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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS - INSTRUMENTATION AND CONTROL
IMPORTANT TO SAFETY - ELECTRICAL EQUIPMENT
CONDITION MONITORING METHODS -

Part 2: Indenter-moedulus measurements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic(fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specificatiens, Technical Reporfs
Publicly Available Specifications (PAS) and Guides (hereafter referred to as, NEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaisifg
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. |[EEE develops ‘its standards through a consensys
development process, approved by the American National Standards lnstitute, which brings together volunteefrs
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily membejrs
of IEEE and serve without compensation. While IEEE administers.the process and establishes rules to promoje
fairness in the consensus development process, IEEE does hot independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use stibject to important notices and legal disclaimers (s¢e
http://standards.ieee.org/ipr/disclaimers.html| for more information).

IEC collaborates closely with IEEE in accordance, with' conditions determined by agreement between the two
organizations. This Dual Logo International Standard. was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical mattérs express, as nearly as possible, an international consensus fof
opinion on the relevant subjects since gach technical committee has representation from all interested IHC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societig¢s
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standardis
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

IEC/IEEE Publications have-the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies_in that sense. While all reasonable efforts are made to ensure that the technidal
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote“international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications&:Any divergence between any IEC/IEEE Publication and the corresponding national or regionfal
publication shall be clearly indicated in the latter.

IEC andMEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for, any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication

7)

8)

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC/IEEE 62582-2:2011+AMD1:2016 CSV. A vertical bar appears in the

margin_wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC/IEEE 62582-2 was prepared by subcommittee 45A: Instrumentation, control and electrical

power systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation, i

n

cooperation with Nuclear Power Engineering Committee of the IEEE, under the IEC/IEEE Dual

Logo Agreement between IEC and IEEE. It is an International Standard.

This document is published as an IEC/IEEE Dual Logo standard.

This second edition cancels and replaces the first edition published in 2011, and its

Amendment 1:2016. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previou
edlition:

a) Modification of the title;
Consideration of publication of IEC/IEEE 60780-323.

O

The text of this International Standard is based on the following IEC documents:

FDIS Report on voting
45A/1434/FDIS 45A/1444/RVD,

LIl information on the voting for its approval can be found in_the report on voting indicated
e above table.

=T

The language used for the development of this Interhational Standard is English.

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part
ayailable at www.iec.ch/members_experts/refdocs. The main document types developed by IE
afe described in greater detail at www.iec.@h/standardsdev/publications.

Al list of all parts of IEC/IEEE 62582 series, under the general title Nuclear power plants
strumentation and control important to safety — Electrical equipment condition monitorir
methods, can be found on the I[EC website.

-~
=S

The IEC Technical Committee and IEEE Technical Committee have decided that the conten
of this document will remain unchanged until the stability date indicated on the IEC websi
uphder webstore.iec.chnin the data related to the specific document. At this date, the docume
wijll be

e| reconfirmed;

o withdrawn,

o| replaced by a revised edition, or

o | <amended.

5

NJ

O

g

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

a) Technical background, main issues and organisation of this standard

This part of IEC/IEEE 62582 specifically focuses on indenter modulus methods for condition
monitoring for the management of ageing of electrical equipment installed in nuclear power
plants. The indenter method is commonly used to carry out measurements on cables (jackets,
insulation) and O-rings.

5

This part 2 of IEC/IEEE 62582 contains detailed descriptions of condition monitoring based, g
ndenter modulus measurements.

The IEC/IEEE 62582 series is issued with a joint logo which makes it applicable to tHe
management of ageing of electrical equipment qualified to IEEE as well as IEC Standards.

HystoricalhyEEE-Std 323-2003-introduced IEC/IEEE 60780-323 includes the concept and ro

that condition based qualification could be used in equipment qualification as an adjunct

qualified life. In equipment qualification, the condition of the equipmghnt for which acceptab
performance was demonstrated is the qualified condition. The _qualified condition is th
c
d

»w ® ® O O

bndition of equipment, prior to the start of a design basis event,dorwhich the equipment w3
bmonstrated to meet the design requirements for the specifiedisefrvice conditions.

S|gnificant research has been performed on condition monitoring techniques and the use of
ese techniques in equipment qualification as noted in NUREG/CR-6704, Vol. (2
NL-NUREG-52610) and JNES-SS-0903, 2009 and/IAEA-TECDOC-1825:2017.

—~
o1

—

is intended that this IEC/IEEE document be.used by test laboratories, operators of nuclear
bwer plants, systems evaluators, and licensars.

O

b) Situation of the current standard in.the structure of the IEC SC 45A standard series

IRC/IEEE 62582-2 is the third level IEC SC 45A document tackling the specific issue pf
application and performance of indenter modulus measurements in management of ageing of
electrical instrument and conirol*equipment in nuclear power plants.

IHC/IEEE 62582-2 is to~-be read in association with IEC/IEEE 62582-1, which providgs
background and guidelines for the application of methods for condition monitoring of electrich
eqluipment importantto safety of nuclear power plants.

Fpr more details on the structure of the IEC SC 45A standard series, see item d) of thjs
introduction

c] Recommendations and limitations regarding the application of this standard

It is important to note that this document establishes no additional functional requirements for
safety systems.

d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, I1SO)
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The IEC SC 45A standard series comprig& a hierarchy of four levels. The top-level documen
of the IEC SC 45A standard series a C 61513 and IEC 63046.

N
IHC 61513 provides general ra@rements for instrumentation and control (I&C) systems arn
equipment that are used t rform functions important to safety in nuclear power plan

(NIPPs). IEC 63046 prov&@general requirements for electrical power systems of NPPs;
covers power supply sys s including the supply systems of the 1&C systems.

IHC 61513 and IE 046 are to be considered in conjunction and at the same level. IEC 6151
and IEC 63046 €tpucture the IEC SC 45A standard series and shape a complete framewo
establishing @eral requirements for instrumentation, control and electrical power systems fi

nyuclear pov@-& plants.
O

IECG@ and |IEC 63046 refer directly to other IEC SC 45A standards for gener
rg @ements for specific topics, such as categorization of functions and classification

P e P T 6

o

—
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eiectromagnetic compatibility, human factors engineering, cybersecurity, software and
hardware aspects for programmable digital systems, coordination of safety and security
requirements and management of ageing. The standards referenced directly at this second level

should be considered together with IEC 61513 and IEC 63046 as a consistent document set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, or
activities. Usually these documents, which make reference to second-level documents for

general requirements, can be used on their own.

A fourth level extending the IEC SC 45 standard series, corresponds to the Technical Reports

which are not normative.
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The IEC SC 45A standards series consistently implements and details the safety and security
principles and basic aspects provided in the relevant IAEA safety standards and in the relevant

documents of the IAEA nuclear security series (NSS). In particular this includes the IAE

A

requirements SSR-2/1 , establishing safety requirements related to the design of nuclear power
plants (NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of structures,
systems and components in NPPs, the IAEA safety guide SSG-39 dealing with the design of
instrumentation and control systems for NPPs, the IAEA safety guide SSG-34 dealing with the
design of electrical power systems for NPPs, the IAEA safety guide SSG-51 dealing with human
factors engineering in the design of NPPs and the implementing guide NSS17 for computer
security at nuclear facilities. The safety and security terminology and definitions used by the

S[C 45A standards are consistent with those used by the TAEA. A

pliblication IEC 61508 with an overall life-cycle framework and a system life-cycle ewor
Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation@ e gener
rgquirements of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear applieation secto

-

Y%
IHC 61513 and IEC 63046 have adopted a presentation format similar to the ba;i&afe

In this framework, I[EC 60880, IEC 62138 and IEC 62566 correspond to | 1508-3 for th
nyclear application sector. @Q)
IE

C 61513 and IEC 63046 refer to ISO 9001 as well as to IAEA GS@ t 2 and IAEA GS-G-3
and IAEA GS-G-3.5 for topics related to quality assurance (QA). <</

Af level 2, regarding nuclear security, I[EC 62645 is the er@}x\document for the IEC/SC 45
s¢curity standards. It builds upon the valid high level pfificiples and main concepts of th
géneric security standards, in particular ISO/IEC 27001 ISO/IEC 27002; it adapts them ar
c
I

BC 60964 is the entry document for the IEC/SC 4 ntrol rooms standards, IEC 63351 is th
htry document for the human factors engine@ g standards and IEC 62342 is the ent

bmpletes them to fit the nuclear context and coordinates with the IEC 62443 series. At level
e §
dpcument for the ageing management standar

NPTE 1 Itis assumed that for the design of 1&C wﬁs in NPPs that implement conventional safety functions (e.
to] address worker safety, asset protection, ch al hazards, process energy hazards) international or nation
stpndards would be applied. ®§

DTE 2 IEC TR 64000 provides a more\}omprehensive description of the overall structure of the IEC SC 44
stpndards series and of its relationshi&@th other standards bodies and standards.

C}\c‘}‘
o&

Q-
Q.

O
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Z
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NUCLEAR POWER PLANTS - INSTRUMENTATION AND CONTROL
IMPORTANT TO SAFETY - ELECTRICAL EQUIPMENT
CONDITION MONITORING METHODS -

Part 2: Indenter-moedulus measurements

1| Scope-and-objeet

This part of IEC/IEEE 62582 contains methods for condition monitoring of organic and‘polymer|
materials in instrumentation and control systems using the indenter-medulus measureme
tgchnique in the detail necessary to produce accurate and reproducible measurements.
includes the requirements for the selection of samples, the measurement system arj
measurement conditions, and the reporting of the measurement results.

The different parts of IEC/IEEE 62582 are measurement standards,\(primarily for use in th
management of ageing in initial qualification and after installation. 4EC/IEEE 62582-1 includg
rgquirements for the application of the other parts of the IEC/IEEE 62582 series and son]
elements which are common to all methods. Information on the.role of condition monitoring
tHe qualification of equipment important to safety is found i AEEE-Std-323 |IEC/IEEE 6078
3P3.

This document is intended for application to non-energised equipment.

2| Normative references

There are no normative references in this:Xdocument.

3| Terms and definitions
Fpr the purposes of this document, the following terms and definitions apply.

I§0, IEC and IEEE maintain terminological databases for use in standardization at the followir]
afldresses:

o| |EC Electropedia: available at http://www.electropedia.org/
e| ISO Onlice browsing platform: available at http://www.iso.org/obp

¢ | |IEEE=Standards Dictionary Online: available at http://dictionary.ieee.org

3{1

2

SO »n O

L=
1

indenter modulus
ratio between the changes in applied force and corresponding displacement of a probe of
standardised shape, driven into a material

Note 1 to entry: It is expressed in N-mm~".

a

Note 2 to entry: The term “modulus” typically refers to the modulus of elasticity of a material which is defined as

the ratio of the applied stress and the corresponding strain and is expressed in N-m~2 (Pa). However, in the use

the indenter, it has become common practice to use the term indenter modulus to describe the ratio of the change

applied force to material deformation and express it in N-mm~".

of
in
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4 Abbreviated terms and acronyms

DBE design basis event
IM indenter modulus
SiR silicone rubber

CSPE chlorosulphonated polyethylene
EPDM ethylene propylene diene monomer
XLPE crosslinked polyethylene

5| General description

Al typical indenter uses an instrumented probe, which is driven at a fixed veloe€ity into th
material and includes a load cell or similar force-measuring device, connected to’ the prob
which measures the force necessary to maintain the constant velocity.  The probe
displacement is measured by an appropriate transducer. The travel and_ force are purpose
lifnited to protect the material from permanent damage. The indenter modulus is calculated |
dividing the change in force by the corresponding displacement during.inward travel.

