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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
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Guidelines for in-service inspections for primary coolant
circuit components of light water reactors —

Part 5:
Eddy current testing of steam generator heating tubes

1
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bend radius (similar to the S/KWU design). To test other kind of tube bends (e.g. U-tube bend

Scope

5 document gives guidelines for pre-service inspection (PSI) and in-service inspeetions (I
Fent tests on non-ferromagnetic steam generator heating tubes of light watémreactors, w
is carried out using mechanised test equipment outwards from the tube-inner side.

n-service eddy current test of steam generator heating tube plugs @s)a component of t
uit is not an object of this document. Owing to the different enibodiments of steam
king tube plugs, the use of specially adapted test systems to be gualified is necessary.

L systems for the localisation of inhomogeneities (surface)@nd requirements for test per
ices, the preparation of test and device systems, the implémentation of the testing as
rding are defined.

E Data concerning the test section, test extent, in§pection period, inspection interval and ¢
Ccations is defined in the nuclear safety standards.

recommended that the technical specificatiéhs are based on experience on U-tube bend

51) by eddy
hereby the

e primary
generator

onnel, test
well as the

valuation of

b with even
s with two

90°lbends) further qualifications will be previded.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of’this document. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[SO| 8596, Ophthalmie optics — Visual acuity testing — Standard and clinical optotypeg and their
pregentation

[SO[9712:2042,'Non-destructive testing — Qualification and certification of NDT personnel
ISO|12718,"Non-destructive testing — Eddy current testing — Vocabulary
[SOU-554-8-1-Nen-destructivetesting—rkguipmentfor-eddy—current-examination—-PartL-Instrument
characteristics and verification

ISO 15548-2, Non-destructive testing — Equipment for eddy current examination — Part 2: Probe

cha

racteristics and verification

ISO 15548-3, Non-destructive testing — Equipment for eddy current examination — Part 3: System

cha
ISO
ISO

racteristics and verification
15549, Non-destructive testing — Eddy current testing — General principles

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

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=ae61122d3debeade3c6e7f820f0a5ac5

ISO 20890-5:2020(E)

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 12718 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31
analysis s'{stcm

<eddy current testing> test system that is used with scanning sensors or segment sensors at'st¢am

generator heating tubes for more precise characterisation of indications (3.2)

3.2
indication
representation or signal from a discontinuity in the format allowed by the NDT methad used

[SOURCE: ISO/TS 18173:2005, 2.14]

Note 1 to eptry: Signal that is initiated by operationally induced damage mechanisims, geometrical as we|l as
material or design induced influences.

3.3
evaluation
assessment] (3.5) of indications (3.2) revealed by NDT against a predefined level

Note 1 to erftry: Inspection of the recorded signals in respect to,gompleteness and analysis capacity, localisation
and registrdtion of indications according to defined criteria, représentation of the test results.

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

34
basic frequency
test frequgncy that is used primarily for thé localisation and analysis of indications in the standard
technique

3.5
assessment
comparisoh of the analysed measuring data with specified criteria

3.6
form indidation
signal that|is caused-by geometrically induced influences

3.7
calibration
<eddy current fpcfing> determination of the interrelation bhetween the output measured data oflthe
eddy current test device and the associated indications (3.2), resulting from definite reference defects
at reference specimens

3.8

calibration block

<eddy current testing> piece of material of specified composition, surface finish, heat treatment and
geometric form, by means of which eddy current test equipment (3.15) can be assessed and calibrated

[SOURCE: ISO 5577:2017, 5.4.1]
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3.9
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
of the test results

3.10
test sensitivity

as analysis

change to the initial variable of the eddy current test system (3.15) (amplitude/phase), in relation to the

change in the underlying input variable (e.g. wall thickness attenuation)

eddy current test equipment
eddy current test system;test robot and its measured data logging as well as the analysis un

ith coaxial

ith similar
adjust the
e detected

or example
btches, drill

tincluding

to the requirements of the applicable regulations of the nuclear safety standard.

