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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3: Elongation at break

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 premote 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,'VNEC 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 liaisifng
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 promojte
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
https://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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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
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Nuclear Power Engineering Committee of the Power & Energy Society of the IEEEY, under the

ade to the previous edition IEC/IEEE 62582-3:2012. A vertical bar appears in the margin

herever a change has been made. Additions are in green text. deletions are in
rikethrough red text.

C/IEEE 62582-3 was prepared by subcommittee 45A: Instrumentation and control of nuclear
cilities, of IEC technical committee 45: Nuclear instrumentation, in cooperation’with the

C/IEEE Dual Logo Agreement between IEC and IEEE. It is an International Standard.
Nis document is published as an IEC/IEEE Dual Logo standard.

his second edition cancels and replaces the first edition published in 2012. This editign
bnstitutes a technical revision.

his edition includes the following technical changes with respect to the previous edition:

Updated best practices relating to condition monitoring using the tensile elongation method.
Updated bibliography, references and context.

he text of this International Standard is based.en the following IEC documents:
Draft Report on voting
45A/1524/FDIS 45A/1538/RVD

LIl information on the voting far-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 wwwiec.ch/members_experts/refdocs. The main document types developed by IE
e described\in greater detail at www.iec.ch/publications/.

O

list ofiall parts of the 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.

1

A list of IEEE participants can be found at the following URL: http://standards.ieee.org/downloads/62582-3/62582-
3-2012/62582-3-2012_wg-participants.pdf.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

MPORTANT - The "colour inside” logo on the cover page of this document indicates
hat it contains colours which are considered to be useful for the correct understanding
bf 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 the standard

This part of this IEC/IEEE standard specifically focuses on elongation at break methods for
condition monitoring for the management of ageing of electrical equipment installed in nuclear
power plants. The method is primarily suited to samples taken from equipment that are based

on-thermoplastic-orelastomericpolymers polymeric materials.

T
d

his part of IEC/IEEE 62582 is the third part of the IEC/IEEE 62582 series. It contains detailgd
escriptions of condition monitoring based on elongation at break measurements.

ne IEC/IEEE 62582 series is issued with a joint logo which makes it applicable to manmagement
ageing of electrical equipment qualified to IEEE as well as IEC Standards.
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abalification—could be 1used in eauinment aualification—as an adiunct_ta ouaslified life n
gyaHHCaHoRA—CoUHG—/oe—USea egtHpet—quaHHCatHo aS—a—aGHURGE<©e—qUa G e R
atuinment aualificationthe condition-of the eauinment for which accentable nerformance was
eguiphetquaiHcatHoR e CoRciHoR- o theequipMme 1o WHCR aCcCcepiadote pPpeHorMmMance- WaS
démonstrated-is the aualified condition—The aualified condition-is the“dondition-of eaquinment
aemnohstateaistheqguatHea-cohaitHon—hRegqguatHea-coRaitHonisine-cohaiHon—-oeqgtHpment;
ptiorto-the start of 3 desian-basis event for which-the eauinmedtWwWas demonstrated-to-meet
pHor—tothe-Sstart—o+a-Gesigh-basis—evehrtowWnchthe—equtipmef-wasaemohsStHateatonept

electrical instrumient and control equipment in nuclear power plants.

C/IEEE 60780-323 defined term condition-based qualification which is an adjunct to tyge
sting. The qualified condition is established by condition indicator(s) prior to the start pf
Ccident conditions for which the equipment was demanstrated to meet the design requiremenis
r the specified service conditions. IEC/IEEE 607%80*323 defined condition indicator.

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

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

Situation of the currentsstandard in the structure of the IEC SC 45A standard series

art 3 of IEC/IEEE 62582 is the third level IEC SC 45A document tackling the specific issue pf
pplication and perfermance of elongation at break measurements in management of ageing of

brt 3 of IEC/IEEE 62582 is to be read in association with Part 1 of IEC/IEEE 62582, whigh

F

ovides\\requirements for application of methods for condition monitoring of electrical
huipment important to safety of nuclear power plants.
or—more detaits o the—structure of the tEC-SCHASAstandard—series, seeitermd)of this

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.
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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’documentgs
of the IEC SC 45A standard series are IEC 61513 and IEC 63046.

IBC 61513 provides general requirements for instrumentation and contf@) (1&C) systems and
eqiuipment that are used to perform functions important to safety in nucleat power plants (NPP$
IBC 63046 provides general requirements for electrical power systefas of NPPs; it covers powg
slipply systems including the supply systems of the 1&C systemsg,

BC 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, ¢ontrol and electrical power systems for
nyiclear power plants.

IHC 61513 and IEC 63046 refer directly to\ other IEC SC 45A standards for generfl
rgquirements for specific topics, such as ‘€ategorization of functions and classification ¢f
systems, qualification, separation, defencgl@gainst common cause failure, control room desigp,
electromagnetic compatibility, human™factors engineering, cybersecurity, software arld
hardware aspects for programmableldigital systems, coordination of safety and security
rgquirements and management of agéing. The standards referenced directly at this second levgl
should be considered together with IEC 61513 and IEC 63046 as a consistent document set.

A} a third level, IEC SC 45A-standards not directly referenced by IEC 61513 or by IEC 63046
afe standards related to\specific requirements for specific equipment, technical methods, or
specific activities. Usually these documents, which make reference to second-level documents
fdr general-tepies requiirements, can be used on their own.

Alfourth level.extending the IEC SC 45 standard series, corresponds to the Technical Reporis
which are not-normative.

The |IEG'SC 45A standards series consistently implements and details the safety and securify
plidfeiples and basic aspects provided in the relevant IAEA safety standards and in the relevant
doetments—ofthetAEARHetear—security—series—(NSS—In—peartiettar—this—iretades—the—+AEA
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 NSS42-G for computer
security at nuclear facilities. The safety and security terminology and definitions used by the
SC 45A standards are consistent with those used by the IAEA.

IEC 61513 and IEC 63046 have adopted a presentation format similar to the basic safety
publication IEC 61508 with an overall-safety life-cycle framework and a system life-cycle
framework. Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation of
the general requirements of |IEC 61508-1, IEC 61508-2 and |IEC 61508-4, for the nuclear
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application sector;—regarding—nuclear—safety. In this framework, IEC 60880, IEC 62138 and
IEC 62566 correspond to IEC 61508-3 for the nuclear application sector. }EC-61513refersto
O 7= oA A R A . a aoni a ad to-a i ) .

—_

IHC 61513 and IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA G@G‘B

and IAEA GS-G-3.5 for topics related to quality assurance (QA). q,b‘
Al level 2, regarding nuclear security, IEC 62645 is the entry document for thﬁ, C/SC 45A
s¢curity standards. It builds upon the valid high level principles and mainf?;'phcepts of the
géeneric security standards, in particular ISO/IEC 27001 and ISO/IEC 2700 fit,adapts them ard
cpmpletes them to fit the nuclear context and coordinates with the IEC 6 series. At level ,
IHC 60964 is the entry document for the IEC/SC 45A control rooms st rds, IEC 63351 is tHe
entry document for the human factors engineering standards a@ C 62342 is the entfy
dpcument for the ageing management standards. Q/

NPTE 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, proce rnational or national
stpndards would be applied;-th n-th iremen

O
DTE 2 |IEC TR 64000 provides a more comprehensive des@)tion of the overall structure of the IEC SC 44A

N
stpndards series and of its relationship with other standards s and standards.
N
%
\g@
¥
xO
o
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NUCLEAR POWER PLANTS -
INSTRUMENTATION AND CONTROL IMPORTANT TO SAFETY -
ELECTRICAL EQUIPMENT CONDITION MONITORING METHODS -

Part 3: Elongation at break

1| Scope-and-objeet

his part of IEC/IEEE 62582 contains methods for condition monitoring of organic and polymerjc
aterials in instrumentation and control systems using tensile elongation techmiques in the
btail necessary to produce accurate and reproducible measurements. This document includgs
e requirements for selection of samples, the measurement system and conditions, and the
gporting of the measurement results.

93 o

—

The different parts of IEC/IEEE 62582 are measurement standards,\(primarily for use in the
management of ageing in initial qualification and after installation. 4EC/IEEE 62582-1 includgs
rgquirements for the application of the other parts of IEC/IEEE 62582 and some elements whigh
are common to all methods. Information on the role of condition“monitoring in qualification pf
equuipment important to safety is found in4+EEE-Std-323 IEG/IEEE 60780-323.

This document is-intended-for-apphecation applicable toon-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.

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

o| |EC Electropgdid: available at http://www.electropedia.org/

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

¢| |IEEE Standards Dictionary Online: available at http://dictionary.ieee.org
31
elongation
E

tensile strain, expressed as a percentage of the test length, produced in the piece by a tensile
stress

[SOURCE: ISO 37:26442017, 3.2]

3.2

elongation at break

Ey,

tensile strain in the test length at the breaking point

[SOURCE: ISO 37:26442017, 3.5]


http://www.electropedia.org/
http://www.iso.org/obp
http://dictionary.ieee.org/
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3.3
nominal elongation at break

tensile strain, expressed as a percentage of the specimen length between the grips, produced

in the specimen at the breaking point

3.4
gauge length
Lo

initial distance between the gauge marks on the central part of the test specimen. It is expressed

inmilmetres /mm\

ot oo

Note 1 to entry: See figures of the test specimens in the relevant part of ISO 527.

[SOURCE: ISO 527-1:26422019, 3.1]

35

tgst speed-of testing
rgte of separation of the-grips—of-the-testing-machine-during-the-test gripgig jaws

Ne¢te 1 to entry: It is expressed in millimetres per minute (mm/min).

[SOURCE: ISO 527-1:20422019, 3.5]

4| General description

This document provides requirements for the cor@ition monitoring of organic and polymer|
mlaterials using tensile elongation techniques wheréby a test specimen is extended along i
Igngitudinal axis at constant speed until the specimen-fractures breaks. During the test, the log
syistained on the specimen and its elongation-are measured. For this standard, elongation

break is the measured parameter.

NPTE Elongation at break rather than tensile® strength is used because for some—pelymers polymeric materia
Jrticularly thermoplastics, the strength-ma¥ Tan remain consistently equal to the yield strength after ageing ev¢
when the elongation has decreased to <50 % absolute.

e

5| Applicability and reproducibility

The tensile elongationnmethod described in this document is related to the long chain molecul
sfructure of the polymer. As degradation proceeds, changes in the molecular structure occur &
a|result of cross-linking, chain scission, oxidation and other degradation mechanisms. Thes
changes usually. decrease the elongation at break.

The tensile‘elongation method described in this document is primarily suited to samples take

from equipment that are based on-thermoplastic-or-elastomericpolymers polymeric material

Thelmethod is generally not suitable for fibre reinforced-pelymers polymeric materials or resir

[s

At

i

N

18

U7

Slur\h a2s anoxides
CHaS-8POXHa0S-

The tensile elongation method described in this document cannot be used in the field in the
nuclear power plant but uses samples taken from the plant, which are then measured in the
laboratory. Each tensile elongation measurement in the laboratory can take between 5 min and

10 min to complete.

NOTE Round robin tests using a method close to the current standard have shown a typical laboratory variation
results of measurements of elongation at break on identical specimens of 8 % to 10 %.

in
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The mechanical properties of some polymeric materials-may can be affected by the moisture
content. Most organic and polymeric materials currently used in the containment are not
significantly hygroscopic. However, if hygroscopic materials are used, the influence of the
moisture content of the material on elongation at break-may should need to be considered,
particularly after artificial thermal ageing as a consequence of long-term exposure to high
temperature in an oven.

Degradation of some polymeric materials in radiation environments cannot be correlated to
elongation at break.

6 Measurement procedure

1 Stabilisation of the polymeric materials

6

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 ischormally dependent
on the processing additives and polymer composition. If manufacturersstabilisation time data
are not available, a period of 6 months should be allowed before commeéncing ageing to allow
initial values from unaged samples to become stable.

6J2 Sampling

[=2)

2.1 General

Measurements of tensile elongation provide information on the status of the equipment only at
tHe specific location which has been sampled. Knowledge of the environmental conditions |n
rgpresentative areas during plant operation is @ prerequisite for selecting sample locations for
condition monitoring. It is important that theseylocations represent as wide a range of ageirg
conditions as possible with special consideration given to locations where ageing conditions
could be severe, e.g. hotspots. The location of the sampling and available information aboyt
tHe environmental time history at the sample location selected shall be documented.