6| Applicability, reproducibility and complexity

6]1 General

When organic and polymeric materials age, they often*harden which will result in an increas
of indenter modulus. Some materials, such as some fermulations of butyl rubber, soften durin
tHermal and/or radiation ageing. The purpose ofé{monitoring changes in indenter modulus is
estimate degradation rates and levels induced:by ageing.

[=2)

2  Applicability

The indenter method is common]ysused to carry out measurements on cables (jacket
nsulation) and O-rings. Its use requires special fixtures depending on the geometry of th
samples.

This method should only bevapplied to materials whose hardness changes monotonically wi
ageing.

The indenter method-may can be carried out on equipment with high integrity in a non-invasiy
manner. However/ the process of performing indenter measurements on equipment in fie
should includeicontrols to ensure that damage — from the probe or from handling in order
agcess suifable measurement points — has not been imparted to the equipment. The proceg
should include correction of any equipment that has been damaged or suspected of incurrin
damage.

U7

Measurements in the fietd require access 10 the exterior wall or the equipment. For 1ie

d

measurements on cables, this often limits the measurements to jacket materials. It-may can be

possible to assess the condition of cable insulation from indenter measurements on its jacket

if

there is a known relationship between the ageing degradation of the jacket material and the

degradation of the insulation. This relationship shall be justified to be valid and sufficient
sensitive to provide the valid monitoring through the life of the test object.

ly
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6.3 Reproducibility

Indenter modulus values can be influenced by variability in specimen dimensions and
construction, temperature and moisture content of the specimen, stabilisation of the specimen,
and contamination of the specimen. If measurements are made under excessive vibration, this
can influence the measured value. The influence by variability in the specimen dimensions and
construction is typically the case for measurements on cables, where the measurement point
may be situated above a cavity beneath the jacket surface. The cross-section of typical cable
core insulation-may can differ substantially from that of an ideal tube and can result in variability
in the measured values of indenter modulus depending on where the measurement is made.
These variations tend to be localised. Measurements shall be taken at several points on fe
eqiuipment to compensate for these local variations (see 7.6).

An illustration of variations due to variability in specimen dimensions and construction,is givgn
Annex A.

5.

bTE—A good knowledge of the construction of the equipment is important befofe the selectign
measurement positions is made. In the case of loosely constructed cables, the variability |s
pected to be high and it is important that the measurements on the jacket are made overja
pnductor rather than free space.

O ® O ¥

4 Complexity

6

The degree of complexity experienced during indenter modulus measurements in the field wijll
often depend on cable accessibility. Existing instrumentszay can be used in the field on cablgs
that are accessible. In this case, data generation is rapidand measurements at a large number
of points can be carried out over short time periods.<{Instruments can be configured such that
data are generated and stored directly. Measdurements on equipment with more complex
geometries and limited accessibility-may can require the development of special fixtures. ThHe
same fixture shall be used for repeated indefater modulus measurements.

7| Measurement procedure

1 Stabilisation of the polymeric materials

7

Ah appropriate time period shall be allowed for the polymeric materials in recently manufacturgd
equipment to stabilise before any condition monitoring or accelerated ageing programmes afe
carried out. The time period over which the polymeric materials stabilise is normally depende
on the processing additives and polymer composition. If manufacturers’ stabilisation time data
are not available,.a period of 6 months should be allowed.

=l
—

2 Sampling and measurement locations

odulus*measurements in the field only provide information on the status of the equipment at
speC|f|c location. Knowledge of the environmental conditions in representatlve areas during
p dlll. UpUIdlIUII Ib d plUquulbllb‘ IUI bblcbllllg IUdeIUIIb OIIIbU—eq—bH—Id—l—HEH-E IIUdlIIIg dIIU IdUIdLILn
effects on equipment under test could be most apparent closest to the sources of heat and
radiation, the choice of locations should consider capturing the potential for significant ageing
effects near sources of heating and radiation. The position of the test locations and available
information about the environmental time history of the locations selected shall be documented.

7
Laboratory“measurements of indenter modulus on samples selected from the field and indentér
m
a

Sampling and measurement procedures shall comply with local instructions, taking into account
the safety of personnel and equipment. Handling of equipment during measurement or removal
of samples from the plant should be minimised, e.g. cables should not be bent more than
necessary for the measurement or for the removal of the sample.
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7.

3 Conditions for measurement

The surface on which the measurements are made shall be cleaned of surface debris. In the
field, it-may can be necessary to apply a dry wipe to remove accumulated dirt from the surface
and prevent contamination of the indenter instrument. Under no circumstances shall solvents
be used for surface cleaning.

The indenter modulus varies with the temperature and moisture content of the sample as shown
in Annex A.
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énsed by a change in force. The probe’s total displacement is normally limited to a fraction pf

mall displacements and loads that occur during this process prevent permanent effects on the

hen measurements are carried out in the laboratory, e.g. after accelerated thermal ageing,
ey shall be made in a surrounding air temperature of (20 £ 5) °C and a relative humidity pf
b % to 75 %. Samples shall be allowed time to reach equilibrium with their surroundings‘before
easurements are started.

DTE-+ Where the materials are hygroscopic, it-sheuld-be is noted that the sample can be extremely dry after
tificial accelerated ageing as a consequence of long-term exposure to high temperatures~in’dn oven. For thege
hterials, the values of indenter modulus measured can be significantly higher than for a,sample in equilibrium with
e laboratory atmosphere. This is particularly important for condition monitoring of hygrescopic insulation material
hen the final value of indenter modulus, on which qualified condition is based, is.measured on completion pf
celerated thermal ageing before the sample is subjected to a DBE test. Clause A.3 provides guidance on dealing
th this specific concern.

may not be possible to make field measurements in standard atmospheric conditions. In sugh
ses the surrounding air temperature and the temperature at the surface at which tHe
easurements are made shall be recorded.

DTE 2 Annex A shows a method for transformation of a measured indenter modulus to |a
brresponding modulus at a different temperature.N\In addition to reporting the temperature g
hich the value has been measured, it is recommended that the corresponding value at 20 °C
b calculated and reported.

—

4 Instrumentation

he indenter functions by driving an“instrumented probe at a fixed velocity into the materip
hilst a load cell or similar forece-measuring device, connected to the probe, measures the
pplied force. The probe shall have the shape of a truncated steel cone with the geometry ar|d
mensions shown in Figure. The probe’s displacement is measured by an appropriate
bnsducer. The point at(which the tip of the probe is brought into contact with the material |s

mm to prevent permanent deformation and to keep within the range of approximate linear
oportionality between force and displacement. The indenter modulus (IM) is then calculatgd
dividing the change in force by the corresponding displacement during inward travel. ThHe

aterial.

DTE @ )Although the total displacement is limited, for some materials the relationship between force and
splacement is still significantly non-linear.
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Dimensions in millimetres

N

/17,5°
~R0,1
- /

0,56

IEC

Figure 1 — Geometry and dimensions of the profile
of the probe tip (truncated cone) used in the indenter

Al typical indenter is a hand held-eylindrical instrument. At the héad of the instrument, §
appropriate clamping device holds a cable or wire securely in position so that the probe can b
driven uniformly into the jacket or insulation of the cable or\wire respectively. The probe

situated within the instrument and is attached to a sensitive load cell. A servo-controlled electr|
otor with appropriate gearing provides the capability tondrive the probe towards the samp
and the probe’s position is measured by a transducer. Ajtemperature sensor-is can be locate
close to the clamping device. The power and servoéeontrol to the electric motor, and outpu
from the load cell, transducer and temperature sensoy are fed by cable into a separate controll
which-may can be directly connected to a computer or capable of data storage in-situ whig
can be downloaded into a remote computer. Parameters such as probe velocity, ar
aximum load, and displacement are preloaded into the controller before the start o
easurement. The instrument is also desighed such that the cable clamp can be modified
allow calibration of the load cell using.an"appropriate weight and the probe travel using a dia

gfuge.

nw aoad®oonbd>S

g o5 5

=}

NPTE 2 When measuring on a wire with'small diameters the result could be more non-linear in the beginning of the
cyrve due to that only a part of ‘the tip of the anvil have contact with the sample. This could influence the
reproducibility with only small chagges in the way to perform the measurement. See Figure 2.

; / Tip of the anvil
L Penetration depth for full contact

Small diameter wire/cable

IEC

7.5 Calibration and tolerances

The indenter and the measurement system shall be calibrated before each series of
measurements in accordance with the manufacturer’s instructions. The calibration shall be
carried out on both the force sensor and probe velocity. The total error of force measurement
shall be less than 3 % of the upper limit of the force range, including instrumentation tolerances
as well as reading precision. The probe velocity shall be constant. The total measurement error
of the required velocity shall be less than 2 %.
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The user of the instrument shall have a defined process for visual inspection and measuring of
the tip of the anvil. If wear or other damage to the tip of the anvil occurs to the extent that the
dimensions are no longer according to Figure 1, then the anvil shall be replaced.

7.6 Selection of measurement points

In each of the selected locations for field measurements, measurements shall be carried out at
several points and the mean value and standard deviation shall be reported. If the number of
points is more than 7, the highest and lowest value shall be deleted before calculation of the
mean value and the standard deviation. For measurements on cables, a minimum of three
popints around the circumference at each of three longitudinal positions shall be used. Where
space is limited, it may not be possible to rotate around the cable circumference. In this\case,
a|lminimum of nine points shall be selected with a separation of 60 mm to 100 mm aleng the
cable length.

Iffthe measurement curve is not smooth maybe because of slipping due to low¢ladmping force
tHe measurement value can be excluded and a new measurement be performed.

I the case of laboratory measurements on samples of cables, a minimum, of three points arour|d
tHe circumference at each of three longitudinal positions shall ‘be” used. None of tHe
measurement points shall be less than 100 mm from the ends of the sample.

Fpr measurements on O-rings, a similar number of points shall*‘be measured if the size of the
Orring allows.

717  Selection of probe velocity and maximum force

Before the start of the measurement, the test parameters shall be loaded into the measuremept
system. In particular, the required maximum load and maximum displacement should be set gs
limits to prevent damage to the equipment measured.

The probe velocity can have a significant influence on the measured value of indenter modulug.
The probe velocity shall be 5 mm-min~! to 5,2 mm-min~1. The probe velocity that is selectdd
shall be reported.

The maximum force that is, selected needs to be a compromise between a value which is hig
ehough to achieve reasonable resolution in the displacement axis and a value that is low enoud
tq ensure that the probe does not damage the cable. For many polymeric insulation material
a|maximum force of 10'\N is recommended. This will normally result in a probe penetration dep
which is significantly)less than 1 mm. For certain insulation materials, such as SiR, a maximu
value lower than\10 N-may can be required to avoid excessive penetration.

3 >7

NPTE SomeXYnh€asurement systems contain independent mechanisms to protect the equipment under test by limiting
the probe force and travel distance.

