3.15), which is used for calibration or assessment of detection
sensitivity

Note 1 to entry: A reference reflector can also be used as a calibration reflector.

3.46

angle-dependent amplification compensation
correction to the echo level for compensation of the sound pressure change in relation to the beam
angle at phased-array probes

Not¢ 1 to entry: See Figures D.2 and D.3.
[SOPRCE: 1SO 5577:2017, 6.4.2]

4 |Test systems

4.1 Preliminary remark

The suitability of the test technique and the test device system$hall be validated corresponding to the
reqpirements of the applicable national nuclear safety standards.

NOTE The procedure for the qualification is described in ENIQ report no. 31[€l.

A general test procedure shall be prepared. Annex Econtains the items of the general test prfocedure.

4.2| General

The test techniques described below are-tsed to locate discontinuities (search technifjues). Test
techniques for the analysis of indication§can be found in 6.4.

The relevant test sections shall be checked so that the required registration thresholds are complied
with in even the least favourahlé.case. This results in requirements e.g. for the track offset correction,
the[transfer correction, the trigger distance and the travel speed, that depend on the relevaint selection
of probes (e.g. oscillation varijable, test frequency, beam angle) and the depth range to be tested.

Degending on the test@ssignment, the following probes shall be used in contact technique:
— |Single transdficer probes;
— |TR-probes;

— |Phased-array probes;

— |Electromagnetic acoustic transducer (EMAT).

NOTE The specific requirements for the use of EMAT probes are not discussed in this document.

In the case of tests on austenitic components and dissimilar metal welds, the test capacity can be
impaired by the weld metal structure (e.g. inherent coarse-grained and/or a directionally-oriented
structure). This can cause variations in attenuation, reflection, refraction at grain boundaries and
velocity changes within the grains. It usually is necessary to modify and/or supplement the general
settings of this standard when examining such welds or base materials. Additional items could be weld
mock-ups with reference reflectors in the weld deposit and weld area and single or dual longitudinal
angle beam probes.

© IS0 2020 - All rights reserved 7
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4.3 Validation and localisation of reflectors

4.3.1 Pulse-echo technique (PE technique)

The PE technique (see Annex A, No. 1 and No. 2) records the total wall thickness range. It is used with
longitudinal and transversal/shear waves and with various beam angles and test frequencies.

Areflectorislocalised via the measurement of the sound path at known UT probe position, known beam
direction and known beam angle. For setting the test sensitivity for the area of interest see 6.1.6.3.

4.3.2 Tramsmitter-Receivertechmique {TRtechmique)—————————————————————————————

The TR-ted
fields of tn
waves (TR

A reflector
beam dired

4.3.3 Ta

The tandem technique (see Annex A, No. 5) is used when testing in t€st areas with plane-paralld

concentric
normally t
with nomi
be in the r
It is recom
occurred.

The localis
It depends

the dig

the an

In the case
considerat

In case of @

4.3.4 Ins

An ultraso
waves or \

the walll thickness,

hnique (see Annex A, No. 3 and No. 4) records the wall thickness range in which the'So

) or transversal waves (TRT) with various beam angles and test frequencies.

tion and known beam angle.

hdem technique

surfaces. This technique primarily serves for the detection of planar reflectors orier
b the surface. This utilises two UT probes that transmit and receive transversal waves ¢
nal beam angle of 45°. To prevent mode conversionschgam angle and reflection angle sh
hinge from 40° to 50° when applying transversal wave UT probes for the tandem techni

htion of a reflector in respect to the depthlecation is possible by indication of the depth z
on

tance of the two UT probes, and
bles of incidence of the transmitter probe and the receiver probe.

of the tandem technique, the depth zones shall cover the reflector expectation range
on of surface irgegularities and, if necessary, wall thickness changes.

urved surfagesythe change in the sound path due to the geometry shall be considered.

pection.technique with mode conversion

hie' inspection technique that uses the conversion of longitudinal waves in transversal/sh

und

ansmission and reception converters overlap. The TR-technique is used with,lengitudfnal

is localised via the measurement of the sound path at known UT probe position, kngwn

|l or
ted
ach
uld
ue.

imended that also probes with longitudinal wavés can be used, but mode conversion caf be

bne.

vith

ear

ed

ice’versa (I LT fprhnir}np), is used for the validation of surface connected and embe

indications (see Annex A, No. 7). It is also possible to use a technique which reflect the UT sound by
utilizing only longitudinal waves (LLL technique) or only transversal waves (TTT technique).