Spmpling procedures shall comply with local instructions, taking into account safety of
personnel and equipment. Handling of equipment during removal of samples from the plapt
sIouId be minimised, e.g..cables should not be bent more than is necessary to remove the
sample.

Measurements of elengation at break are formulation dependent and-may can be sensitive {o
mlanufacturing variations, such as porosity. Any changes in formulation—need-te shall Qe
eyaluated.

6J2.2 Sample requirements

—

When\preparing samples from whole cables that have been aged in the laboratory or in a depogi
samples shall be taken from sections of the cable at least 100 mm from the ends, unless sugh
ends have been sealed during ageing.

In order to obtain reasonable confidence, a minimum of 5 test specimens is required for
elongation measurements to be made on one specific sample. However, it is recognised that in
some cases, e.g. in samples taken from hot-spots, there—may can be insufficient material
available for this minimum to be satisfied.

The specimens-may can be prepared from equipment taken from the sampling location or,
alternatively, be prepared in advance and placed in the sample locations.

Care shall be taken to avoid unsuitable conditions in storage during the time period between
sampling and measurements. It is recommended that samples be stored in the dark at
temperatures not exceeding 25 °C and at humidity conditions within 45 % and 75 %.


https://iecnorm.com/api/?name=1d6b05d85bdd5f8b665c8de60ca96ce0

IEC/IEEE 62582-3:2024 RLV -13 -
© IEC/IEEE 2024

6.3 Specimen preparation
6.3.1 General

When elongation tests are being carried out as part of a condition monitoring programme
involving comparative and consecutive measurements, identical specimen preparation methods
and shapes and dimensions of the specimen shall be used.

The type of specimen used for elongation measurements will depend on the geometry of the
equipment being sampled. Where possible, dumb-bell specimens shall be used. For some
equipment, e.g. the wire insulation in small diameter cables, dumb-bell specimens cannot, e
pfepared and tubular specimens shall be used as specified in 6.3.3. Moulded O-rings may aldo
b¢ used as test specimens, where appropriate.

Dumb-bell or tubular specimens, or moulded O-rings are the most common form-efySpecimens
used for condition monitoring. For some equipment alternative specimen geemetries may he
necessary.

—

Specimens prepared from equipment before ageing, for example for usé jna sacrificial depos
mlay be used. Care shall be taken that diffusion-limited oxidation js net an issue when using
pfe-prepared specimens compared with those prepared after ageinhg-

NPTE 1 Preparation of test specimens from aged samples can be difficult; see Annex B for suggested approachegs
for preparing such material.

NPTE 2 Recent studies have shown little significant difference between the oxidation of samples aged as whqle

cgbles and those aged as prepared specimens (see Bibliography JNES-SS-0903), for small diameter cables in|a
lihited number of specific materials.

3.2 Dumb-bell specimens

6
Recommendations for the shape and dimensjons of dumb-bell specimens are given in Annex A.
The test specimens shall be cut from the specimen using a suitable die (see Annex D).

Il samples used for condition manitoring, there is usually only a limited amount of materip
ayailable. For this reason, smaller specimens than are usually used for tensile measurements
mlay be necessary.

6)3.3 Tubular specimens

Tpbular specimens-ate used for equipment such as cable insulation where the core diameter |s
tqgo small to enable dumb-bell specimens to be cut. Tubular specimens are prepared by
rgmoving the conductor from lengths of the insulation material. The overall length of the strippgd
insulation shall*be a minimum of 50 mm.

Cpre ,shall be taken to avoid damage to the polymeric insulation when stripping out the
conduetor. See Annex B for suggested methods of preparing specimens.

With this type of specimen, end tabs or soft inserts are needed to prevent breakage in the grips
of the tensile testing machine, as detailed in Annex A.

6.3.4 O-ring specimens

Moulded O-rings may be used as the test specimens. It is essential that the same specimen
dimensions are used for both unaged and aged samples for condition monitoring. O-ring
samples may be taken from aged equipment.
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6.4 Instrumentation
6.4.1 Tensile test machine

The instrument used for tensile elongation measurements shall be capable of measuring the
load exerted on the specimen and the separation between the specimen grips during continuous
stretching of the specimen at a constant rate. The test machine shall be capable of testing
speeds between-10-mm-min—t-and-100-mm-min— 10 mm/min and 100 mm/min with a tolerance
of £ 10 %.

Specimen grips shall be attached to the test machine so that the axis of the specimen coincidgs
wjth the direction of pull through the centre line of the grip assembly. The test specimen_shall
be held such that slip relative to the grips is prevented. Pneumatic grips are preferred {o
echanical grips. The clamping system shall not cause undue stress on the specimgn;resultirlg
in potential premature fracture at the grips.

Fpr the testing of O-ring specimens, the test machine shall have two pulleys’or rounded pins
aftached, one to the fixed part and one to the moving cross-head. Thesg ‘pulleys or pins shall
be aligned along the direction of pull and shall have a diameter no greater-than one third of the
Orring’s initial internal diameter and not less than 3 times the cord diafmeter.

The load indicator shall be capable of showing the tensile load/carried by the specimen ard
indicate the load value with an accuracy of at least 1 % of the actual value.

4.2 Calibration

he instrument shall be calibrated according to theymanufacturer’'s recommendations as wgll
b traceable to a national measurement standar@/with a certificate of calibration of measurirlg
nd testing equipment, for the load and elongation range appropriate for the specimens being
sted.

00 o O

(=)

4.3 Use of extensometers

Measurement of the grip separation'or crosshead travel from a tensile test machine calibratgd
tq manufacturers’ specifications Ghall provide the specimen elongation during the tensile test

Aph extensometer may be-used as an alternative method of measuring elongation. If used, |it
Iall be of the non-contaeting type. Non-contacting video extensometers are available whigh

n be used to measure specimen elongations to high levels of accuracy-ifregquired. If sugh
tensometers are used, a pair of marks shall be made on the surface of the specimen with|n
He straight section of the specimen. The distance between these marks shall be equal to the
gauge length.for-dumb-bell specimens and be 20 mm for tubular specimens.

The same-method for measuring elongation of the specimen shall be used for both aged and
upaged,samples.

6.5 Tensile elongation measurement method
6.5.1 Conditioning

Specimens shall be conditioned at a laboratory temperature of (25 +5) °C and a relative
humidity of 45 % to 75 % for at least 3 h prior to testing.

6.5.2 Dimensions of test specimens

If tensile strength is to be measured as subsidiary information from the tensile test, then the
dimensions of the test specimen shall be determined as follows.
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For dumb-bell specimens the width and thickness shall be measured in the gauge length section
of the specimen. Dimensions shall be measured to the nearest 0,1 mm using a suitable
instrument such as a vernier calliper or dial gauge.

For tubular specimens, the diameter and thickness shall be measured. Optical measurement of
the thickness at a number of radial locations around the specimen shall be made. If practical,
6 locations are recommended. Where the thickness is variable, e.g. where insulation overlays
a stranded conductor, a best estimate shall be made of the cross-sectional area.

ternal diameter shall be measured using a calibrated cone gauge or other suitable measurirlg
equipment.

5.3 Clamping

nsuring that the longitudinal axis of the specimen is aligned with the axis of the testing machire.
he grips shall be tightened evenly and firmly to avoid slippage of the ‘test specimen. Grjp
s¢paration shall be such that only the wide sections of dumb-bell specimens are in contact with
the grips. For tubular specimens, the grip separation shall be 30 mm.

6
Fpr dumb-bell and tubular test specimens, the specimen shall be placed in the test grips,
e
T

Fpr O-ring samples, the specimen shall be placed over the pulleys or pins attached to the fixgd
and moving cross-head of the test machine, ensuring that the specimen is not twisted.

6)5.4 Testing speed

The recommended testing speeds are shown in Tabler1. The same test speed shall be used for
all tests on the same material.

Table 1 — Testing speeds for elongation measurements

Specimen type Testing speed-(mm-min~")
mm/min
Dumb-bell specimens —(types 1, 1A and 2 20
Dumb-bell specimens= type 3 10
Tubular specimens 50
O-ring spegimens 50

The types referto Annex A, Table A.1.

These tésting speeds are much slower than normally used for tensile testing of polymerjc
specimens for QA purposes but are recommended because slower test speeds tend to give
mofe reproducible results. Also, the measurements may not necessarily be directly comparable
W th tcbtb |||adc dt hluhcl bpccda. FUI thlb 1cadovull, c;:unyatiun dt blca'r\ va:u::b dclivcd fIUIII tUD S
performed with higher speeds may not be appropriate as reference values for ageing monitoring.
In condition monitoring tests, the amount of material available for testing is very limited and
there is often no scope for the preparation of additional specimens.

6.5.5 Recording data
The load exerted on the specimen and the corresponding distance between the grips shall be

recorded during the test, preferably using an automated recording system which can display
the load-elongation curve during the test. The test shall be continued until the specimen breaks.

Examples of typical load-elongation curves are shown in Annex C.
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5.6 Calculation of results

For dumb-bell and tubular specimens, the elongation at break is calculated from

Eb _Eo

%) =100 x =——
&(%) X G (1)

0

T
a

N
te|

calculation of the mean. Any such data shall be reported separately.

here

is the elongation at break (expressed as a percentage),
3 is the initial distance between the specimen grips, and
X is the distance between grips at break.

present the initial distance between the marks on the specimen and thevdistance between th
arks at break, respectively.

br O-ring specimens, the elongation at break is given by

g(%)=100><w

here
is the distance between the pulleyxCentres at break,

is the initial internal circumference of the ring and d is the diameter of the pulleys.

DTE 1 The calculation of elongation(assumes negligible friction between the test rig pulleys or pins and the
g material.

ne arithmetic mean and-standard deviation of the test results shall be calculated. Data fro
ny specimens which broKe in the grips or slipped from the grips shall not be included in tH

DTE 2 The tensile-strength of the test specimens can also be extracted from the test as subsidiary data. T
hsile strength s Calculated on the basis of the cross-sectional area of the specimen in the gauge length:

F
o=—
A

a non-contacting extensometer has been used during the test, the parameters £y and [

1A
~

B)

where

o is the tensile strength, expressed in MPa;

F is the measured load at break, measured in Newtons;

A is the initial cross-sectional area of the specimen, expressed in mm?2.
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The cross-sectional area for tubular specimens is given by:

A=nx(D-90)x0 (4)

where

D
o

6
T

z Z T @ > ® Qo O

= X

n

is the mean value of the outer diameter, and

is the mean value of the thickness (see 6.5.2).

o Measurement report

ne measurement report shall include the following items.

Identification of the equipment sampled. This shall include:

o details of the material being sampled, e.g. the generic polymer type, spegcific formulatig
numbers,

e where the sample was taken from,

o for samples taken in plant, location within the plant.

Pre-history of the equipment sampled. This shall include:

e time in service, or ageing time for laboratory aged samplés,

e the environmental conditions to which it has been exposed, e.g. temperature, radiatio
o stabilisation time for unaged samples, 6.1.

Place and date of the measurements.

Number of specimens measured (6.2.2).

Details of specimen preparation (6.3, Annex*A and Annex B).

Specimen type — dumb-bell/tube/ring@and type of end tab/insert used, dimensions
specimen; indicate whether specimens prepared before or after ageing (6.3 and 6.5.2).

Instrument used and software version used for analysis (6.4.1).

Calibration procedure (6.4.2).

Extensometer type used,\if-any (6.4.3).

Type of grips used tosclamp specimens or pulley diameter for O-ring specimens (6.5.3).
Test speed used (6.5.4).

Whether elongation calculated from gauge length, using an extensometer, or nomin
elongation (6.5.6).

) IndividualSelongation values (in %), mean values, and standard deviation; indicate in
comments column any values excluded from calculation of the mean because of failure
the .grips or slippage. If strength values (in MPa) have also been calculated, these shou
be included as subsidiary data.

=

i

A

>

Examples of typical load versus elongation plots. Any atypical plots shall also be included.

