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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Radiation interaction and dosimetry

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
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. The IEC
collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

3) They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

International Standard IEC 544-1 has been prepared by sub-committee 15B: Endurance
tests, of IEC technical committee 15: Insulating materials.

This second edition cancels and replaces the first edition published in 1977 and
constitutes a technical revision.

The text of this standard is based on the following documents:

DIS Report on Voting    

15B(CO)91 15B(CO)93 

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

IEC 544 consists of the following parts, under the general title: Electrical insulating
materials - Determination of the effects of ionizing radiation.

- Part 1: 1994, Radiation interaction and dosimetry

- Part 2: 1991, Procedures for irradiation and test

- Part 4: 1985, Classification system for service in radiation environments

Annexes A and B form an integral part of this standard.

Annex C is for information only.
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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 to be 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.

Firstly, it is necessary to define the radiation fields in which materials are exposed and the
radiation dose subsequently absorbed by the material. Secondly, it is 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.

This part of IEC 544 is the introductory part in a series dealing with the effect of ionizing
radiation on insulating materials. Part 2 of IEC 544 describes procedures for maintaining
different types of exposure conditions during the irradiation. It also specifies the controls
that shall be maintained over these conditions so that desired performances can be
obtained. Further, it defines certain important irradiation conditions and specifies the test
procedures to be used for property-change determinations and the corresponding
end-point criteria. Part 3 (IEC 544-3: 1979) has been incorporated into the second edition
of IEC 544-2. Part 4 of IEC 544 defines a classification system to categorize the radiation
endurance of insulating materials. It provides a set of parameters characterizing the
suitability for radiation service. It is a guide for the selection and indexing of insulating
materials and for material specification.
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ELECTRICAL INSULATING MATERIALS —
DETERMINATION OF THE EFFECTS OF IONIZING RADIATION —

Part 1: Radiation interaction and dosimetry

1 Scope and object

This pa rt of IEC 544 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 of determining
exposure and absorbed dose, and methods of calculating absorbed dose.

2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this part of IEC 544. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and pa rt ies to
agreements based on this pa rt of IEC 544 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members
of IEC and ISO maintain registers of currently valid International Standards.

IEC 544-2: 1991, Guide for determining the effects of ionizing radiation on insulating
materials - Part 2: Procedures for irradiation and test

IEC 544-4: 1985, Guide for determining the effects of ionizing radiation on insulating
materials - Part 4: Classification system for service in radiation environments

3 Definitions [151*

For the purposes of this part of IEC 544, the following definitions apply.

3.1 exposure (X): Exposure is the measure of an electromagnetic radiation field (X- or
y-radiation) to which a material is exposed. 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:

dQ
X= 	

dm

The SI unit of exposure is the coulomb (C) per kilogram: C/kg. The old unit is the roentgen
R: 1 R = 2,58 x 10-4 C/kg.

* The numbers in square brackets refer to the bibliography given in annex C.
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The exposure thus describes the effect of an electromagnetic field on matter in terms of
the ionization that the radiation produces in a standard reference material, air.

3.2 electron charge fluence (Q'): The quotient obtained by dividing dQ by dA, where
dQ is the electron charge impinging during the time t on the area dA:

- dQ

dA

3.3 electron current density (j): The quotient obtained by dividing dQ' by dt, where dQ'
is the electron charge fluence during the time interval dt:

dQ'	 d2Q
l = 	 -

dt	 dA dt

3.4 absorbed dose (D): Measure of the energy imparted to the irradiated material,
regardless of the nature of the radiation field. The absorbed dose D is the quotient
obtained by dividing a by dm where da is the mean energy imparted by ionizing radiation
to matter of mass dm:

de
D- 	

dm

The SI unit is the gray (Gy). The old unit is the rad:

1 Gy = 1 J • kg -1 (= 10 2 rad)

Since this definition does not specify the absorbing material, the gray can be used only
with reference to a specific material. The absorbed dose is determined in part by the
composition of the irradiated material. When exposed to the same radiation field,
therefore, different materials usually receive different absorbed doses.

3.5 absorbed dose rate (b): The quotient obtained by dividing dD by dt, where dD is the
increment of absorbed dose in the time interval dt:

dD
D-

dt

The SI unit of absorbed dose rate is the gray per second:

1 Gy • s-  = 1 W • kg -  (= 102 rad s-1 = 0,36 Mrad h-1)

4 Aspects to be considered in evaluating the radiation resistance of
insulating materials

4.1 Evaluation of the radiation field

For various types of radiation, the radiation field is described in different ways.
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4.1.1 An electromagnetic radiation field may be described in terms of photon flux density
and energy distribution. However, for X- and y-rays up to 3 MeV it is customary to
characterize the field in terms of its ionizing effect on air. For this purpose, the quantity
"exposure" is used.

4.1.2 A particle field is usually characterized in terms of the current density (fluence
rate). When the particles have a distribution of energies, as for electron beams, additional
information concerning the energy spectrum is required.

4.1.3 In all cases, the objective is to characterize the radiation field in such a way that
the absorbed dose and dose rate in any material placed in the field may be calculated.
When different materials are exposed to the same fluence of photons or particles, they
may absorb different amounts of energy. The first objective is thus to describe standard
methods and procedures for measuring the characteristics of the radiation fields to which
insulating materials have to be exposed. Clause 5 meets this objective by presenting a list
of radiation dosimetry techniques with the relevant references.

4.2 Evaluation of absorbed dose and absorbed dose rate

Techniques have been perfected to obtain - from measurements with radiation detectors
such as ionization chambers, calorimeters, and chemical dosimeters - the data for
calculating the absorbed dose or absorbed dose rate for a material under irradiation.
Clause 5 deals with the reliable and conventional techniques of such measurements.
Clause 6 contains the material- and energy-dependent factors to be used in the
calculation of absorbed dose or absorbed dose rate in other materials of interest from the
measured data for X- and y-radiation, while clause 7 gives dose estimation methods for
electron radiation.

4.3 Radiation-induced changes and their evaluation

Although the various types of radiation interact with matter in different ways, the primary
process is the production of ions and electrically excited states of molecules which, in
turn, may lead to the formation of free radicals. Radiation-generated mobile electrons,
which become trapped at sites of low potential energy, are also produced. The first
phenomenon leads to permanent chemical, mechanical, and electrical changes of the
material; the second results in temporary electrical changes in performance [10].

4.3.1 Permanent changes

In polymeric materials, the formation of free radicals during irradiation leads to scission
and cross-linking processes that modify the chemical structure of the insulation, generally
leading to deterioration of the mechanical properties. This mechanical deterioration
frequently gives rise to significant electrical property changes. However, impo rtant
electrical property changes sometimes occur before mechanical degradation is serious.
For example, a change in dissipation factor or in permittivity might become serious for the
reliable functioning of a resonant circuit. The extent of scission and cross-linking
processes depends on the absorbed dose, the absorbed dose rate, the material geometry,
and the environmental conditions present during the irradiation. Because the free radicals
sometimes decay slowly, there may also be post-irradiation effects.
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