The reflector location is determined by measuring the time of flight at known UT probe position, known
sound direction and known beam angle in relation to the wave mode. The actual sound path cannot be
read off directly owing to the conversion into wave modes with different sound velocities. An ultrasonic
test technique with mode conversion shall be verified with measurements at a reference block.

In the mode conversion technique, the depth zones shall cover the indication expectation range with
consideration of flaw inclined positions, surface irregularities and, if applicable, wall thickness changes.

NOTE In practice, test techniques are used, which are characterised by two spatially separated transducers
with the same beam direction and usually with different angles of incidence, whereby one transducer serves for
transmission and the other for reception.

8 © IS0 2020 - All rights reserved
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4.3.5 V-transmission technique

The V-transmission technique (see Annex A, No. 8) is used for recording the coupling and transfer
fluctuations and for the validation of large material separations (in relation to the sound beam) when
testing components.

4.3.6 Phased-Array technique (PA)

The PA-technique (see Annex A, No. 6) can be used as a fixed angle probe a (E-scan) or as a group
radiation system with a swivel angle range a, to a , (S-scan) using linear array as preferred search units.

Otl—:tr than linear array probes can be used. The usage and the comparability to PE- or|linear PA-
technique shall be shown on the basis of a qualification.

4.3]7 Preferred angles of incidence and wave modes for search techniques

Takiing the optimum incidence angle into consideration, the beam angles/and wave njodes shall
preferably be selected according to Table 1 for the search techniques.

Table 1 — Preferred beam angle and wavemodes

Logation of the reflector TR systemd HMAT

close to probe 0° — L —

Beam angle? PE systemd

45° Te T —
2 65° — L THP

Clpse to
syrface | far from probe 0° L — —
%a ! 30° to-702 T T (L) THP
In the volume 0° L L —
40°to 70° T T (L) THP

Inspection techniques to be used are marked by L, T or TH (see Annex A). Those not to be used are mark¢d by a dash
=)
a  |Depending on the geometry of the test object, other beam angles may also be used.

b |Elé¢tromagnetically excited horizontally polarised transversal waves (TH). The equivalence shall be vglidated by a
qualification.

¢ When testing over the full path.
d  Both techniques can also be implemented by using PA probes.

¢ For austenitic welds or base material the longitudinal waves are less effected by coarse grain structure of austenitic
material.

For the testing of materials that are difficult to test, for inspection techniques with mode conversion as
well as in the case of complicated geometries, the beam angle and the test frequency shall be adapted to
the test assignment and their suitability validated by measurements on reference block.
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5 Requirements
5.1 Test personnel

5.1.1 Task of NDT personnel

NDT personnell4l have a great responsibility, not only with respect to their employers or contractors
but also under the rules of good workmanship. The NDT personnel shall be independent and free from
economic influences with regard to his test results, otherwise the results may be compromised. The
NDT personnel should be aware of the importance of his signature and the consequences of incorrect

test resultj] for safety, health and environment. Under legal aspects, the falsification of certificates.ip an
offence andl judged according to the national legal regulations. A tester may find himself'in a conflicfing
situation apout his findings with his employer, the responsible authorities or legal requireménts.
Finally, thg NDT personnel is responsible for all interpretations of test results carrying+iis signatjire.
NDT persopnel should never sign test reports beyond their certification (see Table 2);

NOTE For reasons of readability, the male form is used with personal names, however the female form is
also alwayslintended.

5.1.2 Pefsonnel requirements

The test personnel comprise operating personnel for test robots,/operating personnel for ultrasgnic
test devicel and analysts as well as the test supervisor.

Those perdonnel, using qualified NDT procedures and equipment, shall be qualified through one orfany
combinatign of the following:

a) certifi¢ation through a national NDT personnel cerdification scheme;

b) theoreftical and/or open trials;

c) blind trials.

Any persopnel certification requirements invoking relevant national NDT personnel certification
schemes (d.g. see ISO 9712) shall be xalidated according to Table 2. Any additional personnel traifing
requirements shall also be specifiedin' the qualification dossier.