Annex E provides an example of a measurement report from tensile elongation measurements.
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Annex A
(informative)

Shape and dimensions of test specimens

A.1 Preparation of dumb-bell specimens

The recommended shape for dumb-bell test specimens is shown in Figure A.1 with dimensions
a$ specified in Table A.1.

Dumb-bell specimens-may can be used with dimensions different from those given in Table A.{
elg. conforming to National Standards. However, it is important for reproducibility that'the sanfe
dimensions are used for both baseline measurements and samples taken from aged"material

The test specimens shall be cut from the equipment sample (e.g., a sectioh) 6f cable) using|a
styiitable die, such as described in Annex D.

Specimens should not be prepared from slab samples, since these are not necessarily
rgpresentative of the material. Slab samples are usually considerably thicker than the materigl
used in equipment such as cables. This-may can raise issues ofdiffusion-limited oxidation and
differences in orientation of the molecular structure if slab samples are used.

A
Y

IEC

Key

~

is the gauge length

Figure ,A:1 — Shape of dumb-bell specimens

Table A.1 —.Recommended dimensions for dumb-bell specimens

Dimension Type 1 Type 1A Type 2 Type 3
mm

Overall length — minimum 115 100 75 50
Width of ends 25+ 1 25+ 1 12,5+ 1 8,5+0,5
Length of narrow portion 33+2 22 +1 25+ 1 16 £ 1
Width of narrow portion 6+0,2 5+0,1 4+0,1 4+0,1
Gauge length 25+ 1 2005 2005 10+ 05
NOTE Type 1 is equivalent to ASTM D-412-C.

A.2 Tubular specimens

Tubular specimens are used for equipment such as cable insulation where the core diameter is
too small to enable dumb-bell specimens to be cut. Tubular specimens are prepared by
removing the conductor from lengths of the insulation material. The overall length of the stripped

insulation shall be a minimum of 50 mm.
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Care shall be taken to avoid damage to the polymeric insulation when stripping out the

conductor. See Annex B for suggested methods of preparing specimens.

With this type of specimen, end tabs or soft inserts are needed to prevent breakage in the grips
of the tensile testing machine. For tubular specimens with outside diameters of < 4 mm, end
tabs shall be fitted as in Figure A.2. For larger diameter tubular specimens, soft inserts shall be

used as in Figure A.3.

The end tabs and/or inserts-need-teo-be shall consist of polymeric material of similar modulus

baoina toctad Thao ecopmabinatians ~f A toba oAy fe v ara ood + PEXWP-N

to

t a—rmatarial al PoX P2 coric P
crratcTarr Ty (CoStCU— e~ ooToTatoTT U CTiU— taioS alntu7uT— ISttt arc— uSstU— (U~ avyu

specimens, where stress is concentrated in the gauge length during the test.

Tp prepare tubular specimens for testing, cut the specimen to a length of 50 mm~For tubul
S
of the specimen, leaving 2 mm of the specimen protruding above the end?’tab. For larg
d
t

ybular specimen. Place the specimen in the test machine and tighten the@sips leaving a centr
gauge length of 30 mm.

Specimen length Endtabs
Y
A i
End tab ——» ©
Y
A
=
2
o
3 8o
=
]
O]
Y
A
[oe]
V u v
< IEC

Figure A.2 - Fitting end tabs to tubular specimens

excessive stress in the specimen at the clamping position. This emulates the use of dumb-bgl

becimens < 4 mm in diameter, cut two end tabs 8 mm in length and slide them' over the ends

ameter tubular specimens, cut two inserts 10 mm in length and insert into the ends of the

Dimensions in millimetrg

d

Ar

Br

Bl
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Dimensions in millimetres

Specimen length Inserts
A A
o
Soft insert ~
A
A
£
[=]
o o E)
w0 ™ g
3
V]
\
A
e
A Y
IEC

Figure A.3 — Fitting soft inserts to tubular'specimens

A.3 O-ring specimens

Orrings shall be tested as complete rings, mounted'in the test machine as shown in Figure A.
the O-ring internal diameter is too small to usé.the pulley fittings for mounting, the O-ring-mgy
can be cut and the ends gripped using standard grips.

i

=
3=

Pulley or pin on
moving cross-head

O-ring

Pulley or pin on
fixed cross-head
IEC

Figure A.4 — Mounting of O-ring specimens in the test machine
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Annex B
(informative)

Preparation of test specimens from cable samples

1 General

The preparation of suitable specimens for elongation at break determination-may can be difficult

a
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y
ufficient to strip the cable down by first removing the jackét with a sharp knife and
h
n

’_Itting with the die. For an aged cable material, it-m&y Can be appropriate to cut the materia
S

nd the level of difficulty i1s usually dependent on a combination of the cable construction ard
e level of ageing in the cable. For cables which have been aged in reactor environments
able sections removed during repairs at outages or where a sacrificial deposit methodology
hs been adopted), cable lengths are likely to be short and the amounts of materiallavailable
r testing limited. It is therefore important to be able to produce specimens foresting in gn
ficient manner.

2 Preparation of specimens from large diameter cables

br cable constructions with large diameter conductors, e.g., power cables, it is usuall

stematically remove any armour or bedding components to réeveal the conductors from whig
e insulation can also be removed using the knife. Dumb-belhtensile test specimens can thg
b cut from the cable materials using a die as required in55-3-2 Clause A.1. In many caseg,
pecimens will be cut from sections of material which are. tubular and require flattening before

s

to small sections to avoid excessive stresses that-may can occur during flattening of tubular
ctions.

many cases, the samples from which the ,specimens are to be cut are of uneven thickness.
he sample can be trimmed to a uniformcthickness using a cutting machine such as that shown
—+EC-60811-1-1(see-the Bibliographyhof-thisstandard) IEC 60811-501, which uses a pair pf
llers to feed the sample against.@ highly sharpened blade. Alternatively, a power-drivgn
Lffing machine-may can be used to'remove surface irregularities. Such a machine should haye
peripheral speed of-15-m-s~ %6 25m-s~" 15 m:s to 25 m:s and utilise a light pressure and
ow feed so that very little. material is removed at one cut.

specimens are prepared from split or buffed material, the specimens should be allowed {o
lax at standard laboratory temperature for at least 24 h before testing.

.3 Preparation of specimens from small diameter cables

cable=constructions that use small diameter conductors, e.g., most instrumentation an
bntral cables, it is unlikely that specimens will be able to be cut using a standard die an
bufar specimens should be prepared. In this case it is suggested that, when the cable he
een stripped down, the conductors are cut to lengins of about 70 mm and approximately 10 m

Snaa

of the insulation is removed to expose the conductor strands.

To remove the conductor from the insulation material, one of the following methods should be
used. It is important to minimise the stresses exerted on the polymeric material during sample
preparation. Accordingly, methods a) and b) shown below are the preferred techniques.
Methods c), d) and e) should only be used if the other methods are unsuccessful.

a) One of the centre strands of the conductor is identified and removed by gently pulling with

pliers with one hand whilst holding the insulation with another. When one strand has been
removed, it-may can be possible to remove the remainder in a similar manner. In the case
of aged cables, care shall be exercised when removing the final strands as the metal
conductor-may can have bonded to the insulation and the process-reeds-te should be carried
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out slowly to avoid damage to the insulation sample. When the process is complete, the
specimen size shall then be trimmed to 50 mm in length, see 6.3.3.

b) In the case of cores with single conductors, it is considered more appropriate to use spring
loaded cable strippers and start at one end of the insulation sample then carefully remove
the insulation using repeated slow movements of the cable stripper.

c) The removal of insulation on wires with solid conductors—-may can also be facilitated by
gently stretching the conductor. The minimum elongation necessary to loosen the insulation
from the conductor should be used.

hand on a smooth surface to Ioosen the conductors and then remove them. Wh|lst th ]
method will allow the insulation samples to be removed, it is likely that the process of.rolling
will impart stress onto the insulation which-may can affect the results of the tepsile test.
When cables are aged, the rolling process might even introduce defects which wijlFresult |n
low values of elongation at break.

e) Where the insulations have bonded to the conductors and removal is difficultsthe applicatign
of heat to gently warm up the samples before using a cable stripper has been successfully
used. This should only be used when all other methods have failed. Thé application of heat
should be for as short a period as possible and the temperature should not exceed 50°C.
Under no circumstance shall excessive heat be applied to free the insulation. In addition tHe
use of solvents to soften the insulation-must shall not be used-bécause solvent can swell,
and plasticise the insulation material. In addition, the présence of solvents can caugde
premature failure during tensile testing due to environmental stress corrosion.

All tubular specimens should be allowed to relax at standard’laboratory temperature for at leagt
24 h after preparation before testing is carried out.

B.4 Preparation of test specimens from bonded material

Py

Spme cable manufacturers use bonded maiterials in the construction of their cables, e.g., EP|
(gthylene propylene rubber) insulation ‘bonded to a CSPE (chlorosulphonated polyethylen
Igyer. Where this bonded material is |latge enough for dumb-bell specimens to be prepared, tH
material can be split or buffed (as in“Clause B.2) to remove one of the layers. In this way, tH
two components of the bonded layer can be tested separately.

1"
~

® @

Fpr smaller cables, where-tubular specimens have to be prepared, it is not generally possib|e
tq separate the bonded layers. In this case the elongation measurements are made on both
Iayers. This can introduce additional variability into the test results, since the two materials-may
can have different-elongation values or have degraded at different rates. Where one layér
bfeaks at a lower elongation than the other, this should be noted in the comments section of
tHe report.
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Annex C
(informative)

Typical load versus elongation curves

Typical load-elongation curves are shown in Figure C.1. The examples shown are for materials
that are brittle — curve a); tough, with a yield point — curves b) and c); tough, without a yield
point — curve d). For each of these types of curve, the values of elongation E,, and load F at

break that are used in ralmllating plnnga’rinn at break and tensile Q’rrpng’rh are indicated
Fy a) b)
Fp
S8
- Ey, Ey,
©
o
-
c) d)
Fp /\
Fp
Ep Ep
Elongation E IEC
Figure C.1 — Typical load-elongation curves
Iffthe specimen slips in the grips during a tensile test, this will show up clearly in a load versys
lne plot, as shown in Figure C.2. If this occurs, the elongation value should be reportgd
parately, but'not included in the calculation of the mean value.
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Specimen slipping in grips

Load F

’p
Time ¢ 1EC

Figure C.2 — Typical load-time curve with a slipping,specimen
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Annex D
(normative)

Dies for cutting dumb-bell specimens

Cutters used for the preparation of dumb-bell specimens shall have the form shown in
Figure D.1, with dimensions corresponding to those given in Table A.1.

~1.0)4 mm

4 1
Angle 4 shall be 30° to 50°
Angle B shall be 18° to 20° B

Surface 1 shall be ground smooth
Surface 2 shall be ground

\
\\‘
N

IEC 1984/12

Dimensions in millimetrgs

X
bt N
X / Y
N L
A
q-..
o
2
Angle“4 shall be 30° to 50° B
Angle B shall be 18° to 20°
Surface 1 shall be ground smooth
Surface 2 shall be ground
IEC

EFigure D1 —Suitable cutiers for dumb-bell specimens
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Annex E
(informative)

Example of a measurement report from tensile elongation measurements

This example is from the round-robin test programme carried out as part of an IAEA coordinated
research programme on cable ageing (see IAEA-TECDOC-1188).

Sample ID 1129 cable insulation, taken from 4-core AIW cable, D14
Material Bonded EPR + CSPE insulation, 1 mm thickness — green
Pre-history Unaged material

Stabilisation time > 6 months
Conditioning time prior to testing > 24(h

Place and date of 13 May 1998
measurement

Ontario Hydro

Specimen type Tube, with endtab

Specimens prepared\before ageing

Gauge or test length 30 mm
Instrument Instron
Calibration method Dead weight

See calibration report No xxxx

Type of grips Pneumatic
Extensometer None
Testing speed 50 mm~min—*
No. of specimens measured 5
Elongation and strength Elongation at break (%) Strength (MPa)
values Specimen 1 — 312,2
Specimen 2 — 326,8
Specimen 3 — 309,4
Specimen 4 — 329,6
Specimen 5 — 351,1
Mean value 325,8
Standard deviation 16,6
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3: Elongation at break

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 premote 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,'VNEC 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 liaisifng
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 promojte
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
https://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 62582-3 was prepared by subcommittee 45A: Instrumentation and control of nuclear

fa
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cilities, of IEC technical committee 45: Nuclear instrumentation, in cooperation with the
iclear Power Engineering Committee of the Power & Energy Society of the IEEE! under the
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sfabilitysdate indicated on the IEC website under webstore.iec.ch in the data related to tHe

C/IEEE Dual Logo Agreement between IEC and IEEE. It is an International Standard.
his document is published as an IEC/IEEE Dual Logo standard.

his second edition cancels and replaces the first edition published in 2012./This editign
bnstitutes a technical revision.

his edition includes the following technical changes with respect to the previous edition:

Updated best practices relating to condition monitoring using the tensile elongation method.
Updated bibliography, references and context.

he text of this International Standard is based on the following IEC documents:
Draft Report on voting
45A/1524/FDIS 45A/1538/RVD

LIl information on the voting for its approvahkcan be found in the report on voting indicated |n
e above table.

ne language used for the developmeént 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/publications/.