7{85/ ,Clamping

When carrying out measurements on cables, the measured value of indenter modulus-may can
be strongly affected by variations in the force used to keep the cables securely in position within
the clamp. In order to minimise these effects, the cable shall be clamped using the minimum
force required to keep it in place. It is important that a consistent clamping methodology is used.
Problems in clamping shall be included in the measurement report.

7.9 Determination of the value of the indenter modulus

The indenter modulus is determined by the slope of the force-displacement curve, and is
expressed in N-mm-~1.
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where

IM is the indenter modulus;

F; is the corresponding force value at displacement 4.

I M-shat-be-determinedby-using-the-vatvesF =t N-anrdFr=4N;—seeHgure3

10
: /|
8 //
7 //
kel 5 |
S dy = dy /
- 4 ! V. N
3
5 Z N\
1
0o .
0 0,1 0,2 0,3 0,4 0,5 0,6
Displacement (mm)
IEC
Figure 3 — Calculation of indenter modulus

NPTE Some instruments used for indenterrméasurements show the result in load versus time (in N-s~"). The valjie

offthe indenter modulus in N-mm~" is then Calculated as the value in N-s~' divided by the probe velocity in mm-s~1.

7110 Reporting

The measurement reportishall as a minimum include the following items:

a) Identification of-the equipment measured, including the material formulation. For selectign
of samples from-the field or measurements in the field this shall include plant and locatign
relative to heat and radiation sources (7.2).

b) Prehistory-of the equipment. This-may can include:

e ipdenter measurements on samples of new (un-aged) equipment: storage and time
interval between production of the equipment sampled and start of the measuremept
(7.1);

e indenter measurements on artificially aged samples: ageing conditions of the samples

(7.3);

e indenter measurements on naturally aged samples (e.g. field measurements): history of

environmental conditions to which the sample has been subjected (7.2).

c) Place and date of the measurement (laboratory, on-site).

d)

between removing the sample from the heat chamber until start of measurement (7.3).

e) Ambient and surface temperature at the time of measurement (7.3).

For laboratory measurement of samples subjected to artificial thermal ageing: time interval

Other local conditions and situations encountered during measurement that—may can

influence the results.
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g)
h)
i)
)
k)

Measurement instrumentation, including software version (7.4).
Calibration procedure (7.5).

Measurement points (7.6).

Probe velocity (7.7).

Maximum force (7.7).

Mounting of the sample and problems in clamping (7.8).

Anh example of a measurement report is given in Annex B.

For measurements in the field: observations on the condition of the equipment before an
HIZ

oftar iAo ntar oo ira A ante (7 OY 0 Alco babiaon feo s manda | hic A ET--P-N :
atCT MO CTICT e aSUTCTICTItS (1.2 )7 7T uoU o vVIiatoTT Mo o goTiaitas oo GUCUuUTIiTeTIt Y

to limited space, for example.

Mean value and standard deviation of indenter modulus (after deleting the highest”ar
lowest value), in N-mm~1 together with information on the force interval for which.if has bee
determined (normally 1 N to 4 N) (7.6 and 7.9).

NoFE—If the indenter measurements are made at a temperature above” 25 °C, it
recommended that the value referenced to 20 °C is also reported, calculated according
Annex A.

Diagram showing a typical force versus displacement curve.

Any other information of importance in interpretation of the measurement results in relatig
to the purposes of the measurements.

e

d

S5 Q

>
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Annex A
(informative)

Examples illustrating factors affecting the variation
of the indenter modulus value

A.1  Example of influence of variability in equipment dimensions and
construction

Flgure A.1 illustrates the variations due to variability in equipment dimensions and constructio
showing sets of data from indenter measurements at eight points on the jacket of a 7 coré cab
th jacket material CSPE and insulator material EPDM. The mean values and istanda

W
deviations of the indenter modulus measured were 15,57 N-mm=1 and 0,58 N-mm~" for th
upaged cable jacket, 23,21 N-mm~"1 and 1,06 N-mm~" for the thermally aged cablé jacket.

[ Unaged |

Load (N)

O -=-2NWPHOTONO®O

Load (N)

O -_2NWPHOTONO©O
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w
AN
3
o
~
©

zZ

DTE The probe velocity was 5,2 mm-min~' and the“ihdenter modulus values were calculated from the slo
bdtween 1 N and 4 N by division by 5,2:60".

Figure A.1 — Example of localwariation of indenter modulus due to variation
in equipment dimensions and construction

A.2 Examples of temperature dependence

These examples come from a study of the temperature dependence of the indenter values
three types of thermally aged cables:

—| jacket and lead insulation materials CSPE,

jacket material CSPE, lead insulation material XLPE,
—| jacket.anhd lead insulation materials EPDM.

The/measurements were made at 9 (3x3) points on the jacket and the indenter modulus value

2

=]

® Q ®

Df

s
d

werevobtained from the slope of the force-distance curve between 1 N and 4 N. All cables h{g

been thermally aged at 120 °C for 48 days. The measurements were made after temperature

stabilisation at 21 °C, 35 °C and 50 °C.

Figure A.2 shows the results in terms of mean values and standard deviation of the indenter

modulus.
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Figure A.2 — Indenter values measured at differentd¢emperatures
The results illustrate the temperature dependence of indenter modulus measurements.

frbm the standard temperature for testing 7,.; (20 °C), e.g9! on site, normalisation to a value M
al 20 °C can be made. The calculated value of /M ;is given by the following empirical formul

[Mref = [1 + 4 % (t S tref) / (f1 - tz)] X ]Mt
(A,

where
t is the temperature at which the measurement in the field is made;
IM; is the.measured value of indenter modulus at temperature ¢;

IM, and IM, are the values of indenter modulus at two different temperatures ¢, and
respectively from laboratory measurements made on the same material.

~

4| should(be"selected in the region of the highest temperature at which measurements in th
fieldmay can be made, and ¢, should be in the region of 20 °C. Figure A.3 shows the mes

I the case where indenter measurements are made at temperatures which differ substantially

i
9]

ef

valalues in Figure A.2 normalised according to formula (A.1).
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Dfamonds represent the measured value.

M
h
m

rcles represent the normalised value.

Figure A.3 — Normalised indenter mean values
he normalisation works well over the measurementytemperature interval 20 °C to 50 °C.

b summarise, the recommendation is:

temperature of 20 °C.

If it is foreseen that measurements will be made on site at significantly higher temperatu
than standard laboratory temperature, e.g. for comparison with qualified condition, it
recommended that the relévant value of A4 is determined and reported by usin
measurements at two temperatures (laboratory temperature and one elevated temperatur
close to what can be(éxpected in site measurements). This should be carried out after th
artificial laboratory ageing which forms part of the initial qualification testing.

.3 Examples; of effects on the indenter modulus from drying out after high
temperature ageing

ost organic and polymeric materials currently used in-containment are not significant
groscepic. If hygroscopic materials are used, the influence of the moisture content of th
aterial on indenter modulus can be significant and should be taken into account. An examp

If practicable, to measure the indenter\modulus after stabilisation to a standard laboratof

oY@ wn o

y
e

e

(0]

the influence for such a material is shown in Figllrp Ad The m(amplp shows the r‘hnngp

i

the indenter modulus after removal from the dry heat chamber used for artificial ageing (120 °C
during 46 days). The change is due to the gradual restoration of the normal moisture content

w

hen subjected to the laboratory climatic conditions.
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Figure A.4 — Example of change of indenter modulus value in/laboratory conditions
of a hygroscopic sample after removal from long-term exposure in a heat chamber

>

5 shown in Figure A.4, moisture stabilisation in the laboratory/after drying out of a hygroscopjc
ample can take a long time. It may not be practical to allow’the time needed for the sample {o
tain moisture equilibrium before subjecting the sample to simulated design basis evenpt
pbnditions. A practical solution is to measure the indenter modulus versus time in the laboratofy
n one of the samples which has been subjected\to the accelerated ageing whilst the other
amples are subjected to simulated design basis‘event conditions. The resulting curve, similar
d Figure A.4, can be used to estimate an indenter modulus value which represents normal
moisture conditions. This value can then be,used as the qualified condition.

TN 00 ®”

0

y adapting a fitting decay curve, the.indenter modulus value after restoration of the moisture
content related to laboratory conditiof's can be estimated. This is illustrated in Figure A.5.

N
o

Indentef medulus (N x mm=1)

15 e—t

0 20 40 60 80 100 120 140 160 180 200
Time after removal from dry heat chamber (days)
IEC

NOTE The decay curve has the form Ae ¥ + B, where t is the time after removal. The estimated value after

restoration of the moisture content to laboratory conditions is 14,7 N-mm=1.

Figure A.5 — Adaptation of a decay curve
to the measured indenter modulus values in Figure A.4
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Annex B
(informative)

Example of a measurement report for indenter

measurements in laboratory

The examples shown in Table B.1 and Figure B.1 are from the round-robin test programme
carried out as part of an IAEA coordinated research programme on cable ageing.

Table B.1 — Example of a measurement report for indenter measurements in laboratexy
Equipment ID 274 Cable FSSR 7X1
. Jacket: CSPE (2 mm) — blue. Insulation and conductors: 7 core EPBM._on stranded|Cu —
Material
grey (0,7 mm)
Pre-histor Artificially aged in dry heat test chamber. Method: IEC 60068, Test Ba. Ageing condjtions:
y 120 °C for 42 days

Place and date of
measurement

2 February 1998

Measurement in laboratory at ABB/Atom, Vasteras

Conditions for

Time interval between removing the sample from’the heat chamber until start of indenter
measuremeént;'> 30 days

measurement
Measurement\temperature: 21,5 °C
Instrument OGDEN CI 96100007
Before measurements according to the instrument manufacturer’s instructions. F¢rce
Calibration calibrated with weights, prebé.velocity calibrated with stop-watch. See calibration report

No Xxxx

Measurement points

3 points on the jacket around the circumference at each of three cross-sectionp

Probe velocity

5,162 mm-min~’

Maximum force

9N

Mounting

Clamped'in fixture provided by the instrument manufacturer with minimum force reqyired to

keep the cable in place. Fixture type large used.

Indenter modulus
value

Mean value 23,39 N-mm~"; Standard deviation 0,99 N-mm~".
(After deletion of the highest and lowest values)

—~

|

leasurementisiat 8 points on the lead insulation (separately aged) showed a mean value pf
D,35 N-mmz1'with a standard deviation of 2,34 N-mm~1.)
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NOTE The indenter modulus value was calculated from the slope between 1 N and 4 N by divisian by 5,162-60~.

Figure B.1 — Example of measured force versus time
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Figure B.1 — Example of measured force versus time...........cccooiiiiiiiiiiiiiic e,

Table B.1 — Example of a measurement report for indenter measurements in laboratory
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NUCLEAR POWER PLANTS - INSTRUMENTATION AND CONTROL
IMPORTANT TO SAFETY - ELECTRICAL EQUIPMENT
CONDITION MONITORING METHODS -

Part 2: Indenter measurements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic(fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specificatiens, Technical Reporfs
Publicly Available Specifications (PAS) and Guides (hereafter referred to as, NEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaisifg
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. |[EEE develops ‘its standards through a consensys
development process, approved by the American National Standards lnstitute, which brings together volunteefrs
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily membejrs
of IEEE and serve without compensation. While IEEE administers.the process and establishes rules to promoje
fairness in the consensus development process, IEEE does hot independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use stibject to important notices and legal disclaimers (s¢e
http://standards.ieee.org/ipr/disclaimers.html| for more information).