NOTE The procedure for the qualification is described in ENIQ report nr. 31[41,

esponding

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

A calibration procedure can be agreed between the contract partner and shall be documented.
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4.2 General

During the eddy current testing of steam generator heating tubes, it is the task of the evaluation to
differentiate the recorded signals according to

operational indications (location, expansion and possibly their type, e.g. cracks, abrasions, dents),
geometric indications (e.g. of structural parts such as spacers, tube bottom, rolled-in slugs), and

other indications (e.g. of local fluctuations in the electrical conductivity and permeability, electrical

interference, wobble effect of the probes, impurities on the inside or outside of the tube, production

indica

To attain a|
so that the

The probe
the speed
calibration

The follow
tubes as pa

. Y
TOTTS as Weltasany exterrat parts presertt):

sufficiently accurate reproduction of the signal sequence, the spatial resolution shallbd

speed shall be dependent on the base frequency and sample rate and shall peo faster
‘equired to obtain a clear signal from the reference standard through-wallyhole, within
limitations described in 6.3.3.2.

ng inspection technique can be used for the eddy current testing af stéam generator hea
rt of the standard technique:

Multip|
absolu

(see 4]

If the star
techniques
probes, ma
testing, vig

Supplementary to the standard technique~eéddy current techniques for more extensive analyses

also be us
bottom/ro

4.3 Stan

4.3.1 Muyltiple frequencytechnique with internal bobbin probe in differential arrangement

4.3.1.1 K

The total
extension

e
LinkinL ofthe signals of multiple frequencies with internal bebbin probe in differential arrangenpent

le frequency technique with internal bobbin probe (differential arrangement, see 4.
arrangement, see 4.3.3);

3.2).

dard technique is inadequate for evaluation\ of the eddy current signals, eddy cur

trix probes with T/R technique) or other-non-destructive testing methods (e.g. ultras
ual inspection) shall be applied.

bd as localisation systems in case of specific requirements (e.g. testing in the area of t
l-in slugs).

dard technique

asic frequency

ube cireumference is recorded integrally when testing with an internal coaxial probe.
pf_indication can therefore only be determined in the axial direction. In the undistur

required spatial resolution is ensured by the selected sampling rate and the probeispeed.

set

han
the

[ing

3.1;

fent

for more extensive evaluation (see 4.4 fdr’additional techniques, e.g. rotating scanning

bnic

can
ube

The
bed

area, evalu
operationa

1 change is sufficient.

ation of the signals of a frequency for determining location, depth and axial extension off

an

If indications overlap (e.g. operational indications and form indications), a statement is generally only
possible with restrictions. The multifrequency technique shall then be used in the mix (linking of
multiple frequencies) (see 4.3.2).

When testing operationally indications, the test frequencies used are generally in the range from
10 kHz to 1 MHz. The basic frequency shall be selected so that the phase offset angle between a 20 %
flat-bottom hole applied on the outside of a reference specimen and a through-wall drilled hole is in the
range from 90° to 120°.
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4.3.1.2 Comparison between the signals of several individual frequencies with internal
bobbin probe

If indications occur, further frequencies can be used for the differentiation of interference signals and
operationally indications in addition to the basic frequency. The individual frequencies shall be selected
so that a significant phase offset angle is reached between indications and interference signals.

4.3.2 Linking the signals of multiple frequencies with internal bobbin probe in differential
arrangement (mixed technique)

4.3
Twq
Lin
ind
det

The

4.3

The
cor
thid
refe

4.3

The
or g
ang]
sha

4.3

In @
sery

(e.g
are

Z.1 General

to four frequencies are used generally for this inspection technique.

king the signals of multiple frequencies (mix) allows a quantitative analysis of op|
cations even when indications with interference signals overlap. However, the-test sensit
pctability) generally declines for areas in which the evaluation is conducted’in the mix.

following two mixes shall be used as a minimum:
2-frequency mix for the area of the spacers and the area of the tube bottom;

3-frequency mix for the area of tube bottom with tube expansion (roll-in).