O

list of all parts of-the' 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.

ne committee has decided that the contents of this document will remain unchanged until the

becific’document. At this date, the document will be

1

reconfirmed,
withdrawn, or

revised.

A list of IEEE participants can be found at the following URL: http://standards.ieee.org/downloads/62582-3/62582-
3-2012/62582-3-2012_wg-participants.pdf.
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INTRODUCTION

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

This part of this IEC/IEEE standard specifically focuses on elongation at break methods for
condition monitoring for the management of ageing of electrical equipment installed in nuclear
power plants. The method is primarily suited to samples taken from equipment that are based
on polymeric materials.

This part of IEC/IEEE 62582 is the third part of the IEC/IEEE 62582 series. It contains detailgd
descriptions of condition monitoring based on elongation at break measurements.

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

IEC/IEEE 60780-323 defined term condition-based qualification which is_@n adjunct to type
tgsting. The qualified condition is established by condition indicator(s)-prior to the start of
agcident conditions for which the equipment was demonstrated to meet-the design requirements
fdr the specified service conditions. IEC/IEEE 60780-323 defined condition indicator.

Sjgnificant research has been performed on condition monitering techniques and the use of
tHese techniques in equipment qualification as noted* in NUREG/CR-6704, vol|2
(BNL-NUREG-52610), JNES-SS-0903, 2009 and IAEA-TEEDOC-1825:2017.

—

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

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

Pgrt 3 of IEC/IEEE 62582 is the third level IEC SC 45A document tackling the specific issue pf
application and performance of elongation at break measurements in management of ageing of
electrical instrument and control equipment in nuclear power plants.

Pprt 3 of IEC/IEEE 62582 is\toe be read in association with Part 1 of IEC/IEEE 62582, whigh
pfovides requirements for\application of methods for condition monitoring of electrica
equipment important to 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

tlis/Aimportant 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 (I1&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 IEC 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,
eIectromagnetrc compatibility, human factors engrneerrng, cybersecunty, software and

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

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-leveh-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 dealingwith the safety classification of structures,
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 NSS42-G for computer
se¢curity at nuclear facilities. The safetyand security terminology and definitions used by tHe
S 45A standards are consistent with those used by the IAEA.

oo H

-

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.

35

m

C 61513 and.IE€ 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, IEC 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 1&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 3: Elongation at break

1| Scope

his part of IEC/IEEE 62582 contains methods for condition monitoring of organic and polymerjc
aterials in instrumentation and control systems using tensile elongation techmiques in the
btail necessary to produce accurate and reproducible measurements. This document includgs
e requirements for selection of samples, the measurement system and conditions, and the
gporting of the measurement results.

93 o

—

The different parts of IEC/IEEE 62582 are measurement standards,\(primarily for use in the
management of ageing in initial qualification and after installation. 1EC/IEEE 62582-1 includgs
rgquirements for the application of the other parts of IEC/IEEE 62582 and some elements whigh
are common to all methods. Information on the role of condition“monitoring in qualification pf
equipment important to safety is found in IEC/IEEE 60780-323.

This document is applicable to non-energised equipmefhb.

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:

o| |IEC Electropgdia: 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
elongation
E

tensile strain, expressed as a percentage of the test length, produced in the piece by a tensile
stress

[SOURCE: ISO 37:2017, 3.2]

3.2

elongation at break

Ey

tensile strain in the test length at the breaking point

[SOURCE: ISO 37:2017, 3.5]


http://www.electropedia.org/
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3.3
nominal elongation at break

tensile strain, expressed as a percentage of the specimen length between the grips, produced

in the specimen at the breaking point

3.4
gauge length
Lo

initial distance between the gauge marks on the central part of the test specimen. It is expressed

inmilmetres—{mm)
.............. AR

Note 1 to entry: See figures of the test specimens in the relevant part of ISO 527.

[SOURCE: ISO 527-1:2019, 3.1]

315
tgst speed
rgte of separation of the gripping jaws

Note 1 to entry: It is expressed in millimetres per minute (mm/min).

[SOURCE: ISO 527-1:2019, 3.5]

4| General description

This document provides requirements for the condition monitoring of organic and polymer
materials using tensile elongation techniques whereby a test specimen is extended along i
Igngitudinal axis at constant speed until the\specimen breaks. During the test, the log
syistained on the specimen and its elongation-are measured. For this standard, elongation
break is the measured parameter.

thermoplastics, the strength can remain consistently equal to the yield strength after ageing even when the elongati
hgs decreased to < 50 % absolute.

5| Applicability and reproducibility

The tensile elongationnmethod described in this document is related to the long chain molecul
sfructure of the polymer. As degradation proceeds, changes in the molecular structure occur &
a|result of cross-linking, chain scission, oxidation and other degradation mechanisms. Thes
changes usually. decrease the elongation at break.

The tensile/elongation method described in this document is primarily suited to samples take
from equipment that are based on polymeric materials. The method is generally not suitable f
fibresreinforced polymeric materials or resins such as epoxides.

NPTE Elongation at break rather than tensile“strength is used because for some polymeric materials, particulafly

[s
d
Ot

n

18

pr

The tensile elongation method described in this document cannot be used in the field in the
nuclear power plant but uses samples taken from the plant, which are then measured in the
laboratory. Each tensile elongation measurement in the laboratory can take between 5 min and

10 min to complete.

NOTE Round robin tests using a method close to the current standard have shown a typical laboratory variation
results of measurements of elongation at break on identical specimens of 8 % to 10 %.

in

The mechanical properties of some polymeric materials can be affected by the moisture content.

Most organic and polymeric materials currently used in the containment are not significant

ly

hygroscopic. However, if hygroscopic materials are used, the influence of the moisture content
of the material on elongation at break should need to be considered, particularly after artificial

thermal ageing as a consequence of long-term exposure to high temperature in an oven.
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Degradation of some polymeric materials in radiation environments cannot be correlated to
elongation at break.

6 Measurement procedure

6.1 Stabilisation of the polymeric materials

An appropriate time period shall be allowed for the polymeric materials in recently manufactured
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 dependent
on the processing additives and polymer composition. If manufacturers’ stabilisation time data
are not available, a period of 6 months should be allowed before commencing ageing 4o-allow
infitial values from unaged samples to become stable.

[=2)

2 Sampling
6J2.1 General

Measurements of tensile elongation provide information on the status(efithe equipment only at
tHe specific location which has been sampled. Knowledge of the €nvironmental conditions |n
rgpresentative areas during plant operation is a prerequisite for,s€lecting sample locations for
condition monitoring. It is important that these locations represéent as wide a range of ageirg
conditions as possible with special consideration given to, locations where ageing conditions
could be severe, e.g. hotspots. The location of the samplifig and available information aboyt
tHe environmental time history at the sample location selected shall be documented.

Spmpling procedures shall comply with local Anstructions, taking into account safety of
personnel and equipment. Handling of equipment during removal of samples from the plapt
sIouId be minimised, e.g. cables should nat.be bent more than is necessary to remove the
sample.

Measurements of elongation at break®are formulation dependent and can be sensitive {o
manufacturing variations, such as porosity. Any changes in formulation shall be evaluated.

2.2 Sample requirements

6

When preparing samples(from whole cables that have been aged in the laboratory or in a depoqit,
samples shall be taken‘from sections of the cable at least 100 mm from the ends, unless sugh
ends have been sedled during ageing.

Il order to obtain reasonable confidence, a minimum of 5 test specimens is required for
elongation measurements to be made on one specific sample. However, it is recognised that |n
spme cases, e.g. in samples taken from hot-spots, there can be insufficient material available
fdr thissminimum to be satisfied.

Thevspecimens can be prepared from equipment taken from the sampling location dr
alternatively, be prepared in advance and placed in the sample locations.

Care shall be taken to avoid unsuitable conditions in storage during the time period between
sampling and measurements. It is recommended that samples be stored in the dark at
temperatures not exceeding 25 °C and at humidity conditions within 45 % and 75 %.

6.3 Specimen preparation
6.3.1 General

When elongation tests are being carried out as part of a condition monitoring programme
involving comparative and consecutive measurements, identical specimen preparation methods
and shapes and dimensions of the specimen shall be used.
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The type of specimen used for elongation measurements will depend on the geometry of the
equipment being sampled. Where possible, dumb-bell specimens shall be used. For some
equipment, e.g. the wire insulation in small diameter cables, dumb-bell specimens cannot be
prepared and tubular specimens shall be used as specified in 6.3.3. Moulded O-rings may also
be used as test specimens, where appropriate.

Dumb-bell or tubular specimens, or moulded O-rings are the most common form of specimens
used for condition monitoring. For some equipment alternative specimen geometries may be
necessary.

Specimens prepared from equipment before ageing, for example for use in a sacrificial depaosit
may be used. Care shall be taken that diffusion-limited oxidation is not an issue when using
e-prepared specimens compared with those prepared after ageing.

©

NPTE 1 Preparation of test specimens from aged samples can be difficult, see Annex B for suggested approaches
fof preparing such material.

NPTE 2 Recent studies have shown little significant difference between the oxidation of samples aged as whqle

cdbles and those aged as prepared specimens (see Bibliography JNES-SS-0903), for.small diameter cables in|a
lirhited number of specific materials.

3.2 Dumb-bell specimens

6
Recommendations for the shape and dimensions of dumb-bejl-specimens are given in Annex A.
The test specimens shall be cut from the specimen using &’ suitable die (see Annex D).

Il samples used for condition monitoring, there is ustally only a limited amount of materip
ayailable. For this reason, smaller specimens than-are usually used for tensile measurements
mlay be necessary.

6J3.3 Tubular specimens

Tpbular specimens are used for equipment such as cable insulation where the core diameter |s
tqo small to enable dumb-bell spegcimens to be cut. Tubular specimens are prepared Qy
rgmoving the conductor from lengthsof the insulation material. The overall length of the strippgd
insulation shall be a minimum oft50 mm.

are shall be taken to ,avoid damage to the polymeric insulation when stripping out the
pnductor. See Annex B for suggested methods of preparing specimens.

Q0

With this type of specimen, end tabs or soft inserts are needed to prevent breakage in the grips
the tensile testing machine, as detailed in Annex A.

o

3.4 O=ring specimens

=

mehsions are used for both unaged and aged samples for condition monitoring. O-rifg

1 o o | £ | H 4
MPIcS Tiiay DT IaRTIT TTUTTT ayTUu TYUTPTITTTTL.

6
Moulded O-rings may be used as the test specimens. It is essential that the same specimsg
d
S

6.4 Instrumentation
6.4.1 Tensile test machine

The instrument used for tensile elongation measurements shall be capable of measuring the
load exerted on the specimen and the separation between the specimen grips during continuous
stretching of the specimen at a constant rate. The test machine shall be capable of testing
speeds between 10 mm/min and 100 mm/min with a tolerance of £ 10 %.
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Specimen grips shall be attached to the test machine so that the axis of the specimen coincides
with the direction of pull through the centre line of the grip assembly. The test specimen shall
be held such that slip relative to the grips is prevented. Pneumatic grips are preferred to
mechanical grips. The clamping system shall not cause undue stress on the specimen resulting
in potential premature fracture at the grips.