If no relevant scheme exists or\if’ extra personnel qualification is needed, the qualification body sghall
determine |the additional practical and theoretical examinations needed beyond those in the natigpnal
certification scheme, includethese in the qualification procedure and ensure that the NDT procedure flso
includes the necessary fequirements. The qualification procedure shall describe the proposed systen.
The test spiperviser.is responsible for the application of the NDT qualified system and shall Have
the knowl¢dge required for his tasks as well as sufficient knowledge of the application options jand
limitation

induced fla

supervisor, who has the requisite experience in respect to the test ob]ect test a551gnment test method
and device system.

The operating personnel for test robots and ultrasonic test devices shall be trained for the special
requirements of the work to be performed. In particular, they shall have adequate experience in the
implementation of automated ultrasonic tests and knowledge about the test object in respect to these
requirements.

The analysts shall be trained for the special requirements of the work to be performed and have
experience in the analysis and evaluation of UT indications as well as knowledge of the test object and
the characteristic appearance of indications.
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Test personnel performing NDT and the evaluation of the results shall be qualified in accordance with
ISO 9712 or equivalent at an appropriate level in the relevant industrial sector.

Table 2 — Minimum requirements for the test personnel

Test personnel Qualification
Operating personnel for test robots Validation by training
Operating personnel for ultrasonic test Certified with at least level 2 according to ISO 9712 or comparable
devices (test inspector) qualification
Analysts Certified with at leastlevel 2 according to ISO 9712 or comparable
qualification
Tes|t supervisor Certified with level 3 according to ISO 9712

The test personnel shall fulfil the vision requirements of ISO 9712.

Thd

test personnel shall provide annual validation of their visual ability, which’ has been determined

by fn ophthalmologist, optician or other medically recognised person. The vision requifements of

[SO|9712 shall be fulfilled. The following modifications can be used as substitutes to ISO 9712.

d) [The visual acuity testing shall be conducted with standard sigus in accordance witlh ISO 8596
(Landolt rings) or ISO 18490 (E shaped character). Here a near®ision acuity of 1,0 at a tejst distance
of 0,33 m with at least one eye, with or without optical aid-skall be validated.

e) |The ability to distinguish between colours and between grey shadowing shall be validated with
colour sense test boards. The validation can typically.be conducted with the help of Ishihara colour
boards as well as the "shades of grey test". In case;of anomalies, the employer shall decifle whether
the ability to see colours is sufficient for the test:assignment.

5.2| Test object

Theg weld crown condition shall be ground-flush or machined to allow for unobstructed agcess to the

weld (scan over weld deposit). The examination surfaces shall be free of irregularities, loode material,

or doatings, which interfere with theiltrasonic wave transmission. Areas where ultrasoni
inadlequate shall be documentedias-limitations.

Ref

5.3

5.3

Ultrasonic test-equipment

1 Prelimifary remark

The ultrasonic test equipment shall fulfil the requirements for electromagnetic compatibilit

5.3

2~ Test robot

F contact is

brence points shall be permanently marked on the component for positioning and calibrdtion.

The test robot (also called remote handling manipulator) shall fulfil the requirements for occupational
safety and enable a time-saving, non-mix-up assembly and operation, to limit the radiation exposure of

the

test personnel.

The test robot shall be designed so that:

the test section specified in the test procedures is recorded;

a reproducible local tolerance of 3 mm is not exceeded within a measurement for the mechanical

components;

an assembly global tolerance of 5 mm to the component coordinate system on the component is not

exceeded;

© IS0 2020 - All rights reserved
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— thetrack pitch upon meander measurement does not deviate from the target value by more than 20 %;
NOTE Test system requirements can make higher accuracies necessary.

— an encounter with obstacles is prevented (e.g. by limit switch);

— all components are secured against automatic or unintended loosening, falling or tipping;

— the UT probe or UT probe system is moved with the required contact pressure over the entire
test area;

— the position data with a resolution of less than or equal to 1 mm is continuously available;

— the position data can be converted in component-related coordinates;

— the elgctrical interference level resulting from drive and control elements is below the level of{the
joint irjdications in the relevant test section;

— the caIle connections are designed to prevent mix-ups (e.g. by marking);

— the rolyot can be extensively decontaminated.

5.3.3 Ul{rasonic test device

The charagteristics of the ultrasonic test device shall be verified jii\accordance with EN 12668-1| for
analogue gnd digital ultrasonic instruments for pulse operation.and in automated systems and with
[SO 1856311 for phased-array ultrasonic instruments.

