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Foreword

The text of document 112/254/FDIS, future edition 3 of IEC 60544-1, prepared by IEC TC 112 "Evaluation
and qualification of electrical insulating materials and systems" was submitted to the IEC-CENELEC
parallel vote and approved by CENELEC as EN 60544-1:2013.

The following dates are fixed:

e latest date by which the document has (dop) 2014-05-01
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2016-08-01
standards conflicting with the
document have to be withdrawn

This document supersedes EN 60544-1:1994.

EN 60544-1:2013 includes the following significant technical changes with respect to EN 60544-1:1994:
a) recent advances in simulation methods of radiation interaction with different matter enables the
prediction of the energy-deposition profile in matter and design the irradiation procedure;

b) many new dosimetry systems have become available.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

Endorsement notice

The text of the International Standard IEC 60544-1:2013 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:
ISO 11137 series NOTE Harmonised in EN ISO 11137 series.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year
IEC 60544-2 -

IEC 60544-4 -

Title EN/HD Year

Electrical insulating materials - Determination EN 60544-2
of the effects of ionizing radiation on insulating

materials -

Part 2: Procedures for irradiation and test

Electrical insulating materials - Determination EN 60544-4 -
of the effects of ionizing radiation -

Part 4: Classification system for service in

radiation environments




This is a free page sample. Access the full version online.

I.S. EN 60544-1:2013

This page is intentionally left BLANK.



This is a free page sample. Access the full version online.

I.S. EN 60544-1:2013

-2- 60544-1 © IEC:2013

CONTENTS
FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 4
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 6
S oo o 1= S 7
DA (o] 4 4 =Y (Y LT = (T = g o P 7
3 Terms and definitions ... 7
4 Radiation-induced changes and their evaluation...............coooiiiiii i, 9
g N €= o 1= - Y PP 9
4.2 Permanent Changes ... 9
4.3 Environmental conditions and material geometry ... 9
4.4 Post-irradiation effects ... 9
4.5  Temporary effECts ... 9
5 Facilities for irradiation of material samples for evaluation of properties ......................... 10
LS T € 7= o 1Y - | PP 10
5.2 Gamma-ray irradiators . .....co.iiuiiiie e 10
5.3 Electron-beam irradiators ... .. ... 10
5.4 X-ray (Bremsstrahlung) irradiators.........cooouiiiiiiiii 11
6  Dosimetry Methods. ..o 11
0 T € 7= o =Y - | PP 11
6.2 Absolute dosimetry Methods. .. ... 12
I N 1= Y0 g b= =) TP 12
6.2.2 EleCtron beams ... 12
6.3  DOSIME Y SY S OIS Lo 12
6.3.1 Reference standard dosimetry systems ..........cooooiiiiiiiii i 12
6.3.2 Routine dosimetry SyStems . ... ..o 13
6.3.3 Measurement uncertainty ... 14
6.3.4 Dosimeter calibration ... ... 15
6.3.5 Dosimeter seleCtion ... 15
Characterization of irradiation facilities ... 16
Dose mapping of samples for teSt......oiiii i 16
8.1 Charged particle equilibrium ... ... 16
8.2 Depth-dose distribution (limitations) ..o 16
9  Monitoring of the irradiation ... 17
Annex A (informative) Radiation chemical aspects in interaction and dosimetry ................... 18
71 0] [ o = o 2 /278 31
Figure A.1 — Absorbed dose as a function of thickness ... 19

Figure A.2 — Absorber thickness for charged-particle equilibrium as a function of
energy for a material with an electron density of 3,3 x 1023 cm=3 (water).............cccceevuerennn... 20

Figure A.3 — Thickness of water (1 g/cm?3) as a function of photon energy for a given
attenuation of unidirectional X-ray or y-ray radiation ..............cccooiiiiiiii 21

Figure A.4 — Typical depth-dose distribution in a homogeneous material obtained with
electron accelerators for radiation ProCesSIiNg .......ccouiiiiiiiiii i 25

Figure A.5 — Example of calculated results of energy deposition function, /(z'), for a
slab layer of polyethylene exposed to 1 MeV electron ..., 25

Figure A.6 — Example of calculated results of energy deposition function, /(z’), for
typical organic insulators exposed to 1 MeV electron ... 26



This is a free page sample. Access the full version online.