For the testing of O-ring specimens, the test machine shall have two pulleys or rounded pins
attached, one to the fixed part and one to the moving cross-head. These pulleys or pins shall
be aligned along the direction of pull and shall have a diameter no greater than one third of the
O-ring’s initial internal diameter and not less than 3 times the cord diameter

The load indicator shall be capable of showing the tensile load carried by the specimen.ard
ndicate the load value with an accuracy of at least 1 % of the actual value.

4.2 Calibration

5 traceable to a national measurement standard with a certificate of calibration of measurirlg
hd testing equipment, for the load and elongation range appropriatefor,the specimens beirlg
tgsted.

6
The instrument shall be calibrated according to the manufacturer’s recommendations as well
a
a

6/4.3 Use of extensometers

Measurement of the grip separation or crosshead travel from a tensile test machine calibratgd
td manufacturers’ specifications shall provide the specimen elongation during the tensile test

Aph extensometer may be used as an alternative-method of measuring elongation. If used, |it
sIaII be of the non-contacting type. Non-contacting video extensometers are available whigh
can be used to measure specimen elongations to'high levels of accuracy. If such extensometefs
are used, a pair of marks shall be made on“the surface of the specimen within the straight
s¢ction of the specimen. The distance between these marks shall be equal to the gauge length
fdr dumb-bell specimens and be 20 mm, for tubular specimens.

The same method for measuring.elongation of the specimen shall be used for both aged ard
haged samples.

c

5 Tensile elongation measurement method
5.1 Conditioning

6

6

Specimens shall_be conditioned at a laboratory temperature of (25 +5) °C and a relatiye
humidity of 456-%to 75 % for at least 3 h prior to testing.

6]5.2 Dimensions of test specimens

Ifténsile strength is to be measured as subsidiary information from the tensile test, then the

d H £ Ll 4 4 H oo ll Lo oot H ol £all
ITITTISTUTTS UT T ITOoU SPYTUITITIT STiall UT UTILTTTTITITU do5 TUITUWS.

For dumb-bell specimens the width and thickness shall be measured in the gauge length section
of the specimen. Dimensions shall be measured to the nearest 0,1 mm using a suitable
instrument such as a vernier calliper or dial gauge.

For tubular specimens, the diameter and thickness shall be measured. Optical measurement of
the thickness at a number of radial locations around the specimen shall be made. If practical,
6 locations are recommended. Where the thickness is variable, e.g. where insulation overlays
a stranded conductor, a best estimate shall be made of the cross-sectional area.
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For O-ring specimens, the internal diameter and radial thickness shall be measured. The
internal diameter shall be measured using a calibrated cone gauge or other suitable measuring
equipment.

6.

5.3 Clamping

For dumb-bell and tubular test specimens, the specimen shall be placed in the test grips,
ensuring that the longitudinal axis of the specimen is aligned with the axis of the testing machine.
The grips shall be tightened evenly and firmly to avoid slippage of the test specimen. Grip
separation shall be such that only the wide sections of dumb-bell specimens are in contact with

[V

T
rg

the grips. For tubutar specimens, the grip separation shattbe 30 mm. |

br O-ring samples, the specimen shall be placed over the pulleys or pins attached to the-fixgdd
nd moving cross-head of the test machine, ensuring that the specimen is not twisted>

The recommended testing speeds are shown in Table 1. The same test spéed’shall be used for

5.4 Testing speed

| tests on the same material.

Table 1 — Testing speeds for elongation measuréments

Specimen type Testing speed
mm/min
Dumb-bell specimens — types 1, 1A and 2 20
Dumb-bell specimens — type 3 10
Tubular specimens 50
O-ring specimens 50

ne types refer to Annex A, Table A1

nese testing speeds are much)slower than normally used for tensile testing of polymerjc
pecimens for QA purposes-but are recommended because slower test speeds tend to gie
ore reproducible results.-Also, the measurements may not necessarily be directly comparable
th tests made at higher.speeds. For this reason, elongation at break values derived from tests
prformed with highernspeeds may not be appropriate as reference values for ageing monitorirlg.
condition monitering tests, the amount of material available for testing is very limited and
ere is often nosscepe for the preparation of additional specimens.

5.5 Recording data

ne load-exerted on the specimen and the corresponding distance between the grips shall Qe
corded during the test, preferably using an automated recording system which can display

U7

th

e‘load-elongation curve during the test. The test shall be continued until the specimen break

Examples of typical load-elongation curves are shown in Annex C.

6.5.6 Calculation of results

For dumb-bell and tubular specimens, the elongation at break is calculated from

g(%)=100x% (1)

0
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where
£ is the elongation at break (expressed as a percentage),
Eq is the initial distance between the specimen grips, and

Ey is the distance between grips at break.

If a non-contacting extensometer has been used during the test, the parameters E; and E,

represent the initial distance between the marks on the specimen and the distance between the
marks at break, respectively.

Fpr O-ring specimens, the elongation at break is given by

g(%):moXM

where
L is the distance between the pulley centres at break,
C

is the initial internal circumference of the ring and d is the diameter of the pulleys.

NPTE 1 The calculation of elongation assumes negligible friction between the test rig pulleys or pins and the Q-
ring material.

The arithmetic mean and standard deviation of the test results shall be calculated. Data from
any specimens which broke in the grips or slipped from the grips shall not be included in the
calculation of the mean. Any such data shallcbeYeported separately.

NDTE 2 The tensile strength of the test specimens can also be extracted from the test as subsidiary data. The
tepsile strength is calculated on the basis of the\cross-sectional area of the specimen in the gauge length:

F
o=— B
p, ®
here

is the tensile strength, expressed in MPa;

is the measured load at break, measured in Newtons;

N woq =

is the initidleross-sectional area of the specimen, expressed in mm?2.

The cross-sectional area for tubular specimens is given by:

A=nx(D-0)xd )

where
D is the mean value of the outer diameter, and

0 is the mean value of the thickness (see 6.5.2).
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6.

6 Measurement report

The measurement report shall include the following items.

a) ldentification of the equipment sampled. This shall include:

® QO O

—h
=

o details of the material being sampled, e.g. the generic polymer type, specific formulation

numbers,
e where the sample was taken from,

o for samples taken in plant, location within the plant.

Pre-history of the equipment sampled. This shall include:

e time in service, or ageing time for laboratory aged samples,

e the environmental conditions to which it has been exposed, e.g. temperaturg) radiatio
e stabilisation time for unaged samples, 6.1.

Place and date of the measurements.

Number of specimens measured (6.2.2).

Details of specimen preparation (6.3, Annex A and Annex B).

Specimen type — dumb-bell/tube/ring and type of end tablinsert used, dimensions
specimen; indicate whether specimens prepared before or after ageing (6.3 and 6.5.2).

Instrument used and software version used for analysis-(6.4.1).

Calibration procedure (6.4.2).

Extensometer type used, if any (6.4.3).

Type of grips used to clamp specimens or pulley/diameter for O-ring specimens (6.5.3).
Test speed used (6.5.4).

Whether elongation calculated from gauge length, using an extensometer, or nomin
elongation (6.5.6).

~

Individual elongation values (in %Y, mean values, and standard deviation; indicate in
comments column any values excluded from calculation of the mean because of failure
the grips or slippage. If strength values (in MPa) have also been calculated, these shou
be included as subsidiary. data.

hnex E provides an example of a measurement report from tensile elongation measurement

Examples of typical load\versus elongation plots. Any atypical plots shall also be included.

=

Df

A

=
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Annex A
(informative)

Shape and dimensions of test specimens

A.1 Preparation of dumb-bell specimens

The recommended shape for dumb-bell test specimens is shown in Figure A.1 with dimensions
a$ specified in Table A.1.

w)

umb-bell specimens can be used with dimensions different from those given in Table AT, e.g.
bnforming to National Standards. However, it is important for reproducibility that, the samne
mensions are used for both baseline measurements and samples taken from aged“material

Q0

The test specimens shall be cut from the equipment sample (e.g., a section) 6f cable) using|a
slyiitable die, such as described in Annex D.

Specimens should not be prepared from slab samples, since these are not necessarily
rgpresentative of the material. Slab samples are usually considerably thicker than the materigl
used in equipment such as cables. This can raise issues of\diffusion-limited oxidation ar|d
differences in orientation of the molecular structure if slab samples are used.

A
Y

IEC

Key

~

is the gauge length

Figure ,A:1 — Shape of dumb-bell specimens

Table A.1 —.Recommended dimensions for dumb-bell specimens

Dimension Type 1 Type 1A Type 2 Type 3
mm

Overall length — minimum 115 100 75 50
Width of ends 25+ 1 25+ 1 12,5+ 1 8,5+0,5
Length of narrow portion 33+2 22 +1 25+ 1 16 £ 1
Width of narrow portion 6+0,2 5+0,1 4+0,1 4+0,1
Gauge length 25+ 1 2005 2005 10+ 05
NOTE Type 1 is equivalent to ASTM D-412-C.

A.2 Tubular specimens

Tubular specimens are used for equipment such as cable insulation where the core diameter is
too small to enable dumb-bell specimens to be cut. Tubular specimens are prepared by
removing the conductor from lengths of the insulation material. The overall length of the stripped

insulation shall be a minimum of 50 mm.
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Care shall be taken to avoid damage to the polymeric insulation when stripping out the
conductor. See Annex B for suggested methods of preparing specimens.

With this type of specimen, end tabs or soft inserts are needed to prevent breakage in the grips
of the tensile testing machine. For tubular specimens with outside diameters of < 4 mm, end
tabs shall be fitted as in Figure A.2. For larger diameter tubular specimens, soft inserts shall be
used as in Figure A.3.

The end tabs and/or inserts shall consist of polymeric material of similar modulus to the material

st The cseeldaine il bnbe el _ ol b el s n

tHe specimen at the clamping position. This emulates the use of dumb-bell specimens, where

Tp prepare tubular specimens for testing, cut the specimen to a length of 50 mm=For tubular
specimens < 4 mm in diameter, cut two end tabs 8 mm in length and slide them' oyver the ends
of the specimen, leaving 2 mm of the specimen protruding above the end’tab. For larger
dlameter tubular specimens, cut two inserts 10 mm in length and insert into the ends of the
tybular specimen. Place the specimen in the test machine and tighten the@rips leaving a central
gauge length of 30 mm.

Dimensions in millimetrgs

Specimen length Endtabs
Y
A i
End tab ——» ©
Y
A
=
2
o
3 8o
=
]
O]
Y
A
[oe]
V u v
< IEC

Figure A.2 - Fitting end tabs to tubular specimens
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Dimensions in millimetres

Specimen length Inserts
A A
o
Soft insert ~
A
A
£
[=]
o o E)
w0 ™ g
3
V]
\
A
e
A Y
IEC

Figure A.3 — Fitting soft inserts to tubular'specimens

A.3 O-ring specimens

-rings shall be tested as complete rings, mounted'in the test machine as shown in Figure A.
the O-ring internal diameter is too small to use.the pulley fittings for mounting, the O-ring cg
b cut and the ends gripped using standard grips.

i

I=

o =0
=}

Pulley or pin on
moving cross-head

O-ring

Pulley or pin on
fixed cross-head
IEC

Figure A.4 — Mounting of O-ring specimens in the test machine
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Annex B
(informative)

Preparation of test specimens from cable samples

B.1 General

The preparation of suitable specimens for elongation at break determination can be difficult and

Idvel of ageing in the cable. For cables which have been aged in reactor environments (cab
se¢ctions removed during repairs at outages or where a sacrificial deposit methodology has-bee
aflopted), cable lengths are likely to be short and the amounts of material available.for testin
liited. It is therefore important to be able to produce specimens for testing in~an efficie
mlanner.

t%e level of difficulty i1s usually dependent on a combination of the cable construction and th

B.2 Preparation of specimens from large diameter cables

stematically remove any armour or bedding components to réeveal the conductors from whig
He insulation can also be removed using the knife. Dumb-bélhtensile test specimens can thg
bé cut from the cable materials using a die as required in Clause A.1. In many cases, specimer
wjll be cut from sections of material which are tubular and require flattening before cutting wi
tHe die. For an aged cable material, it can be appropriateto cut the materials into small section
tq avoid excessive stresses that can occur during.flattening of tubular sections.