IEC collaborates closely with IEEE in accordance, with' conditions determined by agreement between the two
organizations. This Dual Logo International Standard. was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus fof
opinion on the relevant subjects since gach technical committee has representation from all interested IHC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societig¢s
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standardis
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

IEC/IEEE Publications have-the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies_in that sense. While all reasonable efforts are made to ensure that the technidal
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote“international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications&:Any divergence between any IEC/IEEE Publication and the corresponding national or regionfal
publication shall be clearly indicated in the latter.

IEC andMEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for, any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication

7)

8)

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.
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9)

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC/IEEE 62582-2 was prepared by subcommittee 45A: Instrumentation, control and electrical
power systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation, in

c

operation with Nuclear Power Engineering Committee of the IEEE. under the IEC/IEEE Dual
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bgo Agreement between IEC and IEEE. It is an International Standard.
Nis document is published as an IEC/IEEE Dual Logo standard.

nis second edition cancels and replaces the first edition published in 2011, and ifs
mendment 1:2016. This edition constitutes a technical revision.

nis edition includes the following significant technical changes with respect to the previoys
Hition:

Modification of the title;
Consideration of publication of IEC/IEEE 60780-323.

he text of this International Standard is based on the follewing IEC documents:

FDIS Report on voting
45A/1434/FDIS 45A/1444/RVD

LIl information on the voting for its approval can be found in the report on voting indicated
e above table.

5

ne language used for the development of this International Standard is English.

NJ

nis document was drafted in\accordance with the rules given in the ISO/IEC Directives, Part
ailable at www.iec.ch/members_experts/refdocs. The main document types developed by IE
e described in greater detail at www.iec.ch/standardsdev/publications.

(@)

list of all parts ©fy\IEC/IEEE 62582 series, under the general title Nuclear power plants |-
strumentation (and control important to safety — Electrical equipment condition monitoririg
ethods, can.be‘found on the IEC website.

he IEC\Fechnical Committee and IEEE Technical Committee have decided that the contenis
this document will remain unchanged until the stability date indicated on the IEC websife
ndef, webstore.iec.ch in the data related to the specific document. At this date, the documept

I bha

LLEN > A~

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.
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INTRODUCTION

a) Technical background, main issues and organisation of this standard

This part of IEC/IEEE 62582 specifically focuses on indenter modulus methods for condition
monitoring for the management of ageing of electrical equipment installed in nuclear power

pl
in

ants. The indenter method is commonly used to carry out measurements on cables (jackets,
sulation) and O-rings.
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introduction.
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electrical instrument and conirol*equipment in nuclear power plants.

5

his part 2 of IEC/IEEE 62582 contains detailed descriptions of condition monitoring based, d
denter modulus measurements.

ne |IEC/IEEE 62582 series is issued with a joint logo which makes it applicable to the
anagement of ageing of electrical equipment qualified to IEEE as well as IEC Standards.

C/IEEE 60780-323 includes the concept and role that condition based qualification could ke
sed in equipment qualification as an adjunct to qualified life. In equipmént qualification, the
pndition of the equipment for which acceptable performance was demonstrated is the qualifigd
pbndition. The qualified condition is the condition of equipment, prior-to the start of a design
hsis event, for which the equipment was demonstrated to meet/th€ design requirements for
e specified service conditions.

gnificant research has been performed on condition mofitoring techniques and the use of
ese techniques in equipment qualification as noted in NUREG/CR-6704, Vol. |2
NL-NUREG-52610) and JNES-SS-0903, 2009 and/IAEA-TECDOC-1825:2017.

is intended that this IEC/IEEE document be.used by test laboratories, operators of nuclear
bwer plants, systems evaluators, and licensors.

Situation of the current standard in.the structure of the IEC SC 45A standard series

C/IEEE 62582-2 is the third level’ IEC SC 45A document tackling the specific issue of
bplication and performance of indenter modulus measurements in management of ageing of

C/IEEE 62582-2 is to.-be read in association with IEC/IEEE 62582-1, which providgs
hckground and guidelines for the application of methods for condition monitoring of electrich
huipment important'to safety of nuclear power plants.

br more details on the structure of the IEC SC 45A standard series, see item d) of thjs

Recommendations and limitations regarding the application of this standard

It

is important to note that this document establishes no additional functional requirements for

safety systems.

d) Description of the structure of the IEC SC 45A standard series and relationships with

other IEC documents and other bodies documents (IAEA, 1SO)

The IEC SC 45A standard series comprises a hierarchy of four levels. The top-level documents
of the IEC SC 45A standard series are IEC 61513 and IEC 63046.

IEC 61513 provides general requirements for instrumentation and control (I&C) systems and
equipment that are used to perform functions important to safety in nuclear power plants
(NPPs). IEC 63046 provides general requirements for electrical power systems of NPPs; it
covers power supply systems including the supply systems of the I&C systems.
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IEC 61513 and IEC 63046 are to be considered in conjunction and at the same level. IEC 61513
and IEC 63046 structure the IEC SC 45A standard series and shape a complete framework
establishing general requirements for instrumentation, control and electrical power systems for
nuclear power plants.

IEC 61513 and I|EC 63046 refer directly to other IEC SC 45A standards for general
requirements for specific topics, such as categorization of functions and classification of
systems, qualification, separation, defence against common cause failure, control room design,
electromagnetrc compatibility, human factors engrneerrng, cybersecurrty, software and

qurrementsand management of agerng The standards referenced directly at this second Iev
ould be considered together with IEC 61513 and IEC 63046 as a consistent document'set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, ¢r
agtivities. Usually these documents, which make reference to second-level)documents for
géneral requirements, can be used on their own.

Alfourth level extending the IEC SC 45 standard series, corresponds (o the Technical Reporfs
which are not normative.

ne IEC SC 45A standards series consistently implements and.détails the safety and security
inciples and basic aspects provided in the relevant IAEA safety standards and in the relevapt
bcuments of the IAEA nuclear security series (NSS), In/particular this includes the IAEA
gquirements SSR-2/1 , establishing safety requirements.related to the design of nuclear powe¢
plants (NPPs), the IAEA safety guide SSG-30 dealing\with the safety classification of structuresg,
systems and components in NPPs, the IAEA safety)guide SSG-39 dealing with the design of
nstrumentation and control systems for NPPs,.thé IAEA safety guide SSG-34 dealing with tHe
design of electrical power systems for NPPs, the-IAEA safety guide SSG-51 dealing with humgn
fdctors engineering in the design of NPPs.and the implementing guide NSS17 for computer
s¢curity at nuclear facilities. The safety and security terminology and definitions used by tHe
S 45A standards are consistent with those used by the IAEA.

oo o

—

IHC 61513 and IEC 63046 have_adopted a presentation format similar to the basic safefy
publication IEC 61508 with an overall life-cycle framework and a system life-cycle framework.
Regarding nuclear safety, JIEC 61513 and IEC 63046 provide the interpretation of the genera
rgquirements of IEC 61508=%, IEC 61508-2 and IEC 61508-4, for the nuclear application sector.
In this framework, I[EC.60880, IEC 62138 and IEC 62566 correspond to IEC 61508-3 for the
iclear application sector.

5

m

C 61513 and.|IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA GS-G-3|{1
and IAEA GS=G-3.5 for topics related to quality assurance (QA).

Al levek2, regarding nuclear security, IEC 62645 is the entry document for the I[EC/SC 45A
security standards. It builds upon the valid high level principles and main concepts of the
gtneric security standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts them ard
completes them to fit the nuclear context and coordinates with the IEC 62443 series. At level 2,
IEC 60964 is the entry document for the IEC/SC 45A control rooms standards, |[EC 63351 is the
entry document for the human factors engineering standards and IEC 62342 is the entry
document for the ageing management standards.

NOTE 1 |Itis assumed that for the design of I&C systems in NPPs that implement conventional safety functions (e.g.
to address worker safety, asset protection, chemical hazards, process energy hazards) international or national
standards would be applied.

NOTE 2 IEC TR 64000 provides a more comprehensive description of the overall structure of the IEC SC 45A
standards series and of its relationship with other standards bodies and standards.
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NUCLEAR POWER PLANTS - INSTRUMENTATION AND CONTROL
IMPORTANT TO SAFETY - ELECTRICAL EQUIPMENT
CONDITION MONITORING METHODS -

Part 2: Indenter measurements

1| Scope

This part of IEC/IEEE 62582 contains methods for condition monitoring of organic and‘polymerjc
materials in instrumentation and control systems using the indenter measurementiteehnique |n
tHe detail necessary to produce accurate and reproducible measurements. It includes tHe
rgquirements for the selection of samples, the measurement system and, measuremept
conditions, and the reporting of the measurement results.

The different parts of IEC/IEEE 62582 are measurement standards,\(primarily for use in th
management of ageing in initial qualification and after installation. 4EC/IEEE 62582-1 includg
rgquirements for the application of the other parts of the IEC/IEEE 62582 series and son]
elements which are common to all methods. Information on the.role of condition monitoring
tHe qualification of equipment important to safety is found in\lEC/IEEE 60780-323.

SO »n O

This document is intended for application to non-energised equipment.

2| Normative references

There are no normative references in this.document.

3| Terms and definitions
Fpr the purposes of this document, the following terms and definitions apply.

I30, IEC and IEEE maintain terminological databases for use in standardization at the following
agfldresses:

IEC Electropgedia: available at http://www.electropedia.org/

ISO Onlinebrowsing platform: available at http://www.iso.org/obp

o| IEEE Standards Dictionary Online: available at http://dictionary.ieee.org

31
indenter modulus
ratio between the changes In applied force and corresponding displacement of a probe of a
standardised shape, driven into a material

Note 1 to entry: It is expressed in N-mm~".
Note 2 to entry: The term “modulus” typically refers to the modulus of elasticity of a material which is defined as

the ratio of the applied stress and the corresponding strain and is expressed in N-m~2 (Pa). However, in the use of
the indenter, it has become common practice to use the term indenter modulus to describe the ratio of the change in

applied force to material deformation and express it in N-mm~".
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4 Abbreviated terms and acronyms

DBE design basis event
IM indenter modulus
SiR silicone rubber

CSPE chlorosulphonated polyethylene
EPDM ethylene propylene diene monomer

XLPE crosslinked polyethylene

5| General description

Al typical indenter uses an instrumented probe, which is driven at a fixed veloe€ity into th
material and includes a load cell or similar force-measuring device, connected to’ the prob
which measures the force necessary to maintain the constant velocity.  The probe
displacement is measured by an appropriate transducer. The travel and_ force are purpose
lifnited to protect the material from permanent damage. The indenter modulus is calculated |
dividing the change in force by the corresponding displacement during.inward travel.

6| Applicability, reproducibility and complexity

6]1 General

When organic and polymeric materials age, they often*harden which will result in an increas
of indenter modulus. Some materials, such as some fermulations of butyl rubber, soften durin
tHermal and/or radiation ageing. The purpose ofé{monitoring changes in indenter modulus is
estimate degradation rates and levels induced:by ageing.