2.2 Two-frequency mix

frequencies shall be selected so that the interference signals of all structural parts (e
'ugated iron, and oscillation limiters) are suppressed. The phase offset angle betw
kness weakening of 20 % applied on the outside of a reference specimen and a wall g
rence fault shall be in the range from 80° £0~100°.

2.3 Three-frequency mix

frequencies shall be selected so-that the interference signals of rolling and tube bend ul

upport plates and “pilger effects” are suppressed simultaneously. In addition, the mix p
le for wall thickness weaKkening applied to the outside of a reference specimen of 60 9
1 exhibit a difference ofiminimum 40°.

3 Multifrequency system with internal bobbin probe in absolute arrangement

ontrast to the. multiple frequency technique in differential arrangement, the absolute ar
bes for localising and evaluating flat incident indications with large extension in the axiz

large area abrasion in the area of tube bends) or for determining the sedimentation
h above'the tube bottom.

4.

erationally
ivity (fault

g. spacers,
ben a wall
enetrating

pper edges
hase offset
and 20 %

rangement
I direction
evel in the

X Vi 'S | P £, 'y 3 1
lllDPCbLlUll LCLlllllLluCD 1IUL IIUI T CALCIIJSIVO aual_yoco

To supplement the standard inspection technique, probes are specifically used for the analysis of
already localised operational indications. These probes serve for characterisation of the indications in
respect to

circumferential expansion,

longitudinal expansion,

determining the number of indications both in the longitudinal and circumferential direction,

indication orientation, and

indication type.
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Here a detailed determination of the indication position in relation to structural parts can be made.
Owing to the smaller coil length of coverage, the smaller zone of interaction or the width of coverage,
the test sensitivity is increased in the longitudinal direction and in the circumferential direction (i.e. in
the entire range of the tube circumference). The multiple frequency technique is usually used here in
the same way as the standard inspection technique. The following are typically used as analysis probes:

— Rotating scanning probes;

Segmentcoils;

Matrix probes (array probes).

ues
the

The follow|ng clauses in this document define the requirements for the standard inspection techhig
and shall be applied correspondingly to the analysis techniques used. Special requirementsyfor
analysis tephniques require separate definition.

5 Requjrements

5.1 Testipersonnel

5.1.1 Tapk of NDT personnel

NDT personnell4] have a great responsibility, not only with respeepte their employers or contracfors

but also ur

economic i
personnel
results for

der the rules of good workmanship. The NDT personnel may be independent and free f
nfluences with regard to his test results, otherwise*the results are compromised. The ]
shall be aware of the importance of his signatur€®and the consequences of incorrect
safety, health and environment. Under legal aspects, the falsification of certificates i

"fom
NDT
test
an

offence andl judged according to the national legal regulations. A tester may find himself in a conflicfi

situation apout his findings with his employer, the responsible authorities or legal requirements.

ng

Finally, the
NDT perso

NDT personnel is responsible for all interpretations of test results carrying his signat
hnel should never sign test reports.beyond their certification (see Table 1).

Lire.

NOTE f
also always

or reasons of readability, the male form is used with personal names, however the female form is

intended.

5.1.2 Pefsonnel requirements

The test pe
test device

rsonnel comprise eperating personnel for test robots, operating personnel for eddy curfent

5 and analysts@swell as the test supervisor.

Those perdonnel, using qualified non-destructive testing (NDT) procedures and equipment, should be
qualified through one or any combination of the following:

certifi

fation'through a national NDT personnel certification scheme;

— theoretical and/or open trials;

blind trials.

Any personnel certification requirements invoking relevant national NDT personnel certification
schemes (e.g. ISO 9712) should be validated according to Table 1. Any additional personnel training
requirements should also be specified in the qualification dossier.

If no relevant scheme exists or if extra personnel qualification is needed, the qualification body should
determine the additional practical and theoretical examinations needed beyond those in the national
certification scheme, include these in the qualification procedure and ensure that the NDT procedure also
includes the necessary requirements. The qualification procedure should describe the proposed system.
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The test supervisor is responsible for the application of the NDT qualified system and shall have the
knowledge required for his tasks as well as sufficient knowledge of the application options and limits
of the test methods and have knowledge about the characteristic appearances of operationally induced
defects. Indications beyond the evaluation limit shall be evaluated by the test supervisor, who has the
requisite experience in respect to the test object, test assignment, test method and device system.