F
suyfficient to strip the cable down by first removing the jackét with a sharp knife an
S
t

Il many cases, the samples from which the specimens are to be cut are of uneven thicknes
The sample can be trimmed to a uniform thickness using a cutting machine such as that show
i IEC 60811-501, which uses a pair ofstollers to feed the sample against a highly sharpeng
blade. Alternatively, a power-driveni\buffing machine can be used to remove surfaq
irfegularities. Such a machine should’have a peripheral speed of 15 m:s to 25 m:s and utilise
light pressure and slow feed so that very little material is removed at one cut.

flspecimens are prepared- ffom split or buffed material, the specimens should be allowed
rglax at standard laboratory-temperature for at least 24 h before testing.

B.3 Preparation of specimens from small diameter cables

S

cable constructions that use small diameter conductors, e.g., most instrumentation arn
bntrol cables, it is unlikely that specimens will be able to be cut using a standard die ar
bular.specimens should be prepared. In this case it is suggested that, when the cable h3g
ben stripped down, the conductors are cut to lengths of about 70 mm and approximately 10 m
th€sinsulation is removed to expose the conductor strands.

OT =0

br cable constructions with large diameter conductors, e.g., power cables, it is usuall

e
e
n

g
Nt

(0]

S n aaQ

To remove the conductor from the insulation material, one of the following methods should be
used. It is important to minimise the stresses exerted on the polymeric material during sample
preparation. Accordingly, methods a) and b) shown below are the preferred techniques.

Methods c), d) and e) should only be used if the other methods are unsuccessful.

a) One of the centre strands of the conductor is identified and removed by gently pulling with
pliers with one hand whilst holding the insulation with another. When one strand has been
removed, it can be possible to remove the remainder in a similar manner. In the case of
aged cables, care shall be exercised when removing the final strands as the metal conductor

can have bonded to the insulation and the process should be carried out slowly to avo

id

damage to the insulation sample. When the process is complete, the specimen size shall

then be trimmed to 50 mm in length, see 6.3.3.
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b) In the case of cores with single conductors, it is considered more appropriate to use spring

loaded cable strippers and start at one end of the insulation sample then carefully remove
the insulation using repeated slow movements of the cable stripper.

c) The removal of insulation on wires with solid conductors can also be facilitated by gently

stretching the conductor. The minimum elongation necessary to loosen the insulation from
the conductor should be used.

d) Another practice used to remove cable insulations from conductors is to roll the core by

hand on a smooth surface to loosen the conductors and then remove them. Whilst this
method will allow the insulation samples to be removed, it is likely that the process of rolling

(8

m
W

tq
I3

a

will Tmpart stress onto the insulation which can affect the results of the tensile test. whan
cables are aged, the rolling process might even introduce defects which will result ifnlow
values of elongation at break.

Where the insulations have bonded to the conductors and removal is difficult, thecapplicatia
of heat to gently warm up the samples before using a cable stripper has been\successful
used. This should only be used when all other methods have failed. The application of he
should be for as short a period as possible and the temperature shouldynot exceed 50°(
Under no circumstance shall excessive heat be applied to free the insulation. In addition tH
use of solvents to soften the insulation shall not be used becausersolvent can swell, an
plasticise the insulation material. In addition, the presence of solvents can cause prematu
failure during tensile testing due to environmental stress corrosian.

DD+ A< D

Uy
—

| tubular specimens should be allowed to relax at standard laboratory temperature for at lea
L h after preparation before testing is carried out.

.4 Preparation of test specimens from bonded material

)

bme cable manufacturers use bonded materials<in the construction of their cables, e.g., EP|
thylene propylene rubber) insulation bonded to a CSPE (chlorosulphonated polyethylen
yer. Where this bonded material is large enough for dumb-bell specimens to be prepared, th
aterial can be split or buffed (as in Clause B.2) to remove one of the layers. In this way, th
o components of the bonded layer can be tested separately.

A1
~

@ @

br smaller cables, where tubular Specimens have to be prepared, it is not generally possible
separate the bonded layers:\In this case the elongation measurements are made on both
yers. This can introduce additional variability into the test results, since the two materials cgn
bve different elongation™values or have degraded at different rates. Where one layer breaks
a lower elongation thanthe other, this should be noted in the comments section of the repoft.
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Annex C
(informative)

Typical load versus elongation curves

Typical load-elongation curves are shown in Figure C.1. The examples shown are for materials
that are brittle — curve a); tough, with a yield point — curves b) and c); tough, without a yield
point — curve d). For each of these types of curve, the values of elongation E,, and load F at

break that are used in ralmllating plnnga’rinn at break and tensile Q’rrpng’rh are indicated
Fy a) b)
Fp
S8
- E, Ep
©
o
-
c) d)
Fp /\
Fp
Ep Ep
Elongation E IEC
Figure C.1 — Typical load-elongation curves
Iffthe specimen slips in the grips during a tensile test, this will show up clearly in a load versys
tilne plot, as shown in Figure C.2. If this occurs, the elongation value should be reportgd
s¢parately, but'not included in the calculation of the mean value.
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Specimen slipping in grips

Load F

’p
Time ¢ 1EC

Figure C.2 — Typical load-time curve with a slipping,specimen
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Annex D
(normative)

Dies for cutting dumb-bell specimens

Cutters used for the preparation of dumb-bell specimens shall have the form shown in
Figure D.1, with dimensions corresponding to those given in Table A.1.

Dimensions in millimetres

X
A 1

b —-
X /w

0,4

Angle 4 shall be 30° to 50° B
Angle B shall be 18° to 20°

Surface 1 shall be ground smooth
Surface 2 shall be ground

IEC

Figure D.1 — Suitable cuttersifor dumb-bell specimens
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Annex E
(informative)

Example of a measurement report from tensile elongation measurements

This example is from the round-robin test programme carried out as part of an IAEA coordinated
research programme on cable ageing (see IAEA-TECDOC-1188).

Sample ID 1129 cable insulation, taken from 4-core AIW cable, D14
Material Bonded EPR + CSPE insulation, 1 mm thickness — green
Pre-history Unaged material

Stabilisation time > 6 months

Conditioning time prior to testing > 24(h

Place and date of 13 May 1998

measurement
Ontario Hydro

Specimen type Tube, with endtab

Specimens prepared\before ageing

Gauge or test length 30 mm
Instrument Instron
Calibration method Dead weight

See calibration report No xxxx

Type of grips Pneumatic
Extensometer None
Testing speed 50 mm/min
No. of specimens measured 5
Elongation and strength Elongation at break (%) Strength (MPa)
values Specimen 1 — 312,2
Specimen 2 — 326,8
Specimen 3 — 309,4
Specimen 4 — 329,6
Specimen 5 — 351,1
Mean value 325,8
Standard deviation 16,6
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compos¢e
de l'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 normalisatioh.'dans les domaines (e
I'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie (des’Normes internationales
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et des
Guides (ci-aprés dénommeés "document (s) de I'lEC"). Leur élaboration est confiée a des comités d'études, alix
travaux desquels tout Comité national intéressé par le sujet traité peut” participer. Les organisations
internationales, gouvernementales et non gouvernementales, en liaison _avec I'lEC, participent également apx
travaux.

Les normes de I'lEEE sont élaborées par les Sociétés de I'lEEE, aifsi que par les Comités de coordination dgs
normes du Conseil de normalisation de [I'lEEE Standards¢ Association (IEEE-SA). Ces normes sont
I'aboutissement d'un consensus, approuvé par I'"American National‘Standards Institute (ANSI), qui rassemble des
bénévoles représentant différents points de vue et intéréts. Les participants bénévoles ne sont pas
nécessairement membres de I'lEEE et leur intervention n'est pas rétribuée. Si I'lEEE administre le déroulement
de cette procédure et définit les regles destinées a favorisér I'équité du consensus, I'lEEE lui-méme n'évallie
pas, ne teste pas et ne vérifie pas I'exactitude de toute information contenue dans ses normes. L'utilisation ¢le
normes de I'lEEE est entiérement volontaire. Les documents de I'lEEE sont disponibles a des fins d'utilisation,| a
condition  d'étre  assortis d'avis importants et de clauses de non-responsabilité  (voir
http://standards.ieee.org/IPR/disclaimers.html.podr plus d'informations).

L'IEC travaille en étroite collaboration avec F'IEEE, selon des conditions fixées par accord entre les defix
organisations. Cette Norme internationalesdouble logo a été élaborée conjointement par I'lEC et I'|EEE en vertu
de cet accord.

Les décisions officielles de I'lEC concernant 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 sont
représentés dans chaque comité d'études. Une fois le consensus établi entre les Sociétés de I'lEEE et lgs
Comités de coordination des“normes, les décisions officielles de I'lEEE 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'lEEE Standards Association (IEEE SA).

Les PublicationstEC/IEEE se présentent sous la forme de recommandations internationales et sont agréées
comme telles parles Comités nationaux de I'lEC/Sociétés de I'|EEE. Tous les efforts raisonnables sont entrepiis
afin de s'assurer de I'exactitude du contenu technique des Publications IEC/IEEE; I'lEC ou I'|EEE ne peuvent pgs
étre tenus(responsables de I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconqlie
utilisateur final.

Dans ‘le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute [la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC (y compris les Publications
IECTIEEE) dans leurs publications nationales et régionales. Toutes divergences entre toutgs

termes clairs dans ces derniéres.

L'IEC et I'lEEE eux-mémes ne fournissent aucune attestation de conformité. Des organismes de certification
indépendants fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux
marques de conformité de I'lEC. L'IEC et I'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 I'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'lEC ou de I'lEEE, ou au crédit qui lui est accordé.


https://standards.ieee.org/ipr/disclaimers.html
https://iecnorm.com/api/?name=1d6b05d85bdd5f8b665c8de60ca96ce0

IEC/IEEE 62582-3:2024 © IEC/IEEE 2024 - 29 -

8)

9)

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.

L'attention est attirée sur 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'lEC ni I'lEEE 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 caractere
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 entierement
de leur seule responsabilité.

-
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IEC/IEEE 62582-3 a été établie par le sous-comité 45A: Systémes d'instrumentation;~qde
bntrole-commande et d'alimentation électrique des installations nucléaires, du<{ecomifé
études 45 de I'EC: Instrumentation nucléaire, en coopération avec le "Nuclear Power
hgineering Committee" de I''EEE' Power and Energy Society, selon l'agcord double
go IEC/IEEE passé entre I'lEC et '|[EEE. Il s’agit d’'une Norme internationale.

p présent document est une norme double logo IEC/IEEE.

ette deuxieme édition annule et remplace la premiere édition parue’en 2012. Cette éditign
bnstitue une révision technique.

ette édition inclut les modifications techniques suivantes parrapport a I'édition précédente:

mise a jour des meilleures pratiques relatives a la%surveillance de I'état par la méthoqe
d'allongement en traction;

mise a jour de la bibliographie, des référencesfet du contexte.

b texte de cette Norme internationale est issu’des documents suivants de I'lEC:

Projet Rapport de vote
45A/1524/FDIS 45A/1538/RVD

b rapport de vote indiqué dansle tableau ci-dessus donne toute information sur le vote ayapt
bouti a son approbation.

b langue employée pourt'élaboration de cette Norme internationale est I'anglais.

e document a été_rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon lgs
rectives ISO/IE€, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles sous
ww.iec.ch/members_experts/refdocs. Les principaux types de documents développés par
EC sont-décrits plus en détail sous www.iec.ch/publications.

g[;e liste de toutes les parties de la série IEC/IEEE 62582, publiées sous le titre général

ntrales nucléaires — Instrumentation et contrble-commande importants pour la sireté |-

Méthodes de surveillance de I'état des matériels électriques, se trouve sur le site web de I'lEC.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité

in

diquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document

recherché. A cette date, le document sera

1

reconduit,
supprimeé, ou
révise.

Une liste des participants IEEE est disponible a I'adresse: http://standards.ieee.org/downloads/62582-3/62582-
3-2012/62582-3-2012_wg-participants.pdf.
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INTRODUCTION

a) Contexte technique, questions principales et structure de la norme

La présente partie de la norme IEC/IEEE traite en particulier des méthodes de mesurage de
I'allongement a la rupture, utilisées pour la surveillance de I'état dans le cadre de la gestion du
vieillissement des matériels électriques installés dans les centrales nucléaires. La méthode
convient plus particulierement aux échantillons prélevés sur des matériels réalisés a partir de

matériaux polymeres.

