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This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC/IEEE 62582-2 edition 1.1 contains the first edition (2011-08) [documents 45A/841/
FDIS and 45A/850/RVD] and its amendment 1 (2016-02) [documents 45A/1054/FDIS and
45A/1067/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions are in green text, deletions are in strikethrough red
text. A separate Final version with all changes accepted is available in this publication.

International Standard IEC/IEEE 62582-2 has been prepared b nmittee 45A:
Instrumentation and control of nuclear facilities, of |IEC technical ‘

International standards are drafted in accordance
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amd1-2016_wg-participants.pdf.
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INTRODUCTION

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

This part of this IEC/IEEE standard 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.

This part of IEC/IEEE 62582 is the second part of the IEC/IEEE 62582. It contains detailed
descriptions of condition monitoring based on indenter modulus measurements.

The IEC/IEEE 62582 series is issued with a joint logo which makes.\|it applicable to the

'\ o Yual |ed life. In
, 'ch acepbl performance was

Significant research has been perform i i rechniques and the use of
these techniques in equipment qualificatic i JEG/CR-6704, Vol. 2 (BNL -

b) Situation of the ¢ 5 6 : ucture of the IEC SC 45A standard series
Part 2 of IEC/IE@ 8 EC SC 45A document tackling the specific issue of
application and peffg oS modulus measurements in management of ageing of

electrical instrument a

electrical equipmen |mpo ant to safety of nuclear power plants.

For more deta
introduction.

e structure of the IEC SC 45A standard series, see item d) of this

c) Recommendations and limitations regarding the application of this standard

It is important to note that this Standard 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 top-level document of the IEC SC 45A standard series is IEC 61513. It provides general
requirements for I&C systems and equipment that are used to perform functions important to
safety in NPPs. IEC 61513 structures the IEC SC 45A standard series.

IEC 61513 refers directly to other IEC SC 45A standards for general topics related to
categorisation of functions and classification of systems, qualification, separation of systems,
defence against common cause failure, software aspects of computer-based systems,
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hardware aspects of computer-based systems, and control room design. The standards
referenced directly at this second level should be considered together with IEC 61513 as a
consistent document set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 are standards
related to specific equipment, technical methods, or specific activities. Usually these
documents, which make reference to second-level documents for general topics, can be used
on their own.

A fourth level extending the IEC SC 45A standard series, corresponds to the Technical
Reports which are not normative.

industry. In this framework IEC 60880 and IEC 62138 corres
nuclear application sector.

IEC 61513 refers to ISO as well as to IAEA 50-C-
topics related to quality assurance (QA).

series, in particular the Requirements NS shi afety requirements related to the
design of Nuclear Power Plants, and the Sz fet i -G-1.3 dealing with instrumentation

definitions used by SC 4 ith those used by the IAEA.

9,
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 2: Indenter modulus

1 Scope and object

This part of IEC/IEEE 62582 contains methods for condition monito |ng 0
polymeric materials in instrumentation and control systems using

technique in the detail necessary to produce accurate and repro i
includes the requirements for the selection of samples, the
measurement conditions, and the reporting of the measuremen

organic and
er modulus

myn practice to use the term indenter modulus to descrlbe the ratlo of the change in
ion and express it in N-mm~".

DBE Design Basis Event

IM Indenter Modulus

SiR silicone rubber

CSPE chlorosulphonated polyethylene
EPDM ethylene propylene diene monomer

XLPE crosslinked polyethylene
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4 General description

A typical indenter uses an instrumented probe, which is driven at a fixed velocity into the
material and includes a load cell or similar force-measuring device, connected to the probe,
which measures the force necessary to maintain the constant velocity. The probe’s
displacement is measured by an appropriate transducer. The travel and force are purposely
limited to protect the material from permanent damage. The indenter modulus is calculated by
dividing the change in force by the corresponding displacement during inward travel.

5 Applicability, reproducibility, and complexity

5.1 General

When organic and polymeric materials age, they often harden which Wi g i increase
of indenter modulus. Some materials, such as some formulatio soften

5.2 Applicability

The indenter method is commonly used to carry/ouf-measure on cables (jackets,
insulation) and o-rings. Its use requires special fi i the geometry of the
samples.

This method should only be applied to i 8s changes monotonically with
ageing.

should include ¢
damage.

measurement limits the measurements to jacket materials. It may be
possible to assess.d of cable insulation from indenter measurements on its jacket
if there i -~-. ship’between the ageing degradation of the jacket material and the
degrada asulation. This relationship shall be justified to be valid and sufficiently

5.3 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 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 the equipment to compensate for these local variations (see 6.6).

An illustration of variations due to variability in specimen dimensions and construction is given
in Annex A.
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NOTE A good knowledge of the construction of the equipment is important before the selection of measurement

positions is made. In the case of loosely constructed cables, the variability is expected to be high and it is
important that the measurements on the jacket are made over a conductor rather than free space.

5.4 Complexity

The degree of complexity experienced during indenter modulus measurements in the field will
often depend on cable accessibility. Existing instruments may 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. Instruments can be configured
such that data are generated and stored directly. Measurements on equipment with more
complex geometries and limited accessibility may require the development of special fixtures.
The same fixture shall be used for repeated indenter modulus measurements.

6 Measurement procedure

6.1  Stabilisation of the polymeric materials

An appropriate time period shall be allowed for the i 2Neri in recently
manufactured equipments to stabilise before any conditio orlyg or agcelerated ageing
programmes are carried out. The time period over whj i

of the locations and available information about
selected shall be documented.

Sampling and mes s shall comply with local instructions, taking into
account the safet quipment. Handling of equipment during measurement
or removal ofs S e pfant should be minimised e.g. cables should not be bent

The surface on Which the measurements are made shall be cleaned of surface debris. In the
field, it may 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.

When measurements are carried out in the laboratory, e.g. after accelerated thermal ageing,
they shall be made in a surrounding air temperature of 20 + 5 °C and a relative humidity of
45 % to 75 %. Samples shall be allowed time to reach equilibrium with their surroundings
before measurements are started.

NOTE 1 Where the materials are hygroscopic, it should be noted that the sample can be extremely dry after
artificial accelerated ageing as a consequence of long-term exposure to high temperatures in an oven. For these
materials, the values of indenter modulus measured can be significantly higher than for a sample in equilibrium
with the laboratory atmosphere. This is particularly important for condition monitoring of hygroscopic insulation
material when the final value of indenter modulus, on which qualified condition is based, is measured on
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completion of accelerated thermal ageing before the sample is subjected to a DBE test. Clause A.3 provides
guidance on dealing with this specific concern.

It may not be possible to make field measurements in standard atmospheric conditions. In
such cases the surrounding air temperature and the temperature at the surface at which the
measurements are made shall be recorded.

NOTE 2 Annex A shows a method for transformation of a measured indenter modulus to a corresponding modulus
at a different temperature. In addition to reporting the temperature at which the value has been measured, it is
recommended that the corresponding value at 20 °C be calculated and reported.

6.4 Instrumentation

The indenter functions by driving an instrumented probe at a fixed velogity trto the material

the material.

NOTE Although the total displacement is
displacement is still significantly non-linear.
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