The operating personnel for test robots and eddy current 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 eddy current tests and knowledge about the test object in respect to this testing.

The analysts shall be trained for the special requirements of the work to be performed and have
expgrience in the analysis and evaluation of indications as well as knowledge of the test object and the
chafacteristic appearance of indications.

Test personnel performing NDT and the evaluation of the results shall be qualified,in'accorflance with
[SO[9712 or equivalent at an appropriate level in the relevant industrial sector.

Table 1 — Minimum requirements for the test personnel

Test personnel Qualification
Operating personnel for test robots Validation by training
(perating personnel for eddy current | Certified with atleastlevel 2 according to ISO 9712 or domparable
test devices qualification
Analysts Certified with at leastlevel 2 according to ISO 9712 or domparable
qualification
Test supervisor Certified with level 3 according to ISO 9712

The test personnel shall fulfil the vision requirements of ISO 9712:2012, 7.4

The test personnel shall provide annual validation of their visual ability, which has been det¢rmined by
an gphthalmologist, ophthalmic optician orother medically recognised person. The vision requirements
of I$0 9712 shall be fulfilled. The following modifications can be used as a substitute to ISO §712.

a) |The visual acuity testing shall be’conducted using standard symbols in accordance with 1SO 8596
(Landolt rings) or ISO 18490\(E shaped character). Here a near vision acuity of 1,0 at a test distance
of 0,33 m with at least onle eye, with or without optical aid shall be validated.

b) [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 te)see colours is sufficient for the test assignment.

5.2 Steamigenerator heating tubes

The idternal surfaces of the steam generator heating tubes shall be in a state that allovs testing.
The internal surfaces should be smaooth and free of suhstances that could he affected adversely by

performing the test and the quality of the test results.

Tube surface shall be free of paint, loose scale or any other surface deposit or irregularity which may
adversely affect the flow of eddy currents or hinder the relative travel of test coil or tube.!)

1) Requirement from RCC-M-2012 MC 6143 Surface preparation.

© IS0 2020 - All rights reserved 7
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5.3 Eddy current test equipment

53.1 Ge
The eddy ¢

neral

urrent test equipment comprises

— testrobot,

— eddy current test system for measured data logging, and

— analysis unit including software.

All compor
hose of the

532 Te
The testro
— probe

— probe

The testro
— lItcanl
— Alltub

— Them
with a

— A posi
<10 m

— The pd
of I m

— The pd
— av]

— in
co

— Thete

— A refey

ents of the eddy current test equipment that are installed in the steam generator (e.g-slid
test sensor, sensor bodies, test robot) shall be made from halogen-free material.

5t robot

bot consists of the following:

positioning unit;

feeding unit.

bot shall be designed so that

be controlled remotely.

es can be moved to in a definite manner and the reguired test length is recorded.

bvement of the probe (sensor and cable assembly) into the tube to be tested can be monitc
video camera.

m in pull direction.

sition increment of the probe, (sensor) in longitudinal tube direction is displayed in sf
n.

sition data of the probe(pgsitioning unit are:
pilable;

licated in object-relevant coordinates so that executed test robot movements
mprehensible:

5t speed\(probe drawing speed) can be monitored in an axial direction.

ence specimen can be guided as well.

ling

red

fioning accuracy of the probe feeding unit between two form structure indications shalll be

eps

are

— Thein

test adversely.

terrerence level arising frrom the probe positioning and probe sliding units does not aftect the

— The radiation exposure of the personnel when installing and removing the test robot and also
during the test is as low as possible.

— It can be widely decontaminable.
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3 Eddy current test system

3.1 General

The eddy current test system consists of the following parts:

remote-controlled eddy current test device with digital output;
equipment for operating the eddy current test device and the measured data logging;

probes;

5.3

The
req

Onl
test
and

5.3
Thd

connecting cable;

reference specimen.

