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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: 

• latest date by which the document has 
to be implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2014-05-01 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2016-08-01 
 

 

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 Title EN/HD Year 
  

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

EN 60544-2 - 

 

  

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

EN 60544-4 - 
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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, γ-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 latest 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 γ-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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m
QX

d
d

=  (1) 

The SI unit of exposure is the coulomb (C) per kilogram: C/kg. The old unit is the roentgen R: 
1 R = 2,58 × 104 C/kg. 

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′ 
quotient obtained by dividing dQ by dA, where dQ is the electron charge impinging during the 
time t on the area dA: 

 
A
QQ

d
d

=′   (2) 

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

 
tA

Q
t

Qj
dd

d
d

d 2
=

′
=   (3) 

3.4  
absorbed dose 
D 
measure of the energy imparted to the irradiated material, regardless of the nature of the 
radiation field 

Note 1 to entry: The absorbed dose D is the quotient obtained by dividing d ε  by dm where d ε  is the mean 
energy imparted by ionizing radiation to matter of mass dm: 

 
m

D
d
dε

=   (4) 

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

1 Gy = 1 J × kg1 (= 102 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. 

Note 2 to entry: For purposes of dosimetry, it has been found convenient to specify dose in terms of dose to water. 
The dose to other materials can be found by applying cavity theory.  

3.5  
absorbed dose rate 
D  
quotient obtained by dividing dD by dt, where dD is the increment of absorbed dose in the 
time interval dt: 

 
t
DD

d
d

=   (5) 
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The SI unit of absorbed dose rate is the gray per second: 

1 Gy × s1 = 1 W × kg1 (= 102 rad × s1 = 0,36 Mrad × h1) 

4 Radiation-induced changes and their evaluation  

4.1 General 

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. The technique to detect ions, excited states and 
radicals (short-lived intermediate species) are briefly described in Clause A.4. 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 [2]. 

4.2 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, important electrical property changes 
sometimes occur before mechanical degradation becomes 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. 

4.3 Environmental conditions and material geometry 

Environmental conditions and test specimen geometry shall be well controlled and 
documented during the measurement of radiation effects. Important environmental parameters 
include temperature, reactive medium, and mechanical and electrical stresses present during 
the irradiation. If air is present, the irradiation time (flux and dose rate) has also been 
demonstrated to be a very important experimental parameter because of oxygen diffusion 
effects and hydroperoxide breakdown rate constants. Both factors are time dependent. The 
conditions that influence oxygen diffusion and equilibrium concentrations in the polymer shall 
be controlled. These include: temperature, oxygen pressure, material geometry and the time 
during which the dose is applied. 

If the effect of simultaneous stresses, e.g. radiation at high temperature, is simulated by 
sequential stressing, other results are to be expected. Further, there can be differences in 
results if the sample is first irradiated and then heat aged or vice versa. 

4.4 Post-irradiation effects 

In organic polymers, there may be post-irradiation effects due to the gradual decay of various 
reactants, such as residual free radicals. Due allowance shall be made for this type of 
behaviour in any evaluation procedure. The tests shall be made at recorded intervals after 
irradiation, maintaining specimen storage in a standard laboratory atmosphere. The reaction 
of oxygen with residual free radicals can cause further degradation. 

4.5 Temporary effects 

4.5.1 Performing measurements during irradiation is not within the scope of this part 
of IEC 60544. Despite this, some basic aspects will be discussed briefly. The temporary 
effects appear primarily as changes in electrical properties such as induced conductivity, both 
during and for some time after irradiation. Hence, measurement of the induced conductivity 
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