[=2)

2  Applicability

The indenter method is commonly-sused to carry out measurements on cables (jacket
nsulation) and O-rings. Its use requires special fixtures depending on the geometry of th
samples.

This method should only bevapplied to materials whose hardness changes monotonically wi
ageing.

The indenter method can be carried out on equipment with high integrity in a non-invasiy
manner. However/ the process of performing indenter measurements on equipment in fie
should includeicontrols to ensure that damage — from the probe or from handling in order
agcess suifable measurement points — has not been imparted to the equipment. The proceg
should include correction of any equipment that has been damaged or suspected of incurrir
damage;

U7

Measurements in the fietd require access 10 the exterior wall or the equipment. For Tie

d

measurements on cables, this often limits the measurements to jacket materials. It can be

possible to assess the condition of cable insulation from indenter measurements on its jacket

if

there is a known relationship between the ageing degradation of the jacket material and the

degradation of the insulation. This relationship shall be justified to be valid and sufficient
sensitive to provide the valid monitoring through the life of the test object.

ly
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6.3 Reproducibility

Indenter modulus values can be influenced by variability in specimen dimensions and
construction, temperature and moisture content of the specimen, stabilisation of the specimen,
and contamination of the specimen. If measurements are made under excessive vibration, this
can influence the measured value. The influence by variability in the specimen dimensions and
construction is typically the case for measurements on cables, where the measurement point
may be situated above a cavity beneath the jacket surface. The cross-section of typical cable
core insulation can differ substantially from that of an ideal tube and can result in variability in
the measured values of indenter modulus depending on where the measurement is made.
These variations tend to be localised. Measurements shall be taken at several points on fe
equipment to compensate for these local variations (see 7.6).

An illustration of variations due to variability in specimen dimensions and construction,is givgn
i Annex A.

Al good knowledge of the construction of the equipment is important before/the selection pf
measurement positions is made. In the case of loosely constructed cables; the variability |s
expected to be high and it is important that the measurements on the jacket are made over|a
conductor rather than free space.

4 Complexity

6

The degree of complexity experienced during indenter modulus measurements in the field wjll
often depend on cable accessibility. Existing instruments.can be used in the field on cables that
are accessible. In this case, data generation is rapid and measurements at a large number of
points can be carried out over short time periods. Insttuments can be configured such that data
afe generated and stored directly. Measurements on’equipment with more complex geometrigs
and limited accessibility can require the development of special fixtures. The same fixture shall
bé used for repeated indenter modulus measurements.

7| Measurement procedure

1 Stabilisation of the polymeric materials

> ~

h appropriate time period shall be allowed for the polymeric materials in recently manufacturgd
equipment to stabilise before any condition monitoring or accelerated ageing programmes are
carried out. The time period over which the polymeric materials stabilise is normally depende
on the processing additives and polymer composition. If manufacturers’ stabilisation time data
are not available,.a period of 6 months should be allowed.

=]
—

2 Sampling and measurement locations

odulus*measurements in the field only provide information on the status of the equipment at
spécific location. Knowledge of the environmental conditions in representative areas durirlg
p lamtoperatiomisa prerequisite forsetectingtocations—Sinceheatingandradiatiomreffectson
equipment under test could be most apparent closest to the sources of heat and radiation, the
choice of locations should consider capturing the potential for significant ageing effects near
sources of heating and radiation. The position of the test locations and available information
about the environmental time history of the locations selected shall be documented.

7
Laboratory“measurements of indenter modulus on samples selected from the field and indentér
m
a

Sampling and measurement procedures shall comply with local instructions, taking into account
the safety of personnel and equipment. Handling of equipment during measurement or removal
of samples from the plant should be minimised, e.g. cables should not be bent more than
necessary for the measurement or for the removal of the sample.
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7.3 Conditions for measurement

The surface on which the measurements are made shall be cleaned of surface debris. In the
field, it can be necessary to apply a dry wipe to remove accumulated dirt from the surface and
prevent contamination of the indenter instrument. Under no circumstances shall solvents be

used for surface cleaning.

The indenter modulus varies with the temperature and moisture content of the sample as shown

in Annex A.

hen measurements are carried out in the laboratory, e.g. after accelerated thermal agein
tHey shall be made in a surrounding air temperature of (20 + 5) °C and a relative humidity
% to 75 %. Samples shall be allowed time to reach equilibrium with their surroundings‘befo
easurements are started.

NPDTE Where the materials are hygroscopic, it is noted that the sample can be extremely) dry after artific

adcelerated ageing as a consequence of long-term exposure to high temperatures in an oven./or these materials,

the values of indenter modulus measured can be significantly higher than for a sampléXin”equilibrium with t
laporatory atmosphere. This is particularly important for condition monitoring of hygroscopiCjinsulation material wh¢
the final value of indenter modulus, on which qualified condition is based, is measured.on/completion of acceleratq
thermal ageing before the sample is subjected to a DBE test. Clause A.3 provides guidance on dealing with th
sfecific concern.

Itlmay not be possible to make field measurements in standard atmospheric conditions. In suq
cases the surrounding air temperature and the temperature at the surface at which th
easurements are made shall be recorded.

Ahnex A shows a method for transformation of a measured indenter modulus to a correspondir]
modulus at a different temperature. In addition to-reporting the temperature at which the valy
has been measured, it is recommended that the“corresponding value at 20 °C be calculatg
and reported.

714 Instrumentation

The indenter functions by driving afi“instrumented probe at a fixed velocity into the materi
whilst a load cell or similar foree-measuring device, connected to the probe, measures th
applied force. The probe shall have the shape of a truncated steel cone with the geometry an
dimensions shown in Figure. The probe’s displacement is measured by an appropria
transducer. The point at(which the tip of the probe is brought into contact with the material
énsed by a change in force. The probe’s total displacement is normally limited to a fraction

dividing the change in force by the corresponding displacement during inward travel. Th
mall displacements and loads that occur during this process prevent permanent effects on th
mlaterial.

s
a
pfoportionality between force and displacement. The indenter modulus (IM) is then calculatg
b
s

NDTE 4 j)Although the total displacement is limited, for some materials the relationship between force a
dippfatement is still significantly non-linear.

mm to prevent permanent deformation and to keep within the range of approximate linear
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Dimensions in millimetres

~R0,1

/17,5°

0,56

IEC

Figure 1 — Geometry and dimensions of the profile
of the probe tip (truncated cone) used in the indenter

Al typical indenter is a hand held instrument. At the head of the<instrument, an appropria
clamping device holds a cable or wire securely in position so’that the probe can be drivs
upiformly into the jacket or insulation of the cable or wire respectively. The probe is situatg
wjthin the instrument and is attached to a sensitive load cell\_A servo-controlled electric mot
wjth appropriate gearing provides the capability to drive théprobe towards the sample and th
probe’s position is measured by a transducer. A temperature sensor can be located close
tHe clamping device. The power and servo-control to-the electric motor, and outputs from th
Idad cell, transducer and temperature sensor are-fed by cable into a separate controller whiq
can be directly connected to a computer or _capable of data storage in-situ which can &
dpwnloaded into a remote computer. Parameters such as probe velocity, and maximum loa
and displacement are preloaded into the-controller before the start of measurement. Th
infstrument is also designed such that the*cable clamp can be modified to allow calibration
tHe load cell using an appropriate weight and the probe travel using a dial gauge.

NPTE 2 When measuring on a wire with small diameters the result could be more non-linear in the beginning of t
cyrve due to that only a part of theMip of the anvil have contact with the sample. This could influence t
reproducibility with only small changés in the way to perform the measurement. See Figure 2.

; / Tip of the anvil
L Penetration depth for full contact

Small diameter wire/cable

IEC

Figure 2 — Penetration depth for full contact on the tip of the anvil

7.5 Calibration and tolerances

The indenter and the measurement system shall be calibrated before each series of
measurements in accordance with the manufacturer’s instructions. The calibration shall be
carried out on both the force sensor and probe velocity. The total error of force measurement
shall be less than 3 % of the upper limit of the force range, including instrumentation tolerances
as well as reading precision. The probe velocity shall be constant. The total measurement error

of the required velocity shall be less than 2 %.

The user of the instrument shall have a defined process for visual inspection and measuring of
the tip of the anvil. If wear or other damage to the tip of the anvil occurs to the extent that the

dimensions are no longer according to Figure 1, then the anvil shall be replaced.
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7.6 Selection of measurement points

In each of the selected locations for field measurements, measurements shall be carried out at
several points and the mean value and standard deviation shall be reported. If the number of
points is more than 7, the highest and lowest value shall be deleted before calculation of the
mean value and the standard deviation. For measurements on cables, a minimum of three
points around the circumference at each of three longitudinal positions shall be used. Where
space is limited, it may not be possible to rotate around the cable circumference. In this case,
a minimum of nine points shall be selected with a separation of 60 mm to 100 mm along the
cable length.

Iffthe measurement curve is not smooth maybe because of slipping due to low clamping-force
tHe measurement value can be excluded and a new measurement be performed.

I the case of laboratory measurements on samples of cables, a minimum of three points around
tHe circumference at each of three longitudinal positions shall be used.’ None of the
measurement points shall be less than 100 mm from the ends of the sample.

Fpr measurements on O-rings, a similar number of points shall be measured if the size of thHe
Orring allows.

717  Selection of probe velocity and maximum force

BEefore the start of the measurement, the test parameters shalbe loaded into the measurement
system. In particular, the required maximum load and maxitium displacement should be set 3s
limits to prevent damage to the equipment measured,

The probe velocity can have a significant influence 0h the measured value of indenter modulug.
The probe velocity shall be 5 mm-min~" to 5,2.mm-min~'. The probe velocity that is selectdd
shall be reported.

The maximum force that is selected needs to be a compromise between a value which is hig
enough to achieve reasonable resolution in the displacement axis and a value that is low enoug
tq ensure that the probe does not-damage the cable. For many polymeric insulation materialg,
a|maximum force of 10 N is receammended. This will normally result in a probe penetration depth
which is significantly less than-1 mm. For certain insulation materials, such as SiR, a maximum
value lower than 10 N can‘be’required to avoid excessive penetration.

NPDTE Some measurementssystems contain independent mechanisms to protect the equipment under test by limiting
the probe force and travehdistance.

718 Clamping

When carrying out measurements on cables, the measured value of indenter modulus can |
sfrongly-affected by variations in the force used to keep the cables securely in position with
the <lamp. In order to minimise these effects, the cable shall be clamped using the minimu
fdrcerequired to keep it in place. It is important that a consistent clamping methodology is use
Problems in clamping shall be included in the measurement report.

— 3> 0

7.9 Determination of the value of the indenter modulus

The indenter modulus is determined by the slope of the force-displacement curve, and is
expressed in N-mm-~1,

[M=(F2—F1)/(d2—d1) (1)
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where

IM is the indenter modulus;

F.

is the corresponding force value at displacement 4.

IM shall be determined by using the values F; =1 N and F, = 4 N, see Figure 3.

of]
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® 7 A
. /)
7 i //
o 5 ‘
S dy = dy /
3
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1
O T
0 0,1 0,2 0,3 0,4 0,5 0,6

Displacement (mm)
IEC

Figure 3 — Calculation of-inidenter modulus

DTE Some instruments used for indenter measurements show the result in load versus time (in N-s~). The val{jie

the indenter modulus in N-mm~" is then calculated as.the value in N-s~' divided by the probe velocity in mm-s~1.