The follow|ng device system properties shall be documentedby the manufacturer:
— numbdr of transmitter and receiver channels;

— raw ddta type (e.g.: RF., A-Scan);

— amplitude and time progression of the trafismitted signal;

— maxinjum transmitting pulse repetition frequency;

— scanning rate;

— frequency filter;

— outpuflimpedance of thie-transmitter;

— input impedance ofthe receiver;

— cross-falk between transmitter and receiver channels;

— ampliffertype (linear, logarithmic);

— dynamic range;

— resolution for the signal amplitude;
— frequency bandwidth of the receiver;
— software version;

— data reduction algorithm;

— protection standard (e.g. splash waterproof, immersion-proof).
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The ultrasonic test device shall fulfil the following requirements.

— Therelative measuring uncertainty of the time of flight shall not exceed 1 %. The manufacturer shall
ensure that this requirement is fulfilled in the entire frequency range of the ultrasonic test device.

— Mix-up of the storage of raw data shall be prevented.

— The option of monitoring measuring value for each test channel during the data collection/
acquisition shall be provided.

— If a depth or angle dependent amplification correction is possible: Mix-up of the storage of the

43 Lolll +ad [ A )
COTITP IS atroIr CUT v e S—SITalT OCT PT TV ETITCU (ST U T TC AT

At least before commencement and after completion of the in-service inspection, the~ultrpsonic test
devijice shall undergo a functional check and adjustment. Depending on the test assignmerit, the time
points for further functional checks shall be defined. The functional checks shall include:

— |Monitoring of the transmission channels (transducer probe, cable, amplifiery;
— |Linearity of the amplifiers;

— |Amplification reserve (total dynamics of the ultrasonic test device);

— |Linearity of the time of flight measurement.

The results of this functional check shall be documented. This functional check may be exequted in the
form of a self-check.

5.3/4 Data acquisition and analysis

Dath acquisition systems (DAS) shall be used, with which the signals, position data and pardmeter files
supplied by the ultrasonic test equipment canbe saved digitalised.

The DAS shall be selected in the way that-all data recorded from the ultrasonic test instrunpent can be
professed at the given data transfer rate’ The DAS shall be used for the assessment of measurgd UT data.

The operating system version and‘software including software version, of data processirg, shall be
documented.

Datp losses during the data acquisition shall be recognisable during the online or offline datp analysis.
5.3)5 UT probe

5.3]5.1 General

UT [probe,data sheets on which all-essential transducer probe properties are document¢d shall be
proyided for the applied UT probes.

The material at which these were determined shall be indicated in case of sound field relevant
parameters. The underlying sound velocity shall be indicated.

In case of curved test surfaces, the UT probes shall be adapted to the curvature in accordance with
ISO 16811.

The UT probe parameter (e.g. beam angle) may not be changed without monitoring. Modifications
to the UT probe and resultant changes to relevant UT probe characteristics shall be identified and
documented (see Annex B).

In case of TRL- probes, it shall be taken into consideration that the effective beam angle changes with
the length of the sound path. In addition, these TRL-probes shall only be used in the sensitivity range
indicated by the manufacturer in accordance with ISO 16811.
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5.3.5.2 UT probe data sheets

5.3.5.2.1 General information

The following data in the data sheets applies both for conventional transducer probes as well as for
phased-array probes:

— manufacturer;

— transducer probe type;

— serial ho,;

— year of manufacture;

— housing external dimensions;
— wave rpode;

— nominpl angle (phased-array probes: beam angle without time-delayed excitation of the individual
oscillafion elements);

— contacf surface;
— crystal material;
— wedge|material, sound velocity in the wedge (integrated wedges and attachment wedges);
— nominpl frequency;
— centre|frequency;
— frequency spectrum;
— bandw|idth;
— electrifal connection including the following:
— firfmly connected cable (if available), cable length, cable material;
— copnector type;
— cohnection position;
— impedpnce at nominal'frequency;
— pulse form;

— permigsible transmission voltage;

— squint/Skew angle;

— permissible temperature range;

— water resistance;

— coupling medium supply;

— application points for probe holder;

— adaptation to the surface with indication of the curvature radius (if listed);
— transceiver probe diagram.