-

h présente partie de I'lEC/IEEE 62582 est la troisieme partie de la série IEC/IEEE 62582. El
bntient des descriptions complétes de la surveillance de I'état, qui repose sur des mesurags
b |'allongement a la rupture.

QO

La série IEC/IEEE 62582 est publiée en double logo, ce qui la rend applicable, pour la gestiq
du vieillissement des matériels électriques qualifiés tant dans le cadre des\normes IEEE qU
dans celui des normes IEC.

LIEC/IEEE 60780-323 définit le terme "qualification par survejllance d'état" qui est U
complément aux essais de type. L'état qualifié est établi par un a0 plusieurs indicateurs d'ét
avant le début des conditions accidentelles pour lesquelleside” matériel a été évalué ¢
satisfaisant aux exigences de conception dans le cadre des~conditions de service spécifiée
LYEC/IEEE 60780-323 définit le terme "indicateur d'état".

Des recherches importantes ont été réalisées sur les techniques de surveillance d'état et s
I'Gitilisation de ces techniques dans le cadre de lacqualification des matériels, comme cela e
indiqué dans les documents NUREG/ICR-6704, Vol. 2 (BNL-NUREG-52610
JNES-SS-0903:2009 et IAEA-TECDOC-1825:2017.

La présente norme IEC/IEEE est destinge a étre utilisée par les laboratoires d'essai, l¢g
exploitants de centrales nucléaires, les\évaluateurs de systémes et les concédants de licenc

b) Positionnement de la présente norme dans la structure de la collection de normes d
SC 45A de I'l[EC

—

h Partie 3 de I'lEC/IEEE 62582 est le document de troisieme niveau du SC 45A de I'lEC q
trpite de la question, particuliere de I'application et des performances des mesurages d
I'allongement a la rupture dans le cadre de la gestion du vieillissement des matériels électriqug
b mesure et des-équipements de contréle-commande dans les centrales nucléaires.

Q.

La Partie3)>de [I'IEC/IEEE 62582 doit étre Ilue conjointement avec la Partie1 (
I'[EC/IEEE 2582 qui fournit les exigences pour I'application des méthodes de surveillance ¢
I'¢tat de&s“matériels électriques importants pour la slreté utilisés dans les centrales nucléaire

oo

Pbhur plnc dlinformations sur la structure de la collection de normes du SC 45A de '|EC _vair

e

point d) de la présente introduction.

¢) Recommandations et limites relatives a I'application de la présente norme

Il est important de noter que le présent document n'établit pas d'exigences fonctionnelles

supplémentaires pour les systémes de slreté.
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d) Description de la structure de la collection des normes du SC 45A de I'lEC et relations
avec d'autres documents de I'lEC, et avec les documents d'autres organisations
(AIEA, I1SO)

La collection de normes établies par le SC 45A de I'l[EC est structurée en quatre niveaux. Les
documents de niveau supérieur dans la collection des normes établies par le SC 45A de I'lEC
sont I'lEC 61513 et I'lEC 63046.

L'IEC 61513 établit les exigences générales relatives aux systémes et équipements
dirstrumentation—et—de—contrble-commande—{systemes—d4&EC—utilisés—pour—reéaliser—das
fgnctions importantes pour la s(reté des centrales nucléaires. L'IEC 63046 établit les exigencegs
générales relatives aux systémes d'alimentation électrique des centrales nucléaires; elle-couvie

lds systémes d'alimentation électrique y compris les alimentations des systeémes d'lI&C.

LIEC 61513 et I'lEC 63046 doivent étre prises en compte ensemble et au méme nivea
LIEC 61513 et I'lEC 63046 structurent la collection de normes du SC 45A de I'IlEC
c
d

W

pnstituent un cadre complet qui établit les exigences générales relatives aux systémsg
instrumentation, de contréle-commande et d'alimentation électrique des-centrales nucléaire

(7]

172}

LIIEC 61513 et I'lEC 63046 font directement référence a d'autres,normes du SC 45A de I'lEC
guant aux exigences générales relatives a des sujets spécifiquesy tels que la catégorisatign
des fonctions et le classement des systémes, la qualification)la’séparation des systémes, |a
defense contre les défaillances de cause commune, la congeption des salles de commande, |a
compatibilité électromagnétique, l'ingénierie des facteurs” humains, la cybersécurité, lgs
aspects logiciels et matériels relatifs aux systémes numgriques programmables, la coordinatign
des exigences de sdreté et de sécurité, et la gestion du vieillissement. Il convient de considérg
qlie ces normes, auxquelles il est fait directement reférence a ce deuxiéme niveau, forment,
ayec I'lEC 61513 et I'lEC 63046, un ensemble do€umentaire cohérent.

Al troisiéme niveau, les normes du SC 45A de I'lEC, qui ne sont pas citées en référend
directement par I'lEC 61513 ou I'lEC 63046, traitent d'exigences particuliéres relatives a de
matériels particuliers, des méthodes techniques ou des activités spécifiques. Généralemen
ce¢s documents, qui font référence.'aux documents de deuxiéme niveau pour les exigencs
geénérales, peuvent étre utilisés defagon isolée.

[ R I ¢)

Uh quatriéme niveau qui.eSt'une extension de la collection de normes du SC 45 de I'lEC
correspond aux rapports(techniques qui ne sont pas des documents normatifs.

1%

Les normes de la eollection du SC 45A de I'lEC mettent en ceuvre de maniére systématique et
déecrivent les principes de slreté et de sécurité et les aspects fondamentaux donnés dans Igs
nprmes de sreté de I'AIEA pertinentes pour les centrales nucléaires, ainsi que dans lgs
dpcuments pertinents de la collection de I'AIEA pour la sécurité nucléaire (NSS). Cela concerrle
en particdlier le document d'exigences SSR-2/1 qui établit les exigences de slreté relatives|a
Iq conception des centrales nucléaires, le guide de slreté SSG-30 qui traite du classement de
slireté_Jdes structures, systemes et composants des centrales nucléaires, le guide de
sxreté SSG-39 qui traite de la conception des systémes d'instrumentation et de contréle-
commande des centrales nucléaires, le guide de sareté SSG-34 qui traite de la conception des
systémes d'alimentation électrique des centrales nucléaires, le guide de slreté SSG-51 qui
traite de l'ingénierie des facteurs humains lors de la conception des centrales nucléaires et le
guide de mise en ceuvre NSS42-G qui traite de la sécurité informatique pour les installations
nucléaires. La terminologie et les définitions utilisées pour la sireté et la sécurité dans les
normes établies par le SC 45A sont conformes a celles utilisées par I'AIEA.

L'IlEC 61513 et I'lEC 63046 ont adopté une présentation similaire a celle de la publication
fondamentale de sécurité IEC 61508, avec un cycle de vie d'ensemble et un cycle de vie des
systémes. En ce qui concerne la s(reté nucléaire, I'lEC 61513 et I''EC 63046 donnent
I'interprétation des exigences générales des parties 1, 2 et 4 de I'lEC 61508 pour le secteur
nucléaire. Dans ce cadre, I'IEC 60880, I'IlEC 62138 et I'lEC 62566 correspondent a
I'lEC 61508-3 pour le secteur nucléaire.
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L'IEC 61513 et I'|EC 63046 font référence a I''SO 9001, ainsi qu'aux documents AIEA GSR
partie 2, AIEA GS-G-3.1 et AIEA GS-G-3.5 pour les aspects qui concernent I'assurance qualité
(QA).

Au deuxieme niveau, en ce qui concerne la sOreté nucléaire, I'lEC 62645 est le document
chapeau des normes de sécurité du SC 45A de I'lEC. Elle se fonde sur les principes pertinents
de haut niveau et sur les concepts principaux des normes génériques de sécurité, en particulier
I"'SO/IEC 27001 et I'lSO/IEC 27002; elle les adapte et les compléte pour les rendre pertinents
pour le secteur nucléaire; elle est en coordination étroite avec la série de normes |IEC 62443.

A

deuxiéme niveau, |'|EC 60964 est le document chapeau des normes du SC 45A de I'lE

C

S50 Q0

N
cq
(o[
ddg

N
cd
ay

bplicables aux salles de commande, I'lEC 63351 est le document chapeau des normg
bplicables a l'ingénierie des facteurs humains et I'lEC 62342 est le document chapeau dq
brmes applicables a la gestion du vieillissement.

DTE 1 On considére que pour la conception des systémes d'l&C qui mettent en ceuvre des fonctions de sdre
nventionnelle dans les centrales nucléaires (par exemple, pour assurer la sécurité des travailleurs, la protecti
s biens, la prévention contre les risques chimiques, la prévention contre les risques liés au_procédé énergétique
s normes nationales ou internationales sont appliquées.

DTE 2 Le Rapport technique IEC TR 64000 donne une description plus compléte_de fa structure globale de
llection de normes du SC 45A de I'lEC, ainsi que ses relations avec les autres organismes de normalisation et |
tres normes.

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

Partie 3: Allongement a la rupture

1| Domaine d’application

La présente partie de I'lEC/IEEE 62582 fournit des méthodes de surveillance d'€tat pour lgs
matériaux organiques et polyméres des systémes d'instrumentation et de contréleccommande.
Cles méthodes reposent sur des techniques d'allongement en traction et sont suffisammenpt
detaillées pour obtenir des mesures exactes et reproductibles. Le présent@document comprer|d
des exigences concernant le choix des échantillons, le systéeme et les conditions de mesurage,
alnsi que I'établissement du rapport des résultats des mesures.

Les différentes parties de I'lEC/IEEE 62582 sont des normes de mesurage, qui sopt
pfincipalement destinées a étre utilisées pour la gestion du vieillissement dans le cadre de |a
gyalification initiale et aprés installation. L’'IEC/IEEE 62582<1fournit des exigences concernapnt
I'application des autres parties de I'lEC/IEEE 62582 ‘et certains éléments communs |a
I'éensemble des méthodes. L'IEC/IEEE 60780-323 fournif'des informations concernant le rdle de
Ig surveillance de I'état dans la qualification des matériels importants pour la sGreté.

Le présent document s'applique aux matériels:qui ne sont pas sous tension.

2| Références normatives

Le présent document ne contient aucune référence normative.

3| Termes et définitions

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

—

ISO, I'lEC et I'IEEE tiennent a jour des bases de données terminologiques destinées a étre
ilisées en naormalisation, consultables aux adresses suivantes:

c

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

¢| 1S0O;0Online browsing platform: disponible a I'adresse http://www.iso.org/obp

¢ | VEEE Standards Dictionary Online: disponible a I'adresse htip://dictionary.ieee.org

3.1

allongement

E

déformation en traction, exprimée en pourcentage de la longueur d'essai, résultant d'une
contrainte de traction exercée sur I'éprouvette

[SOURCE: ISO 37:2017, 3.2]

3.2

allongement a la rupture

Eyp

allongement de la longueur de la base de mesure au moment de la rupture


http://www.electropedia.org/
http://www.iso.org/obp
http://dictionary.ieee.org/
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[SOURCE: ISO 37:2017, 3.5]

3.
al

3
longement nominal a la rupture

4

allongement, exprimé en pourcentage de la longueur de I'éprouvette entre les mors de serrage,
obtenu au moment de la rupture

3.
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I'éprouvette. Durant l'essai, la forceappliquée sur I'éprouvette et son allongement so

stance initiale entre les repéres sur la partie centrale de I'éprouvette. Elle est exprimée-e
illimétres (mm)

bte 1 a l'article: Voir les figures des éprouvettes dans la partie applicable de I'ISO 527.

OURCE: ISO 527-1:2019, 3.1]

5
tesse d'essai
tesse de séparation des machoires de serrage

bte 1 a l'article: Elle est exprimée en millimetres par minute (mm/min).

OURCE: ISO 527-1:2019, 3.5]

Description générale

b présent document fournit des exigences\pour la surveillance de I'état des matériay
ganiques et polyméres a l'aide de technigues d'allongement en traction par lesquelles un
brouvette est étirée suivant son axe longitudinal a une vitesse constante jusqu'a la rupture g

esurés. Dans la présente norme, I'allongement a la rupture est le parameétre mesuré.