3.2 Requirements for the eddy current test device

1irements apply in individual detail:

adjustable test frequencies;

at least four test frequencies;

frequency range: 10 kHz to 1 MHz;

absolute and differential arrangement in parallel available for all frequencies.

i devices are approved for test application, which have undergone at least one detailed
and calibration (verification level 2 according to ISO 15548-1) each year. This shall be d
validated.

3.3 Requirements for the probés
probes shall fulfil the following requirements:
Probe fill factor basically.=>0,8.

If probes with undefsize (probe fill factor <0,8) are used for the test in the area of dent]
tube bends or tubeS'with small radius, the suitability of the probe shall be validated as
qualification of.the eddy current test system;

Self-centring-guide in the steam generator heating tubes; and

Differential arrangement with the option of being able to operate it in absolute arrange
relevant data sheets shall be provided for the probes to be used.

device shall be able to support the test systems described at 4.3 and 4.4. The following technical

functional
bcumented

s and close
part of the

ment. Type

5.3.

3.4 Requirements for the connecting cables

The connecting cables may not exhibit any damage that impairs their mechanical or electrical
properties.

5.3.

5.3.

3.5 Requirements for reference specimens and calibration block

3.5.1 General

Reference specimens contain definite reference defects (artificial discontinuities e.g. through-bored
hole, flat-bottomed hole, notches) and simulated structural parts. These reference specimens assist for
qualification of the eddy current test system as well as for calibration of the eddy current test system
including generation of the evaluation characteristic curve.
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The reference specimens shall

correspond to the test object in the test system relevant properties (material, geometry — in

particular diameter and wall thickness — as well as manufacture) with reference faults that are
adapted to the test assignment, and

— Dbe free of non-defined irregularities that affect the signals of the defined reference defects and the
simulated structural parts.

The definite reference defects shall

exhibi

nals

do not

be inst

are me
of the

If operatio
simulated,
the steam

5.3.3.5.2

dick s +1 £ a1 do b ot 1 1 el ol 3
TS TAaITC S tO OUTTCaTTUtIICT —aiTa 11T UTIT tHC TO O T CITO S tITatc ar T Tal gC CTIO U ST SUTITAa T CIICTT ST

mutually influence each other,

alled so that the electrical and magnetic properties of the material are not changed and no
local deformations result, and

asured and recorded (actual dimensions). The actual dimensions shall be used for calibra
bddy current test system.

hal defects, structural parts, geometry changes and deposits in the.reference specimen
it shall be ensured that they are representative. In addition, the structural parts preser
penerator can be used for the calibration, in particular for the mixed system (see 4.3.2).

Reference specimen for determining the evaluation c€haracteristic curves during

calibratio

When det
their links

of the standard test systems

mining the evaluation characteristic curves (see'6.3.3.2) of the individual frequencies
reference specimens shall be used, which contain artificial discontinuities in the fory

drilled holes or flat-bottomed holes or notches. The dimensions of the artificial discontinuities
specified i the national nuclear standards.

EXAMPLE
four drilled

The varia
their sign

%1
basic freq

ency. Reference defects with at least the following wall thickness reduction shall be inclugled:

100 %

50%t
20%t

5.3.3.5.3

The following dimensions can be used: diameter of through-walled drilled holes 1,3 mm in ca
holes distributed evenly over the circutnference and 1,7 mm in case of only one drilled hole.

es of the further reference defects (flat-bottomed holes, notches) shall be selected so
amplitudes are in the same-0rder of magnitude as the through-walled drilled holes for

D 60 % (outer);

p 30 % (outer).

Calibration block for checking the eddy current test system

fion

are
tin

and
h of
are

eof

that
the

The calibr4

tioh block serves for inspecting the settings of the eddy current test system and its func

fion

during the testing. Therefore, it may deviate from the test object in the test system relevant properties
(material, geometry, manufacture).

The calibration block exhibits definite reference defects. Based on reference measurements between the
calibration block and reference specimen used for the calibration, the transferability of the performed
settings and the correct function of the test system is ensured.

A reference specimen may also be used as a calibration block.