Transceiver probe properties for conventional probes shall be determined according to EN 12668-2.
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Transceiver probe properties for phased-array probed shall be determined according to ISO 18563-2.

5.3.5.2.2 Conventional transceiver probes

The following data are required for conventional UT probes:
— focal length for focussing probes;

— focus range for TR-probes;

— near field length;

— |transducer/crystal dimensions;

— |divergence angle;

— |arrangement of the Transducer/crystals;
— |roof angle (for TR-probes);

— |alignment characteristics;

— |sound exit point.

5.3/5.2.3 Phased-array probes

The following data are additionally required for phasedsabray probes:
— |number of elements;

— |arrangement of the elements;

— |element dimensions;

— |element distances;

— |delay path);

— |sound exit point;

— |alignment characteristicsb;

— |minimum and maximum focal length (in relation to the wave mode);
— |horizontal/vertical nominal swivel range;

— |pin assignment;

— |elément assignment matrix.

5.3.6 UT probe holders
The UT probe holders shall be designed so that

— the UT probes couple and the contour of the coupling area of the test object can occur without
hindrance,

— the probes can be easily installed and removed, and

— the probes are not damaged when encountering an obstacle.

1) Determined for the natural beam angle and for at least three further swivel angles.
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5.3.7 UT probe cable (ultrasonic cable)

The ultrasonic cables shall be adapted to the test assignment. Only ultrasonic cables whose technical
data is recorded and documented may be used (see Annex B).

The following requirements shall be observed:

shieldi

surfac

no mixing up the connectors;

ng against electrical interference;

o thatcan be dpr‘nnfnminafpr‘];

absend

flexibi

splash

5.4 Couj

Only the
coupling
— damag
leave 3

The contai
or nickel b

When coug

During per

5.5 Refd
The follow

back w
side-d

r:]‘e

e of halogenides;

capability of withstanding against hostile environment (damage protection);

ity to allow free movement of the UT probe and probe holders;

availability of spare wires (if possible);

water protection or immersion suitability.

plant

edia released by the operator of the power station mday be used as coupling media.
dia may not

e the test object (ensure absence of halogenides),
ny disturbing residues behind.

h of halides (chlorides plus fluorides) andysulfur of couplant used on austenitic stainless s
hse alloys shall not more than 200 mg/kg or 200 ppm.

ling with flowing water, it shall be'ensured that the coupling medium is collected.

formance of the measurementscan also a scan without couplant shall be performed.

rence reflectors
ng can be used as reference reflectors:
alls;

[illed holeg (SDH);

flat-bo

tomed holes (FBH);

The

teel

notches;

hemispherical-bottomed holes.

It shall be possible to establish a clear physical reference to the required registrations thresholds. If
planar reflectors are not oriented vertically to the surface or vertically to the sound incidence level (e.g.
reflectors for tandem test) a hysteresis correction is recommended. Natural reference reflectors are
also approved corresponding to the test assignment, e.g.:

inclusi

lack of

16

cracks;

ons;

fusion.
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The requirements for reference reflectors when applying the distance-gain-size (DGS) method can be
found in ISO 16811:2012, Annex B.

NOTE The German abbreviation AVG (Abstand-Verstaerkung-Groesse) is sometimes used in place of DGS.

5.6 Calibration block and reference or test block
The calibration block to be used is specified by standard ISO 2400 and ISO 7963.

Reference block or test block shall be manufactured in accordance with the requirements coming
out from qualification procedure and documented in the applicable specification or standard test
profedure. For materials see 3.15 and 3.36. The block scanning surfaces shall be mafhined. Ra
roughness shall not exceed 6,3 um. Block geometry, as well as the size and position of refledtors, when
reqpired, are specified for each case in the relevant specification or standard test procpdure. The
posjtion and number of reflectors, when required, shall be such that the entire thickness of the part can
be ipspected.

5.7| Data storage medium

Datp storage medium shall be designed in such way that

— |they enable a labelling for identification,

— |an unintended overwrite is prevented (e.g. by usage of nonerasable media), and
— |the suitability of storage is ensured.

It shall be ensured that measuring data can be read<and processed by the next in-service inspection.

NOTE The operating system or hardware modifications could render it necessary to transfer driginal data
to other data storage medium types.

It shall be ensured that automatically collected data recordings could not be unintended overwrite.