DTE L'allongement a la rupture est utilisé en lieu et place de la résistance a la traction, car pour certains matéria
lyméres, en particulier les thermoplastiques, la résistance peut rester constamment égale a la résistance observ

seuil viscoélastique apres Vieillissement méme lorsque la réduction de I'allongement est <50 % en vale
solue.

Applicabilité-et'reproductibilité

h méthode d'allongement en traction décrite dans le document repose sur la présence d
ngues chaines dans les structures moléculaires des polyméres. Lors du processus ¢
pgradation, les structures moléculaires subissent des variations sous I'effet des procédés d
ticulation, des mécanismes de rupture des chaines, d'oxydation ou d'autres phénomeénes ¢
bgradation. Ces variations se traduisent généralement par une diminution de la vale

X
pe
ur

allongement a la rupture

La méthode d'allongement en traction décrite dans le présent document convient plus
particulierement aux échantillons prélevés sur des matériels réalisés a partir de matériaux
polymeéres, mais n'est généralement pas adaptée aux matériaux polyméres renforcés par des
fibres ou aux résines, comme les résines époxy.

La méthode d'allongement en traction décrite dans le présent document ne peut pas étre mise
en ceuvre sur le terrain dans les centrales nucléaires, mais elle utilise des échantillons
provenant des centrales, qui font ensuite I'objet de mesurages en laboratoire. La réalisation de
chaque mesurage d'allongement en traction peut prendre entre 5 min et 10 min en laboratoire.
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NOTE Des essais interlaboratoires effectués selon des méthodes proches de celle décrite dans la présente norme
ont permis d'observer au niveau des valeurs d'allongement a la rupture mesurées sur des éprouvettes identiques,
un écart de 8 % a 10 % par rapport aux essais en laboratoire classiques.

Les propriétés mécaniques de certains matériaux polymeres peuvent étre sensibles a la teneur
en humidité. La plupart des matériaux organiques ou polymeéres actuellement utilisés dans le
confinement ne sont pas significativement hygroscopiques. Néanmoins, si des matériaux
hygroscopiques sont utilisés, il convient de prendre en compte l'influence de la teneur en
humidité de ces matériaux sur I'allongement a la rupture, en particulier aprés un vieillissement
thermique artificiel obtenu par une exposition prolongée a une température élevée dans une
étuve.

L dégradation de certains matériaux polyméres dans les environnements exposésHa.dgs
rgyonnements ne peut pas étre corrélée a I'allongement a la rupture.

6| Procédure de mesure

1 Stabilisation des matériaux polymeéres

6

Une durée suffisante doit étre prévue pour permettre aux matériaux polymeres des matériels
de fabrication récente de se stabiliser avant d'engager tout programme de surveillance d'état
oy de vieillissement accéléré sur ces matériels. La période néceSsaire a la stabilisation dgs
matériaux polyméres dépend normalement des produits additifs liés au procédé et de |a
cpmposition des polyméres. Si les données du fabricant concernant le temps de stabilisatign
des polymeéres ne sont pas disponibles, il convient alors diattendre 6 mois avant d'engager Igs
programmes de vieillissement pour permettre aux valeuss initiales des échantillons non vieilljs
de se stabiliser.

2 Echantillonnage
21 Généralités

6

6

Les mesurages d'allongement en traction fournissent des informations sur I'état du matérigl
upiquement a l'endroit spécifique, @l a été réalisé le préléevement. La connaissance dgs
conditions d'environnement dans des zones représentatives durant I'exploitation de la centrale
est une condition préalable auchoix des lieux de prélévement pour réaliser la surveillange
dlétat. Il est important que ces-lieux correspondent a une gamme aussi large que possible de
conditions de vieillissement;” en prenant en compte tout particulierement les lieux ou lgs
conditions de vieillissement pourraient étre plus sévéres, par exemple les points chauds. le
ligu d'échantillonnage. et les informations disponibles concernant I'historique des conditions
dlenvironnement surle lieu de prélévement choisi doivent étre documentés.

Les procédures-d'échantillonnage doivent satisfaire aux instructions locales, en prenant gn
compte la_sécurité du personnel et des matériels. Il convient de réduire le plus possible |a
manipulation des matériels durant le prélévement des échantillons dans la centrale. Par
exemple, il convient de ne pas plier les cables plus que cela est nécessaire pour prélever
I'¢chantillon.

Les mesurages d'allongement a la rupture dépendent de la formule des matériaux et peuvent
étre sensibles aux variations observées en fabrication, comme la porosité. Toute modification
de la formule doit étre évaluée.

6.2.2 Exigences relatives aux échantillons

Lors de la préparation d'échantillons prélevés sur des cables entiers préalablement vieillis en
laboratoire ou en dépdt sur site, les échantillons doivent étre prélevés dans des sections de
cables situées a au moins 100 mm des extrémités des cébles, sauf dans le cas ou ces
extrémités auraient été hermétiquement fermées durant la phase de vieillissement.
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Pour obtenir une confiance raisonnable, un nombre minimal de 5 éprouvettes est exigé pour
les mesurages d'allongement a effectuer sur un échantillon particulier. Néanmoins, il est admis
que dans certains cas, par exemple pour les échantillons prélevés sur les points chauds, le
volume de matériaux disponibles peut ne pas étre suffisant pour obtenir ce nombre minimal
d'éprouvettes.

Les éprouvettes peuvent étre préparées a partir des matériels prélevés sur le lieu
d'échantillonnage ou peuvent, a défaut, étre préparées a l'avance et placées sur les lieux de
prélévement.

Tpute condition de stockage non appropriée doit étre évitée pendant l'intervalle compris entfe
I'¢chantillonnage et les mesurages. |l est recommandé de stocker les échantillons“dans
I'dbscurité a des températures inférieures ou égales a 25 °C et dans des conditions d'humidité
comprises entre 45 % et 75 %.

3 Préparation des éprouvettes
brsque les essais d'allongement sont réalisés dans le cadre d'un programme de surveillange

état comprenant des mesurages comparatifs et consécutifs, les/méthodes de préparation, lgs
fgrmes et les dimensions des éprouvettes utilisées doivent étredidentiques.

6
6/3.1 Généralités
L
d

Le type d'éprouvette utilisé pour les mesurages d'allongenienht dépend de la forme géométrigye
du matériel sur lequel est prélevé I'échantillon. Lorsque cela est possible, des éprouvettgs
haltéres doivent étre utilisées. Pour certains matériels, ‘par exemple l'isolant des fils de cablgs
de faible diameétre, des éprouvettes haltéres ne peudvent pas étre préparées et des éprouvettgs
tybulaires doivent alors étre utilisées, comme cela est spécifié au 6.3.3. Des joints toriqugs
moulés peuvent également étre utilisés comme-éprouvettes, le cas échéant.

bs éprouvettes haltéres ou tubulaires;~ou les joints toriqgues moulés, sont les formgs
éprouvettes les plus couramment utiliséés pour la surveillance d'état. Pour certains matériels,
peut étre nécessaire d'utiliser d'autres formes géomeétriques d'éprouvettes.

=0 r-

bs éprouvettes préparées a partir de matériels avant vieillissement, par exemple pour étre
acées dans un dépdt sur.site sacrificiel, peuvent étre utilisées. L'oxydation a diffusion limitde
it faire I'objet d'une attention particulieére en s'assurant qu'elle ne pose pas probleme lorsqye
bs éprouvettes préparées a l'avance sont utilisées par comparaison avec des éprouvettgs
éparées apreés vieillissement.

T Q QT I

NPTE 1 La préparation des éprouvettes a partir d'échantillons vieillis peut étre difficile, voir ’Annexe B qui suggéfe
d¢s approches pour préparer de tels matériaux.

NPTE 2 Des)etudes récentes ont montré peu de différence entre I'oxydation d'échantillons vieillis de cables entiers
et|celle d‘éprouvettes vieillies préparées (voir le document JNES-SS-0903 dans la Bibliographie), pour les cébles ge
fajble, diamétre dans un nombre limité de matériaux particuliers.

613.2_Eprouvettes haltéres
L'Annexe A. fournit des recommandations pour la forme et les dimensions des éprouvettes

haltéres. Les éprouvettes doivent étre découpées dans I'échantillon au moyen d'un
emporte-piece adapté (voir I'Annexe D).

Dans les échantillons utilisés pour la surveillance d'état, le volume de matériaux disponibles
est généralement limité. Pour cette raison, il peut étre nécessaire d'utiliser des éprouvettes de
dimensions inférieures a celles utilisées pour les mesurages de traction.

6.3.3  Eprouvettes tubulaires

Les éprouvettes tubulaires sont utilisées pour certains matériels, comme l'isolant des céables
dont le diameétre du conducteur est trop faible pour permettre le découpage d'éprouvettes
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halteres. Les éprouvettes tubulaires sont préparées en retirant I'dme sur la longueur du
matériau isolant. La longueur hors tout de l'isolant dénudé doit étre de 50 mm au minimum.

L'ame doit étre dénudée avec précaution afin de ne pas endommager l'isolant polymere.
L'Annexe B suggeére des méthodes de préparation des éprouvettes.

Avec ce type d'éprouvette, I'emploi de manchettes ou d'inserts souples est nécessaire pour
éviter que les extrémités ne se déchirent au niveau des mors de serrage de la machine d'essai
de traction, comme cela est indiqué a I'Annexe A.

34 Eprouvettes toriques

6

DEs joints toriques moulés peuvent étre utilisés comme éprouvettes. Il est essentie|l diutiliser
des dimensions identiques d’éprouvettes pour les échantillons vieillis et non vieillis*dans |e
cadre de la surveillance de I'état. Les échantillons toriques peuvent étre prélévés sur das
matériels vieillis.

6{4 Instrumentation

[=2)

4.1 Machine d'essai de traction

instrument utilisé pour les mesurages d'allongement en tractiof) doit étre capable de mesuré¢r

force appliquée sur I'éprouvette et la distance entre les,mors de serrage de I'éprouvetie
irant I'étirage en continu de celle-ci a une vitesse constante./La machine d'essai doit pouvqir
daliser I'essai a des vitesses d'essai entre 10 mm/min 8400 mm/min avec une tolérance de
10 %.

H = oz

Les mors de serrage de I'éprouvette doivent étre/solidarisés a la machine d'essai de sorte qye
I'axe de I'éprouvette coincide avec la directionsde'la force de traction passant par I’axe centrgl
de l'assemblage de serrage. L'éprouvette deit’étre maintenue de maniere a éviter qu'elle ne
glisse des mors de serrage. Les mors pneumatiques sont privilégiés aux mors mécaniques. Le
systéme de serrage ne doit pas produire;de contrainte exagérée sur I'éprouvette, susceptible
dlentrainer une rupture prématurée detcelle-ci au niveau des mors.

Ppur les essais d'éprouvettes toriques, la machine d'essai doit comporter deux poulies ou deyx
axes arrondis solidarisés a la_machine, 'un situé sur la partie fixe et I'autre sur la traverge
mobile. Ces poulies ou goupilles doivent étre alignées suivant la direction de la force de tractign
ef doivent avoir un diamétre inférieur ou égal au tiers du diametre interne initial de I'éprouvetfe
tqrique et supérieur ou égal a trois fois le diametre du brin.

Llindicateur de force doit étre capable d'afficher la force de traction a laquelle est soumide
'eprouvette et'indiquer la valeur de cette force avec une exactitude d'au moins 1 % par rappdrt
alla valeur «gelle.

6l4.2 ~ “Etalonnage

Linstrument doit étre étalonné conformément aux recommandations du fabricant, par référende
a une norme de mesurage nationale et étre accompagné d'un certificat d'étalonnage des
appareils de mesurage et d'essai, pour la plage de valeurs de force et d'allongement
appropriées des éprouvettes en essai.

6.4.3 Utilisation d'extensomeétres

Le mesurage de la distance entre les mors de serrage ou le déplacement de la partie mobile
de la machine d'essai de traction étalonnée conformément aux spécifications du fabricant doit
permettre de réaliser I'allongement de I'éprouvette pendant I'essai de traction.

Un extensomeétre permet une autre méthode possible pour mesurer I'allongement. Dans ce cas,
un extensométre sans contact doit étre utilisé. Des extensométres vidéo sans contact sont
disponibles et peuvent étre utilisés pour mesurer l'allongement des éprouvettes avec des
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