5.3.4 Assistant analysis system

The assistant analysis system (or digital data analysis system) shall enable an automated and manual

evaluation

10

as well as monitoring for completeness of the test.
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The evaluation characteristic curves are compiled for the calibration using the assistant analysis system.
Phase angle and amplitude are calibrated. The percentage wall thickness reduction is determined using
the evaluation characteristic curves. The axial assignment of indications is automated, in relation to the
position of known structural parts.

5.4

Data storage medium

Data storage medium shall be designed according to the following principles.

a)

They enable a labelling for identification.

b)
c)

It shall be ensured that measuring data can be read and processed by the next insservice tes

NOT
too

6

6.1
Thd
inr
6.2

Thd
and
she

Bef
and|
sha

6.3

6.3

Thd
foll

An unintentional overwrite is prevented.

The suitability of storage is ensured.

E The operating system or hardware modifications might render it necessaty to transfer g
Fher data storage medium types.

Testing

General

specifications in accordance with ISO 15548-1, ISO 15548-2, 1SO 15548-3 and ISO 15549
pspect to the general preparation for eddy currenttesting.

Preparations

test personnel shall be timely instructed,prior to the testing concerning the implementa
target objectives of the testing. All requisite documents, such as test procedures, drawi
bt necessary for conducting the testing shall be made provided.

bre using the eddy current test‘equipment in areas exposed to radiation, training for rapi
disassembly shall be realised for reducing the time personnel remain in such areas. T
I be documented and, if necessary, validated by the test service provider.

Implementation

1 General

basic adjustment of the test system shall be set before conducting the test. This if
wing:

.

riginal data

shall apply

ion, extent
ngs or tube

d assembly
he training

cludes the

test frequencies;

scanning rate;
channel assignment (absolute measurement/difference measurement);
basic gain (eddy current test device);

coil assignment.

The actual testing is divided into data acquisition (with storage on a data storage medium) and data
evaluation (based on the acquired data).

©IS

02020 - All rights reserved
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6.3.2 Data acquisition

At the start of the test, the defined reference defects of the reference specimen are recorded with the
basic assignment. The measuring data at the reference specimen shall be collected with the same speed
as during the measuring data collection of the heating tubes to be tested.

The phase angle of the signal slope of the through-walled drilled hole (wall thickness reduction of
100 %) shall be set to 40° for the basic setting of the measuring data logging. The run direction of the
indication begins when pulling the probe with a downwards movement in the lower right quadrant of
the image (see Figure 1, curve section 1).

pal

U

)

—;
)4

key
G gain,ipn V.

Figure 1 — Indication of awall penetrating reference defect (through-walled drilled holes)
when pulling the probe
The indication of thewall penetrating reference defect shall be set to about 80 % FSH.

The test systenmirrelevant parameters (e.g. test frequencies, sampling rate, basic amplification)|are
automaticdlly saved with the raw data. The following shall also be documented:

— identification number of the calibration block;

— eddy current test device and identification number;
— sensor type and identification number;

— date and time.

The data acquisition at the heating tubes is performed with the basic adjustment (see 6.3.1) and the
basic settings corresponding to a test plan in which the test extent (number and position of the heating
tubes to be tested, test lengths, sensor type) is specified.

12 © IS0 2020 - All rights reserved
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The following shall be monitored continuously during the measuring data acquisition:

Functionality of the test system by visual monitoring of the eddy current data;
External disturbances by visual monitoring of the interference level;
Recording of the measuring data;

The accordance of actual and target coordinates of the relevant test positions.