6 |Testing
6.1 Preparation

6.1{1 General

The test personhiel’shall be trained in the special requirements of the test. All requisite documents,
such as test precedures, drawings or piping isometric drawings necessary for conducting [the testing
shal]l be made-available.

Befpre using the ultrasonic test equipment in areas exposed to radiation, training for rapifl assembly
and| disassembly shall be realised for reducing the time personnel remain in such areas. The training
shall be documented and, if necessary, validated by the test service provider.

6.1.2 Probe data sheets

The characteristic variables essential for the test assignment from 5.3.5 shall be available for all
transducer probes.

6.1.3 Probe system

The probes shall be installed in a test system corresponding to the data defined in the standard test
procedures. The following points shall be considered:

— assembly of the probe holders at the indicated distances to the coordinate data reference point;
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— installation of the UT probes in the relevant probe holder with consideration of the specified test
equipment;

checking the contact force of the UT probes.

During assembly, it shall be ensured that the connecting cables and hoses for the couplant do not affect
the movements of the test robot and probes and the probes can follow the surface of the test object

without ob

struction.

6.1.4 Testrobot

After asser

hbly, the test robot shall be calibrated at reference points of the test object. The position.g

lata

for the test{robot at the reference points shall be recorded.

It shall be ¢nsured that the test robot fulfils the requirements indicated in 5.3.2 under testrconditions.
6.1.5 Ultrasonic test device

It shall be ¢nsured that the ultrasonic test devices fulfil the requirements indigcated in 5.3.3 under fest
conditions

The fulfilment of the requirements according to 5.3.3 shall be venified and documented| by

functional

The ultras
be longer t
EN 12668-

The ultras
After repa

If repair w
may be cor

6.1.6 Se

6.1.6.1 (

The calibr4

[

checks.

bnic test device shall be checked regularly. The time of‘the last performed check may
han 12 months in the past. The check shall be based.on the verification in accordance v
.

nic test instrument shall be checked regularly\as part of the quality assurance.
work, functional checks shall be repeated and documented, preferably by a self-test.

brk for compliance with the test sequence is necessary in a test phase, the functional che
ducted in integral form (e.g. by a ¥eférence run at a test section with known indications)

'ting the test level

feneral

ition of the ultrasonic test instrument shall be carried out with the equipment used du

the test (pr1
block defi

reference |

later test pE

obe, connecting.cable, couplant, ultrasonic test device, data backup device) at the calibra
ed in the test’specifications or standard test procedures. The test object, calibrat
lock may-not exceed a temperature difference of +15 °C when setting the testing level to
rformatnee condition.

not
vith

cks

ing
[ion
ion,
the

No separate measures are necessary up to component temperatures <45 °C. Above a temperature
of 45 °C, the applicability of the probe for this temperature range shall be proved (by qualification
procedure). The test temperature shall be considered during the calibration of the test sensitivity and
analysis of the test results.

6.1.6.2 Sound path

The sound path shall be calibrated at the ultrasonic test instrument with a UT probe of each wave type
(e.g. transversal, longitudinal) on a calibration specimen, reference block.
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6.1.6.3 Testing level and recording level

The sensitivity of the ultrasonic test instrument shall be set for each test system based on calibration
reflectors defined in the standard test procedures. The UT probes to be utilised for the test shall be
used here. The difference between the test object and calibration specimen, reference block shall be
determined by a transfer measurement. The transfer correction and the test block for evaluation of
the coupling shall be determined by measuring the through-transmission signals at representative
points of the relevant test section. Amplitude corrections (e.g. track offset correction, inclined position
correction, tandem zone correction, depth correction) shall be indicated.

The definition of the relevant recording levels can be found in the test specifications or standard test
progedures.

6.1)6.4 Recording the calibration

Evelry calibration shall be recorded (see Annex B). The record shall contain the following:
— |UT probe identification;

— |drawings of the calibration specimens, reference block;

— |parameter settings for the testing sensitivity of the ultrasonictest instrument (e.g. chahnels used,
basic amplification, transmission voltage, filter, cable length);

— |drawing of the probe arrangement (e.g. Tandem, V-transmission);
— |temperature of the calibration specimens, referenceblock;

— |characteristic data of the ultrasonic test device.(e.g. amplitude characteristic curve, time of flight
characteristic curve, amplification characteristic curve).