10 Reporting
ne measurement report shall as amimimum include the following items:

Identification of the equipment measured, including the material formulation. For selectign
of samples from the field-ar measurements in the field this shall include plant and locatign
relative to heat and radiation sources (7.2).

Prehistory of the equipment. This can include:

e indenter mgasurements on samples of new (un-aged) equipment: storage and time
interval between production of the equipment sampled and start of the measuremept
(7.1);

e indenter measurements on artificially aged samples: ageing conditions of the samplgs
(2:3);

¢, -indenter measurements on naturally aged samples (e.g. field measurements): history pf

environmental conditions to which the sample has been subjected (7.2).

c) Place and date of the measurement (laboratory, on-site).

d) For laboratory measurement of samples subjected to artificial thermal ageing: time interval

between removing the sample from the heat chamber until start of measurement (7.3).

e) Ambient and surface temperature at the time of measurement (7.3).

Other local conditions and situations encountered during measurement that can influence
the results.

g) Measurement instrumentation, including software version (7.4).

h) Calibration procedure (7.5).

Measurement points (7.6).
Probe velocity (7.7).
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Maximum force (7.7).
Mounting of the sample and problems in clamping (7.8).

For measurements in the field: observations on the condition of the equipment before and
after indenter measurements (7.2). Also deviation from the demands in this document, due
to limited space, for example.

Mean value and standard deviation of indenter modulus (after deleting the highest and
lowest value), in N-mm~1 together with information on the force interval for which it has been
determined (normally 1 N to 4 N) (7.6 and 7.9).

Ap example of a measurement report is given in Annex B.

Ifthe Indenter measurements are made at a temperature above 25 ~C, 15 recommendgd
that the value referenced to 20 °C is also reported, calculated according to Annex A.

Diagram showing a typical force versus displacement curve.

Any other information of importance in interpretation of the measurement results|in relatign
to the purposes of the measurements.
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Annex A
(informative)

Examples illustrating factors affecting the variation
of the indenter modulus value

A.1  Example of influence of variability in equipment dimensions and
construction

Flgure A.1 illustrates the variations due to variability in equipment dimensions and constructio
showing sets of data from indenter measurements at eight points on the jacket of a 7 coré cab
th jacket material CSPE and insulator material EPDM. The mean values and istanda

W
deviations of the indenter modulus measured were 15,57 N-mm=1 and 0,58 N-mm~" for th
upaged cable jacket, 23,21 N-mm~"1 and 1,06 N-mm~" for the thermally aged cablé jacket.

[ Unaged |

Load (N)

O -=-2NWPHOTONO®O

Load (N)

O -_2NWPHOTONO©O

o
N
N
w
AN
3
o
~
©

zZ

DTE The probe velocity was 5,2 mm-min~' and the“ihdenter modulus values were calculated from the slo
bdtween 1 N and 4 N by division by 5,2:60".

Figure A.1 — Example of localwariation of indenter modulus due to variation
in equipment dimensions and construction

A.2 Examples of temperature dependence

These examples come from a study of the temperature dependence of the indenter values
three types of thermally aged cables:

—| jacket and lead insulation materials CSPE,

jacket material CSPE, lead insulation material XLPE,
—| jacket.anhd lead insulation materials EPDM.

The/measurements were made at 9 (3x3) points on the jacket and the indenter modulus value

2

=]

® Q O

Df

s
d

werevobtained from the slope of the force-distance curve between 1 N and 4 N. All cables h{g

been thermally aged at 120 °C for 48 days. The measurements were made after temperature

stabilisation at 21 °C, 35 °C and 50 °C.

Figure A.2 shows the results in terms of mean values and standard deviation of the indenter

modulus.
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Figure A.2 — Indenter values measured at differentd¢emperatures
ne results illustrate the temperature dependence of indenter. modulus measurements.

the case where indenter measurements are made at temperatures which differ substantial
bm the standard temperature for testing 7,4 (20 °C), e.9! on site, normalisation to a value 7M,

20 °C can be made. The calculated value of /M,gfis given by the following empirical formul

[Mref = [1 + 4 % (t S tref) / (f1 - tz)] X ]Mt
(A,

here
is the temperature at which the measurement in the field is made;
o is the.measured value of indenter modulus at temperature ¢;
i/, and IM, are the values of indenter modulus at two different temperatures ¢, and

respectively from laboratory measurements made on the same material.

should(be'selected in the region of the highest temperature at which measurements in th
eld can.be made, and ¢, should be in the region of 20 °C. Figure A.3 shows the mean valug
Figure A.2 normalised according to formula (A.1).

i
9]

ef
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amonds represent the measured value.

Circles represent the normalised value.

Figure A.3 — Normalised indenter mean values
The normalisation works well over the measurementjtemperature interval 20 °C to 50 °C.

Tp summarise, the recommendation is:

temperature of 20 °C.

o| If it is foreseen that measurements will be made on site at significantly higher temperatu
than standard laboratory temperature, e.g. for comparison with qualified condition, it
recommended that the _relévant value of 4 is determined and reported by usir
measurements at two temperatures (laboratory temperature and one elevated temperatur
close to what can be(éxpected in site measurements). This should be carried out after th
artificial laboratory ageing which forms part of the initial qualification testing.

A.3 Examples of effects on the indenter modulus from drying out after high
temperature ageing

Most organic and polymeric materials currently used in-containment are not significant
hygroscepic. If hygroscopic materials are used, the influence of the moisture content of tH
matérial on indenter modulus can be significant and should be taken into account. An examp

o | If practicable, to measure the indentersmodulus after stabilisation to a standard laborator

o YPa n o

y
e

e

of the influence for such a material is shown in Figurp A4 The pxamplp shows the rhangp

bf

the indenter modulus after removal from the dry heat chamber used for artificial ageing (120 °

C

during 46 days). The change is due to the gradual restoration of the normal moisture content

when subjected to the laboratory climatic conditions.
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Figure A.4 — Example of change of indenter modulus value in/laboratory conditions
of a hygroscopic sample after removal from long-term exposure in a heat chamber

Ak shown in Figure A.4, moisture stabilisation in the laboratory/after drying out of a hygroscopjc
sample can take a long time. It may not be practical to allow'the time needed for the sample {o
aftain moisture equilibrium before subjecting the sample to simulated design basis event
conditions. A practical solution is to measure the indenter modulus versus time in the laboratofy
on one of the samples which has been subjected\to the accelerated ageing whilst the other
samples are subjected to simulated design basis‘event conditions. The resulting curve, similar
td Figure A.4, can be used to estimate an indenter modulus value which represents normal
moisture conditions. This value can then be,used as the qualified condition.

By adapting a fitting decay curve, the.indenter modulus value after restoration of the moisture
content related to laboratory conditiof's can be estimated. This is illustrated in Figure A.5.

N
o

Indentef medulus (N x mm=1)

15 e—t

0 20 40 60 80 100 120 140 160 180 200
Time after removal from dry heat chamber (days)
IEC

NOTE The decay curve has the form Ae ¥ + B, where t is the time after removal. The estimated value after

restoration of the moisture content to laboratory conditions is 14,7 N-mm=1.

Figure A.5 — Adaptation of a decay curve
to the measured indenter modulus values in Figure A.4
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Annex B
(informative)

Example of a measurement report for indenter

measurements in laboratory

The examples shown in Table B.1 and Figure B.1 are from the round-robin test programme
carried out as part of an IAEA coordinated research programme on cable ageing.

Table B.1 — Example of a measurement report for indenter measurements in laboratory

Equipment ID 274 Cable FSSR 7X1
. Jacket: CSPE (2 mm) — blue. Insulation and conductors: 7 core EPBM._on stranded|Cu —
Material
grey (0,7 mm)
. Artificially aged in dry heat test chamber. Method: IEC 60068, Test Ba. Ageing condjtions:
Pre-history o
120 °C for 42 days

Place and date of
measurement

2 February 1998

Measurement in laboratory at ABB/Atom, Vasteras

Conditions for

Time interval between removing the sample from’the heat chamber until start of indenter
measuremeént;'> 30 days

measurement
Measurement\temperature: 21,5 °C
Instrument OGDEN CI 96100007
Before measurements according to the instrument manufacturer’s instructions. F¢rce
Calibration calibrated with weights, prebé.velocity calibrated with stop-watch. See calibration eport

No Xxxx

Measurement points

3 points on the jacket around the circumference at each of three cross-sectionp

Probe velocity

5,162 mm-min~’

Maximum force

9N

Mounting

Clamped'in fixture provided by the instrument manufacturer with minimum force reqyired to

keep the cable in place. Fixture type large used.

Indenter modulus
value

Mean value 23,39 N-mm~"; Standard deviation 0,99 N-mm~".
(After deletion of the highest and lowest values)

—~

Measurementsiat 8 points on the lead insulation (separately aged) showed a mean value pf
29,35 N-mm7 1+ 'with a standard deviation of 2,34 N-mm~1.)
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DTE The indenter modulus value was calculated from the slope between 1 N and 4 N by division by 5,162-601.

Figure B.1 — Example of measured force versus time
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CENTRALES NUCLEAIRES DE PUISSANCE - INSTRUMENTATION ET
CONTROLE-COMMANDE IMPORTANTS POUR LA SURETE - METHODES
DE SURVEILLANCE DE L’ETAT DES MATERIELS ELECTRIQUES -

Partie 2: Mesurages indenter

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composg¢e
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC-a pour objet dle
favoriser la coopération internationale pour toutes les questions de normalisation dans”les domaines de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie desCTNofmes internationalds,
des Spécifications techniques, des Rapports techniques, des Spécifications accessiblés au public (PAS) et de¢s
Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée_a,des comités d'études, apix
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisations
internationales, gouvernementales et non gouvernementales, en liaison avec\JEC, participent également afix
travaux.

Les normes de I'lEEE sont élaborées par les Sociétés de I'lEEE, ainsi.que. par les Comités de coordination des
normes du Conseil de normalisation de I'l[EEE Standards Assaociation (IEEE-SA). Ces normes sont
I’laboutissement d’un consensus, soumis a I'approbation de I'Instifuinational américain de normalisation, qui
rassemble des bénévoles représentant divers points de vue et intéréts. Les participants bénévoles ne sont pas
nécessairement membres de I'lEEE et leur intervention n’est,pasrétribuée. Si 'lEEE administre le déroulement
de cette procédure et définit les regles destinées a favoriser I’équité du consensus, I'lEEE lui-méme n’évaljie
pas, ne teste pas et ne vérifie pas I'exactitude de toute information contenue dans ses normes. L’utilisation de
normes de I'lEEE est entierement volontaire. Les documents de I'lEEE sont disponibles a des fins d’utilisation,| a
condition d’étre  assortis d’avis  importants\N\ et de clauses de  non-responsabilité (voir
http://standards.ieee.org/ipr/disclaimers.html pour dé.plus amples informations).

L'IEC travaille en étroite collaboration avec. [lEEE, selon des conditions fixées par accord entre les delix
organisations. Cette norme internationale double logo a été élaborée conjointement par I'lEC et I'lEEE,
conformément aux dispositions de cet accord.