A data acquisition shall be validated regularly on the reference specimen to monitor the test system,

e.g.
Ad

Ifdi
the

6.3

6.3

Thd
wel
the

6.3

At 1
on

spe
set

everv 4 h A calibration block m‘r‘nrding to0 5335 3 can also be used for this

ita acquisition on the reference specimen shall also be conducted upon:
beginning and end of the data acquisition,

interruption of the data acquisition >4 h,

every sensor change,

changes in the analogous part of the equipment, and

other disturbances.

data acquisition of inadequately tested areas shall be repeated.
3 Data analysis

3.1 General
aim of the evaluation is to analyse indications with respect to their type, location and e}

as, if applicable, a quantification of‘wrall thickness reduction. The evaluation is conducts
digitally recorded measured data:

3.2 Calibration

he beginning of the data evaluation, a calibration (initial calibration) shall be perfor
he eddy current datarecorded according to 6.3.2 for defined reference defects of th¢

n the qualification. The calibration includes:

the required'multifrequency combinations;

combinations; and

sturbances occur, the causes shall be identified and elimimated. After elimination of the digturbances,

xtension as
d based on

med based
b reference

cimen. This calibrafion ensures that the test sensitivity during the evaluation is on the same level as

the séttings of the phase angles and the amplitudes for all test frequencies and mulffifrequency

The generation of evatuation cCurves for Setected frequencies and muitifrequency combt
example of an evaluation curve (phase curve) is shown in Figure 2.

© IS0 2020 - All rights reserved
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Figure 2 - Example of an evaluation curve: Wall thickness reduction in % of the wall thicknless
as a function of the phase angle of the indication at a test frequency

Based on the acquired data at the reference-specimen, the calibration shall be checked cyclically. When
checking the calibration, the value may deviate from the determined values of the initial calibration by
maximum f3° or 20 % in respect to the.phase and signal amplitude of the basic frequency.

If these values are exceeded, a new ihitial calibration shall be performed and the data acquisition shall
be repeatefl for the relevant tubepositions.

6.3.3.3 IData evaluation

The data efaluation may be conducted manually as well as automatically or as a combination of bpth.
The first checks are in respect to completeness of extent (e.g. position and test length) and sufficjent
data qualitly (e.g.signal/noise ratio).

The search|fonindications according to 4.2 is performed by evaluating the signals of the basic frequgncy
or a multiple frequency link qualified for this. In general, an indication 1s described by evatuation of the
basic frequency (determination of the wall thickness reduction, type, axial location and length of an
indication). If the evaluation of the basic frequency does not supply clear information (e.g. in the area of
structural parts), the signals of other frequencies and links of frequencies are also evaluated.

If the standard system is inadequate to describe the test results, test systems for more extensive
evaluations according to 4.4 should be applied.

6.3.3.4 Assessment of measuring data

The assessment of indications shall be conducted corresponding to the national safety standards.

14 © IS0 2020 - All rights reserved
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6.4 Final measures

Before completing the testing (i.e. disassembly of the test equipment), the following measures shall be
performed.

a) Check the test scope by target-actual comparison of the test plan in respect to completeness.
b) Check the test results and their documentation in respect to completeness.

Once the checks are passed, the release may be issued to remove or disassemble the test equipment.

7 |Recording

7.1 Testrecord and test report

A t¢st record or test report shall be compiled concerning the testing. The test/documentation should
alsq be backed up in digital form in addition to paper form. The following data‘shall be includled:

— | date of the testing;

— |name of the power plant;

— |test principle (test procedure, test specifications);

— |test object, test range and test section (tube positionsiand tube sections);
— |test equipment used (test device, test robot);

— |calibrations of the eddy current test system;

— |result of the test (indication list and possibly findings record) and as well as results domparison
with the previous in-service testing;

— |deviations from the specificationsof the test specifications;
— |name of the test organisation;

— |place, date, name, signature, certificate number of the test inspectors and test supervisors of the
operator or the test company commissioned by him and the third party.

7.2| Indication list

Indjcations according to 6.3.3.3 and evaluated as not form indications or defect indications aije recorded
in the indication list. The indication list shall include the following:

— |coordinates of the indications (series, column, height coordinates), in relation to the conjponent;

— ltest sustem with which the indication was validated (cpn sartype test frpqnpnr‘y);
— wall thickness reduction, if this can be determined;
— amplitude and signal phase;

— indication type.

7.3 Findings record

The findings record is used to log those indications from the indication list which reach or exceed
the assessment limit according to national nuclear safety standards and which are not assessed as

© IS0 2020 - All rights reserved 15
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