6.1)7 Data acquisition system (DAS)

The DAS shall be used to ensure that allsignals relevant to the evaluation are recorded.

6.1{8 Ultrasonic test equipment

The functional capability of)the ultrasonic test equipment shall be verified at the test ¢bject. The
ver]fication shall be done by a reference scan and by plausibility checks of the evaluated UT data. The
insfallation of the UTprobes in the probe holder (check of the direction of incidence) shall b¢ checked.

It shall be ensured.that the test functions have been programmed as specified.

6.2| Implementation

The test.shall be conducted according to the data contained in the standard test procedureg It shall be
enspured that the entire test area is recorded with the specified testing sensitivity.

To ensure areliable testimplementation, the functions of the ultrasonic test equipment shall be inspected
and documented before the test start (reference scan), accompanying the test and after completion
of the test (test scan). These control steps are defined with scope and frequency in the standard test
procedures or specifications. The test shall be interrupted if a functional change occurs outside the
specified functional range of the ultrasonic test equipment. It shall be clarified whether the cause of the
functional change has to be rectified or whether the changes can be considered retrospectively when
evaluating the measuring data. Once the cause of the functional change is rectified, the test run during
which the functional change has occurred shall be repeated after a possible recalibration. A deviation
of maximum 3 dB in relation to the input calibration is permissible.

The ambient temperature in the immediate working range should not be greater than 40 °C with
consideration of the test personnel. Special arrangements shall be agreed for higher temperatures.
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After the start of the test run, it shall be ensured that all parameters associated with the data acquisition
can no longer be changed.

6.3 Visualisation of the digitized and saved measuring data

The UT data to be evaluated shall be visualised clearly. All data in the visualisations, in particular
the test section, component-relevant position data, test functions, direction and beam angle, shall be
comprehensible and intelligible.

In the case of recorded indications, the results shall be printed out in a scale that permits a clear

evaluation
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bonent coordinates shall be ensured.
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tion of indications shall be conducted corresponding to the requirements of the applic
clear code (evaluation and record level).

that reach or exceed the evaluation level shall be evaluated asfindings and documente
s record (see Annex C).

the findings are specified in national regulations. Indicationis subject to registration sha
d in a record of indications.

that are due to the geometric form of the test objéct or which can be clearly demonstrz:

ed and documented as such. In case of periodically occurring geometric indications
tion of a single period is sufficient. Further'arrangements are not necessary.

that are due to external influences (e.g:"electromagnetic interference signals from welg
which do not restrict the evaluatiofiycapacity are evaluated as disturbance indications
such. Further arrangements are(ngt necessary.

n is performed. If determination of the indication size (length and depth extension), the form oy
are necessary for findings qualified test or analysis systems, e.g. the synthetic aperture focul
SAFT), time-of-flight diffraction technique (TOFD), crack tip signal technique, can be used. O
hry qualified tests with other physical interactions or visual inspection can also be conducted fot
indings. If the signal-to-noise-ratio is not suitable for an assessment based only on the amplitul
ysing of the indicdtion pattern is recommended.

1 measures

bleting the testing, couplant residues shall be cleaned from the test objects. Auxil

ring results are shown in the form of A-, B- or C-images for their evaluation. An assignnient
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materials g

ttached to the test object (e.g. adhesive tapes, labels) shall be removed completely.

It shall be verified that all test sections have been recorded with the test sensitivity defined in the
standard test procedures. The test scope shall be monitored by a target-actual comparison of the run
program.

Before disassembly of the ultrasonic test equipment, it is necessary to check whether all test runs have
been carried out with sufficient coupling and can be evaluated.
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7 Recording

7.1 Recording the setup for the ultrasonic test equipment

The minimum data contained in the forms in Annex B shall be considered to simplify the recording of
device and calibration data. Additional data and the type of forms shall be defined in the standard test
procedures. The technical descriptions of the ultrasonic test equipment shall be available.

NOTE A further example of a probe data sheet can be found in ISO 16811.

The test documentation should also be backed upin digifn] form in addition to paper form

7.2 Testrecord and test report

A tést record or test report shall be compiled concerning the testing. The following daga shall be
included:

— |date of the testing;

— |name of the power plant;

— |test basis (standard test procedures);

— | Test object, test area and test section with reference pointand coordinates;
— |surface state (e.g. ground);

— |test system;

— |test result with indication list and, insofar asnecessary, findings record;

— |comparison of the test results with those of the previous test;

— |deviations from the specifications of'the standard test procedures;

— |place, date, name, signature,- certificate number of the inspectors and test supervigors of the
operator or the test companycommissioned by him and the third party.