Les décisions officielles de 'l|EC concerhant les questions techniques représentent, dans la mesure du possible,
un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intéressés sojnt
représentés dans chaque comité *d*études. Une fois le consensus établi entre les Sociétés de I'lEEE et lgs
Comités de coordination des norfes, les décisions officielles de I'|EEE relatives aux questions techniques sont
déterminées en fonction du’vote exprimé par un groupe a la composition équilibrée, composé de parti¢s
intéressées qui manifestent leur intérét pour la révision des normes proposées. L’approbation finale de la norme
de I'lEEE est soumise au.Conseil de normalisation de I'|EEE Standards Association (IEEE-SA).

Les Publications IECHEEE se présentent sous la forme de recommandations internationales et sont agréées
comme telles par Iés Comités nationaux de I'lEC/Sociétés de I'l[EEE. Tous les efforts raisonnables sont entreplfis
afin de s’assurer de 'exactitude du contenu technique des Publications IEC/IEEE; I'lEC ou I'l[EEE ne peuvent pas
étre tenus responsables de I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconqie
utilisateur final:

Dans le(but'd'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute [la
mesurespossible, a appliquer de fagon transparente les Publications de I'lEC (y compris les Publications
IECG/IEEE) dans leurs publications nationales et régionales. Toutes divergences entre toutes Publications
IEC/TEEE et toutes publications nationales ou régionales correspondantes doivent étre indiquées en termes claifs
dans ces derniéres.

5)

6)
7)

8)

L'IEC et 'IEEE eux-mémes ne fournissent aucune attestation de conformité. Des organismes de certification
indépendants fournissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux
marques de conformité de I'lEC. L’'IEC et 'lEEE ne sont responsables d'aucun des services effectués par les
organismes de certification indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC ou a I'lEEE, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux
de 'lEC, ou les bénévoles des Sociétés de I'lEEE et des Comités de coordination des normes du Conseil de
normalisation de I'lEEE Standards Association (IEEE-SA), pour tout préjudice causé en cas de dommages
corporels et matériels, ou de tout autre dommage de quelque nature que ce soit, directe ou indirecte, ou pour
supporter les colts (y compris les frais de justice) et les dépenses découlant de la publication ou de I'utilisation
de cette Publication IEC/IEEE ou toute autre publication de I'l[EC ou de I'lEEE, ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.
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L’attention est attirée sur le fait que la mise en application de cette Publication IEC/IEEE peut requérir I'utilisation
de matériels protégés par des droits de brevet. En publiant cette norme, aucun parti n’est pris concernant
I’existence ou la validité de droits de brevet y afférents. Ni I'l[EC ni '|EEE ne peuvent étre tenus d’identifier les
revendications de brevet essentielles pour lesquelles une autorisation peut s’avérer nécessaire, d’effectuer des
recherches sur la validité juridique ou I'étendue des revendications des brevets, ou de déterminer le caractére
raisonnable ou non discriminatoire des termes ou conditions d’autorisation énoncés dans le cadre d’'un Certificat
d’assurance, lorsque la demande d’un tel certificat a été formulée, ou contenus dans tout accord d’autorisation.
Les utilisateurs de cette norme sont expressément informés du fait que la détermination de la validité de tous
droits de propriété industrielle, ainsi que les risques qu’implique la violation de ces droits, relévent entiérement
de leur seule responsabilité.

IEC/IEEE 62582-2 a été établie par le sous-comité 45A: Systémes d’instrumentation, de
nirole-commande € alimentation electrique des installations nucleaires, du_comiiée
études 45 de I'IEC: Instrumentation nucléaire, en coopération avec le “Nuclear Power
gineering Committee” de I'lEEE, selon I'accord double logo IEC/IEEE. Il s'agit d'une_/Norme
ternationale.

b présent document est publié en tant que norme IEC/IEEE double logo.

ette deuxieme édition annule et remplace la premiére édition parue ’en 2011 et sqgn
mendement 1:2016. Cette édition constitue une révision technique.
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INTRODUCTION

a) Contexte technique, questions importantes et structure de la présente norme

La présente partie de I'lEC/IEEE 62582 s’intéresse plus particulierement aux méthodes de
module indenter utilisées dans le cadre de la surveillance de I'état pour la gestion du
vieillissement des matériels électriques installés dans les centrales nucléaires de puissance.
La méthode indenter est communément utilisée pour effectuer des mesurages sur les cables

(gaines externes, isolant) et sur les joints toriques.

L
de I'état fondée sur les mesurages réalisés par module indenter.

h série IEC/IEEE 62582 est publiée en double logo, ce qui la rend applicable pour‘la gestid
) vieillissement des matériels électriques qualifiés tant dans le cadre des normes |IEEE g\
hns celui des normes IEC.

o Q-

La norme IEC/IEEE 60780-323 couvre le concept et le réle complémentaire que peut jouer
gualification reposant sur I’état du matériel dans le cadre de la qualification des matériels 3
njveau de la durée de vie qualifiée. Dans le cadre de la qualification du matériel, I'état d
matériel pour lequel des performances acceptables ont été<prouvées correspond a I'ét
qualifié. L’état qualifié est I'état du matériel qui prévaut au début d’un événement ¢
dimensionnement, pour lequel il a été démontré que le materiel satisfaisait aux exigences g
conception pour les conditions de service spécifiées.

DEs recherches importantes ont été réalisées surdes techniques de surveillance de I’état d¢
matériels et I'utilisation de ces techniques dans‘le cadre de la qualification desdits matériel
comme cela est indiqué dans les documents NUREG/CR-6704, Vol. 2 (BNL-NUREG-52610
JINES-SS-0903, 2009 et AIEA TECDOC-1825:2017.

Llobjectif du présent document IEC/IEEE est d’étre utilisé par les laboratoires d’essai, Ig
exploitants de centrales nucléaireS, de puissance, les évaluateurs de systémes et |q
rggulateurs.

b) Position de la présente horme dans la structure de la série de normes du SC 45A d
'lEC

h norme |IEC/IEEE62582-2 est le document du SC 45A de I'l[EC de troisieme niveau qui trai
I probleme particulier de I'application et des performances des mesurages réalisés p
odule indenter dans le cadre de la gestion du vieillissement des matériels électriques et de
atériels descommande utilisés dans les centrales nucléaires de puissance.

33 Q0

-

h norme*|EC/IEEE 62582-2 doit étre lue avec I'l|EC/IEEE 62582-1, qui fournit les éléments d
pntexte et des lignes directrices pour I'application des méthodes de surveillance de I'état dqg

o

h présente partie 2 de I'l[EC/IEEE 62582 contient une description détaillée de la surveillange

~— UJ

e
:18

materiels électriques importants pour la slreté des centrales nucléaires de puissance.

Pour de plus amples informations sur la collection de normes du SC 45A de I'lEC, voir le point d)

de la présente introduction.

c) Recommandations et limites relatives a I’application de la présente norme

Il est important de noter que le présent document n’établit pas d’exigence fonctionnelle

supplémentaire pour les systémes de slreté.
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d) Description de la structure de la série de normes du SC 45A de I'lEC et relations avec
d’autres documents de I'lEC, et d’autres organisations (AIEA, ISO)

La série de normes du SC 45A de I'IEC comprend une hiérarchie de quatre niveaux. Les
documents de niveau supérieur de la série de normes du SC 45A de I'lEC sont les normes
IEC 61513 et IEC 63046.

L'IEC 61513 fournit des exigences générales relatives aux systémes et matériels
d’instrumentation et de contréle-commande (I&C) utilisés pour accomplir les fonctions

& vAwaw & v & & v vaw ahce N ALZAIAS: A, 18

ants). L'IEC 63046 fournit des exigences générales relatives aux systémes d’alimentatfign
électrique des NPP; elle couvre les systémes d’alimentation électrique jusqu’a et y compris Igs
alimentations des systémes d'instrumentation et de contréle-commande.

LIIEC 61513 et I'l[EC 63046 doivent étre étudiées ensemble et au méme niveal., I’IEC 61513
el 'EC 63046 structurent la série de normes du SC 45A de I'l[EC et forment un,cadre complet
qli établit les exigences générales relatives aux systémes et matériels d'instrumentation et de
contréle-commande, ainsi qu’aux systémes d’alimentation électriques des-centrales nucléairgs
de puissance.

LIIEC 61513 et '|EC 63046 font directement référence aux autres{mormes du SC 45A de I'lEC
ppur les exigences générales relatives a des sujets particuliers, tels que la catégorisation dgs
fgnctions et le classement des systémes, la qualification} la séparation des systémes, |a
protection contre la défaillance de cause commune, la conéeption des salles de commande, |a
copmpatibilité électromagnétique, I'ergonomie, la cybersécurité, les aspects logiciels et
matériels relatifs aux systémes numériques programmables, la coordination des exigences de
sfireté et de sécurité et la gestion du vieillissement. Il convient de considérer les normgs
rgférencées directement a ce deuxiéme niveau, ainsi que I'lEC 61513 et I'l[EC 63046, comn]e
un ensemble cohérent de documents.

Al troisiéme niveau, les normes du SC 45A de I'l[EC, qui ne sont pas référencées directement
par I'lEC 61513 ou I'lEC 63046, sont liées a des exigences spécifiques relatives a des matériels
particuliers, ainsi qu’a des méthodesctechniques ou a des activités spécifiques. Généralement
ce¢s documents, qui font référence' aux documents de deuxiéme niveau pour les exigences
geénérales, peuvent étre utiliséstseuls.

Uh quatriéme niveau qUijyest une extension de la série de normes du SC 45A de I'lEC
correspond aux rapparts, techniques qui ne sont pas des documents normatifs.

La série de normes’du SC 45A de I'l[EC met en ceuvre et détaille de maniére cohérente lgs
principes de sareté et de sécurité, ainsi que les aspects fondamentaux fournis dans les normgs
de slreté pertinentes de I'AIEA et dans les documents pertinents de la série sur la sécurifé
nucléaire( (NSS — nuclear security series) de [I'AIEA. Cette disposition inclut plys
particulierement les exigences SSR-2/1 de I'AIEA qui établissent les exigences de sdreté
rglatives a la conception des centrales nucléaires de puissance, le guide de slreté SSG-30 qe
I’ANEA qui traite du classement de slreté des structures, systémes et composants des centralgs
nucléaires de puissance, le guide de saretée SSG-39 de I'AIEA qui traite de la conception de
I'instrumentation et du contréle-commande des centrales nucléaires de puissance, le guide de
sreté SSG-34 de I’AIEA qui traite de la conception des systémes d’alimentation électrique des
centrales nucléaires de puissance, le guide de slreté SSG-51 de I'AIEA qui traite de
I’ergonomie dans la conception des centrales nucléaires de puissance et le guide de mise en
ceuvre NSS17 relatif a la sécurité informatique des installations nucléaires. La terminologie et
les définitions utilisées pour la slreté et la sécurité dans les normes produites par le SC 45A
sont conformes a celles utilisées par I'AIEA.
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L'IEC 61513 et 'I|EC 63046 ont adopté une présentation similaire a celle de la publication
fondamentale de sécurité IEC 61508, avec un cadre de cycle de vie global et un cadre de cycle
de vie du systéme. En ce qui concerne la slreté nucléaire, 'lEC 61513 et I'|EC 63046
interprétent les exigences générales des normes IEC 61508-1, IEC 61508-2 et IEC 61508-4,
pour le secteur des applications nucléaires. Dans ce cadre, I'lEC 60880, I'lEC 62138 et

I'lEC 62566 correspondent a I'[EC 61508-3 pour le secteur des applications nucléaires.