I.S. EN 60544-1:2013

60544-1 © IEC:2013 -3-

Figure A.7 — Two methods of arranging the irradiation samples in order to take into
account the typical depth-dose distributions ...

Figure A.8 — Methods of arranging the irradiation samples for measuring electron
depth-dose distributions with a stack of slab insulating materials and wedge-shape
L =101 = LA T o T 4= == 1P

Figure A.9 — Scheme of radiation effects of polymers.........ccoooii

Table 1 — Examples of reference standard dosimeters ...........ccocoiiiiiiiiiiiii i,
Table 2 — Examples of routine dosimeter Systems..........cooviiiiiiiiiiiiie e
Table A.1 — Electron mass collision stopping powers, S/p (MeV cmM2/g).........cccocveeeeecuneeeann..

Table A.2 — Photon mass energy absorption coefficients, tgn /0 (€M2/g) wvoviveieriiiiieane



1)

2)

3)

4)

5)

6)

7)

8)

9)

This is a free page sample. Access the full version online.

I.S. EN 60544-1:2013

_4_ 60544-1 © IEC:2013

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATING MATERIALS -
DETERMINATION OF THE EFFECTS OF IONIZING RADIATION -

Part 1: Radiation interaction and dosimetry

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(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 liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC 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
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees 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 Publication or any other IEC
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.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60544-1 has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

This third edition cancels and replaces the second edition published in 1994 and constitutes a
technical revision.

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

a)

b)

recent advances in simulation methods of radiation interaction with different matter
enables the prediction of the energy-deposition profile in matter and design the irradiation
procedure;

many new dosimetry systems have become available.
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The text of this standard is based on the following documents:

FDIS Report on voting
112/254/FDIS 112/262/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60544 series, published under the general title Electrical insulating
materials — Determination of the effects of ionizing radiation, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
*+ amended.
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INTRODUCTION

The establishment of suitable criteria for the evaluation of the radiation resistance of
insulating materials is very complex, since such criteria depend upon the conditions under
which the materials are used. For instance, if an insulated cable is flexed during a refuelling
operation in a reactor, the service life will be that time during which the cable receives a
radiation dose sufficient to reduce to a specified value one or more of the relevant mechanical
properties. Temperature of operation, composition of the surrounding atmosphere and the
time interval during which the total dose is received (dose rate or flux) are important factors
which also determine the rate and mechanisms of chemical changes. In some applications,
temporary changes may be the limiting factor.

Given this, it becomes necessary to define the radiation fields in which materials are exposed
and the radiation dose subsequently absorbed by the material. It is also necessary to
establish procedures for testing the mechanical and electrical properties of materials which
will define the radiation degradation and link those properties with application requirements in
order to provide an appropriate classification system.
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ELECTRICAL INSULATING MATERIALS -
DETERMINATION OF THE EFFECTS OF IONIZING RADIATION -

Part 1: Radiation interaction and dosimetry

1 Scope

This part of IEC 60544 deals broadly with the aspects to be considered in evaluating the
effects of ionizing radiation on all types of organic insulating materials. It also provides, for X-
rays, y-rays, and electrons, a guide to

— dosimetry terminology,

— methods for dose measurements,

— testing carried out at irradiation facilities,

— evaluation and testing of material characteristics and properties,
— documenting the irradiation process.

Dosimetry that might be carried out at locations of use of the material is not described in this
standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60544-2, Electrical insulating materials — Determination of the effects of ionizing radiation
on insulating materials — Part 2: Procedures for irradiation and test

IEC 60544-4, Electrical insulating materials — Determination of the effects of ionizing radiation
— Part 4: Classification system for service in radiation environments

3 Terms and definitions

For the purposes of this document, the terms and definitions in ICRU Report 33 [1]1. as well
as the following definitions apply.

3.1

exposure

X

measure of an electromagnetic radiation field (X- or y-radiation) to which a material is
exposed

Note 1 to entry: The exposure is the quotient obtained by dividing dQ by dm, where dQ is the absolute value of
the total charge of the ions of one sign produced in the air when all of the electrons (and positrons) liberated by
photons in air of mass dm are completely stopped in air:

1 References in square brackets refer to the Bibliography.
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