7.3| Indication list

Thd indication list shall-include, as a minimum:

— |consecutiveaumbering of the indications;

— |representations of the digitized and saved measured data (see 6.3);

— |indication coordinates in relation to the component (x-, y- and z-coordinates);

— estfunctions with wiichr the indicatiomr was verified:

— echo level on the recording level (with and without corrections);

— length of the indication by 6 dB drop technique (maximum echo height technique);
— name of the raw data file.

NOTE There is a possibility of usage of other length determination like 12 dB or 20 dB drop or drop to noise
level are. The usage of other than the 6 dB drop is documented.
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7.4 Findings record

The findings record (see Annex C) lists those indications from the indication list, which have reached
or exceeded the acceptance level/evaluation level according to national nuclear code and which have
not been analysed as geometric indications. In addition to the data in the indication list, the following is
required for the findings record:

A comparig

22

representation of the test area;

evaluated colour-coded projection image or time displacement image (TD image);

implen

on of incidence;
hented analysis for first findings or change to the indication.

on with the previous tests shall be done for findings.
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Examples of test systems and transceiver probe arrangements

Annex A

(informative)

IS0 20890-1:2020(E)

No. Test technique Diagram of the transceiver probe
dI'TdIIgCIIciit
1 0° single oscillator technique for longitudinal
waves (see 4.3.1)
Figure 1
2 Single oscillator technique for transversal waves,
e.g. with a of 45°,60°, 70°
@
(see 4.3.1) *a
Figure 2
3 TR longitudinal wave or transversal wave tech;
nique
(see 4.3.2)
Figure 3
4 TR technique for the adhesion testing of the
cladding
Figure 4
5 Tandem systém - -
(see 4.3.3) 4
Figure 5
6 Group radiation system (phased-array technique)
Swivel range ayto a ,
(=X Q‘,,
/ % ‘*]
Figure 6
7 Test technique with mode conversion, e.g. LLT
technique T
(see 4.3.4) L
Also possible is a LLL technique (see 3.17) L
Figure 7

TR = Transmitter and receiver separate L = Longitudinal wave T =Transversal wave

© IS0 2020 - All rights reserved
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No. Test technique Diagram of the transceiver probe
arrangement
8 V-transmission technique
(see 4.3.5)
450
Figure 8

TR = Transmitter and receiver separate L = Longitudinal wave T =Transversal wave
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Annex B
(informative)

Forms

Form for transceiver probe data

IS0 20890-1:2020(E)

Designation

Value/ Desidnation

UT [probe

Type

No. in the test system

Serial no.

Consecutive no.

Year of manufacture

Housing dimensions

Curvature radius of the probe base marking

Pinlassignment

Make

Type

Prdbe connection

on the housing

fixed on the cable

Cable length

Datle of the last check

Forim for the transceiver probe connection or connecting cable to the transceiver prohje

Designation Value/Designation
Caljle Type'(e.g. RG 58)
Type (e.g. coaxial)
Number of wires (e.g. 5)
Diameter (for cable bundle)
Pin|assignment Probe side Make
Type
Device side Make
Type
Cabjle length
Application range (e.g. watertight)
Date of the last check
© IS0 2020 - All rights reserved 25
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Form for c

alibration block, reference block

Designation

Value/Designation

Identification (Type)

Material

Dimensions?2

Sound velocity for transversal waves and longitudinal waves

a

Coupling ay

Cd

Calibration|

Electrical ¢

reflectors?

onductivity and relative permeability shall be indicated for EMUS

Temperatu

e of the test or calibration block

a  Adiagrd

m shall be enclosed as an annex.

Form for t

he ultrasonic test device

Designation

Value/Designatio

=]

Type

Serial no.

Consecutiv

e Nno.

Software v

brsion

List of devi

Ce parameter settings

Date of the

last check

Form for t

he test robot

Designation

Value/Designatio

=]

Type?

Serial no.

Consecutiv

e No.

Scope

Software v

brsion

Date of the

last check

a  Technic

hl description
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