L'IEC 61513 et I'|EC 63046 font référence a I'lSO 9001, ainsi qu’aux documents AIEA GS
partie 2, AIEA GS-G-3.1 et AIEA GS-G-3.5 pour les sujets liés a I'assurance qualité (AQ).

R

Al niveau 2, concernant la sécurité nucléaire, 'lEC 62645 constitue le document chapeau-po
lels normes de sécurité produites par le SC 45A de I'lEC. Cette norme s'appuie sur les prineips
de haut niveau et les principaux concepts valides des normes de sécurité génerique
nptamment I'ISO/IEC 27001 et I'ISO/IEC 27002, qu’elle adapte et compléte pour.répondre 3
contexte nucléaire et les coordonne avec la série IEC 62443. Au niveau 2;"V'IEC 6096
constitue le document chapeau pour les normes du SC 45A de I'l|EC portant Sur‘les salles ¢
cpmmande, I'lEC 63351 constitue le document chapeau pour les narfmes portant s
I'ergonomie et I'IEC 62342 constitue le document chapeau pour les normes portant sur
gestion du vieillissement.

NPTE 1 Par hypothése, des normes nationales ou internationales sont appliquées pour la conception des system
d'|nstrumentation et de contréle-commande dans les centrales nucléaires de{puiSsance qui mettent en ceuvre d
fopctions de slreté conventionnelles (par exemple, pour assurer la sécuritézdes travailleurs et la protection d
biens, répondre aux dangers chimiques et aux dangers liés a I'énergie procédé).

NPTE 2 L'IEC TR 64000 fournit une description plus compléte de la structure globale de la série de norm
produites par le SC 45A de I'l[EC et de sa relation avec d'autres organismes de normalisation et d’autres normes.

ES
S
ES

S
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CENTRALES NUCLEAIRES DE PUISSANCE - INSTRUMENTATION ET
CONTROLE-COMMANDE IMPORTANTS POUR LA SURETE - METHODES
DE SURVEILLANCE DE L’ETAT DES MATERIELS ELECTRIQUES -

Partie 2: Mesurages indenter

1] Domaine d'application

h présente partie de I'lEC/IEEE 62582 contient des méthodes de surveillance defliétat dgs
atériaux organiques et polyméres présents dans les systemes d’instrumentation et de
bntrole-commande, par l'utilisation de la technique de mesure indenter, selon un processys
btaillé nécessaire pour obtenir des mesurages reproductibles et exacts. La présente part|e
bmprend les exigences relatives a la sélection d’échantillons, au systeémecetlaux conditions de
esure, ainsi qu’au compte-rendu des résultats de mesure.

30Q0 3

ps différentes parties de I'IEC/IEEE 62582 sont des normes,d€, mesure, principalemept
pstinées a étre utilisées pour la gestion du vieillissement dansile cadre de la qualificatign
itiale et aprés installation. L’IEC/IEEE 62582-1 comprend_des”exigences pour |'applicatign
bs autres parties de la série IEC/IEEE 62582 et certains\éléments communs a toutes Igs
éthodes. L'IEC/IEEE 60780-323 fournit des informations\cencernant le role de la surveillange
b I’état dans la qualification des matériels importants pour la slreté.

a3agar

—

p présent document est applicable aux matériels)qui ne sont pas sous tension.

2| Références normatives

Le présent document ne contient aucuhe référence normative.

3| Termes et définitions

Ppur les besoins du présent document, les termes et définitions suivants s'appliquent.

—

ISO, I'EC et 'IEEEtiennent a jour des bases de données terminologiques destinées a étre
ilisées en normalisation, consultables aux adresses suivantes:

C

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/
¢| ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

o| JEEE Standards Dictionary Online: disponible a I'adresse http://dictionary.ieee.org

3.1
module indenter

rapport entre les différences des forces appliquées pour obtenir une pénétration donnée d’une
sonde de forme normalisée dans un matériau

Note 1 a l'article: Celui-ci est exprimé en N-mm~".

Note 2 a l'article: Le terme “module” fait typiquement référence au module d’élasticité du matériau qui est défini
comme le rapport des contraintes appliquées pour obtenir une déformation élastique donnée et qui est exprimé en
N.m~2 (Pa). Cependant, dans le cas de I'utilisation d’'un poingon, il est courant d’employer le terme “module indenter”
pour décrire le rapport entre les forces appliquées pour déformer le matériau et d’exprimer celui-ci en N.mm~".
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4 Abréviations et acronymes

EDD évenement de dimensionnement
IM (indenter modulus) module indenter
SiC caoutchouc silicone

CSPE (chlorosulphonated polyethylene) polyéthyléne chlorosulphoné
EPDM (ethylene propylene diene monomer) caoutchouc d'éthyléne-propyléne-diéne

XLPE (crosslinked polyethylene) polyéthyléne réticulé

5| Description générale

Uh poingon type utilise une sonde instrumentée, qui est entrainée a une vitesse-fixe dans
matériau et comprend un dynamométre ou un dispositif similaire de mesure) de la forc
connecté a la sonde, qui mesure la force nécessaire pour maintenir la vitesse constante. L
deéplacement de la sonde est mesuré par un transducteur approprié. La course et la force so
volontairement limitées pour protéger le matériau contre des dommages permanents. L
module indenter est calculé par le rapport de la variation de la force exercéee et du déplaceme
correspondant pendant la course vers l'intérieur.

6| Applicabilité, reproductibilité et complexité
1 Généralités

ntraine une augmentation du module indenter. Gertains matériaux, tels que certaines formulg
b caoutchouc de butyle, se ramollissent atincours du vieillissement thermique et/ou p
rgyonnement. L’objectif de la surveillance deil*¢volution du module indenter consiste a estimg
lds taux et les niveaux de dégradation induits par le vieillissement.

6
Lorsque les matériaux organiques et polyméresc¢vieillissent, ils durcissent souvent, ce q
e
d

6]2 Applicabilité
L

h méthode indenter est commuhément utilisée pour effectuer des mesurages sur les cablg
(gaines externes, isolant) et _sur les joints toriques. Son utilisation exige des fixation
particulieres en fonction de.la forme des échantillons.

I[fconvient d’appliquet.cette méthode uniquement pour des matériaux dont la dureté varie g
fdgcon monotone paryrapport au vieillissement.

La méthode indenter peut étre appliquée pour des matériels qui présentent un niveau d'intégri
élevé de fagon non intrusive. Cependant, il convient que le processus de réalisation ¢
mesurages-indenter sur des matériels sur le terrain comprenne les contrdles qui permettent g
érifiet que les dommages — causés par la sonde ou dus aux manipulations nécessaires po
teindre les points de mesure adaptés — n’ont pas dégradé le matériel. Il convient que

]

e
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Les mesurages réalisés sur le terrain exigent un accés a la paroi externe du matériel.
Concernant les mesurages sur les cables réalisés sur le terrain, cette disposition limite souvent
les mesurages aux matériaux de gainage externe des cébles. Il peut étre possible d’évaluer

I’état de l'isolant des cables a partir des mesurages indenter réalisés sur sa gaine externe, s

existe une relation connue entre la dégradation liée au vieillissement du matériau de gainage
externe et la dégradation de lisolant. La validité de cette relation doit étre démontrée et elle
doit étre suffisamment sensible pour permettre une surveillance correcte tout au long de la

durée de vie de I'objet en essai.
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6.3 Reproductibilité

Les valeurs du module indenter peuvent étre influencées par la variabilité des dimensions et
de la construction des éprouvettes, ainsi que par la température, la teneur en eau, la stabilité
et la contamination de ces derniéres. Si des mesurages sont réalisés en présence de vibrations
excessives, cela peut avoir une influence sur la valeur mesurée. L’influence liée a la variabilité
des dimensions et de la construction des éprouvettes est généralement observée dans le cas
de mesurages réalisés sur les cables, avec lesquels le point de mesure peut étre situé au-
dessus d’une cavité présente sous la surface de la gaine externe. La section de I'isolant type
d’un conducteur de cable peut étre significativement différente de celle d’un tube théorique, ce

niveau des valeurs mesurées du module indenter. Ces variations tendent a étre localisées:"kgs
esurages doivent étre réalisés en plusieurs points du matériel afin de compenser’cas
variations localisées (voir 7.6).

L]Annexe A représente les variations dues a la variabilité des dimensions et de-la.constructign
des éprouvettes.

%
-

Une bonne connaissance de la constitution du matériel est importante)avant de sélectionns
lgs positions de mesure. Dans le cas des cables a structure lache, il,esbprévu que la variabili
sopit élevée. De méme, il est important que les mesurages sur la gaine externe soient effectué
slir un conducteur plutét que dans un espace libre.

» O

6J4 Complexité

Leé degré de complexité observé au cours des mesurages de module indenter sur le terra
dépend souvent de I'accessibilité des cables. Des_ appareils de mesure existants peuvent ét
ufilisés sur le terrain sur les cables accessibles/)Dans ce cas, la génération de données e
rgpide et les mesurages d’'un grand nombre de points peuvent étre effectués pendant de courts
durées. Les appareils de mesure peuvent €tre configurés de sorte que les données soient
produites et stockées directement. Les mesSurages effectués sur des matériels qui présentent
d
d

A ]

bs configurations plus complexes et uneaccessibilité limitée peuvent exiger le développement
b fixations particuliéres. Les mémes: fixations doivent étre utilisées pour des mesuraggs
rgpétés du module indenter.

7| Procédure de mesure

71  Stabilisation des matériaux polymeéres

Uhe durée appropriee doit étre prévue pour que les matériaux polymeéres des matérie|s
fgbriqués récemmeént se stabilisent avant que des programmes de surveillance de I'état ou de
v:fillissement accéléré ne soient réalisés. La durée pendant laquelle les matériaux polymergs
s¢ stabilisent dépend normalement des additifs de traitement et de la composition dgs
pplymeres./En I'absence de données du fabricant sur le temps de stabilisation, il convient de
prévoir un délai de 6 mois.

7.2 E'cliantlllonnage et emplacements de mesure

Les mesurages de module indenter réalisés en laboratoire sur des échantillons prélevés sur le
terrain et les mesurages de module indenter réalisés sur le terrain fournissent seulement des
informations sur I'état du matériel a un emplacement spécifique. La connaissance des
conditions environnementales dans les zones représentatives pendant le fonctionnement de
I'installation est une condition préalable au choix des emplacements. Etant donné que les effets
de la chaleur et des rayonnements sur les matériels en essai peuvent étre plus apparents a
proximité des sources de chaleur et de rayonnement, il convient que le choix des emplacements
tienne compte de la possibilité d'effets de vieillissement importants a proximité des sources de
chaleur et de rayonnement. La position des emplacements d’essai et les informations
disponibles concernant I'historique environnemental des emplacements choisis doivent étre
documentées.
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