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Abstract

This report summarizes radiation damage test
data on commercially available organic cable in-
sulation and jacket materials: ethylene-propylene
tubbers, polyethylenes, polyurethanes, silicone
rubbers, and copolymers based on polyethylene.
The materials have been iiradiated either in a nu-
clear reactor, or with a cobalt-60 source, or in the
CERN accelerators, at different dose rates. The
absorbed doses were between 10° and 6 x
10° Gy. Mechanical properties, e.g. tensile
strength, elongation at break, and hardness, have
been tested on irradiated and non-irradiated
samples, according to the recommendations of
the International Electrotechnical Commission.
The results are presented in the form of tables
and graphs to show the effect of the absorbed
dose on the measured properties.

Résumé

Ce rapport donne les résultats d'essais sur la
résistance aux rayonnements ionisants de maté-
riaux utilisés comme isolations et gaines de
cibles électriques, tels que les cacutchoucs
éthyléne-propyléne, les polyéthylénes, les poly-
uréthanes, les caoutchoucs silicones et ies copo-
lyméres & base de polyéthyléne. Les matériaux
ont &té irradiés soit dans un réacteur nucléaire,
soit par une source de cobalt-80, soit dans les
accélérateurs du CERN, a différents débits de
dose. La dose absorbée était comprise entre 10°
et 5 x 10° Gy. La résistance a la traction, |'al-
longement 2 la rupture et a dureté ont été testés
sur des échantillons irradiés et non irradiés, con-
formément aux recommandations de la Commis-
sion Electrotechnique Internationale. Les résul-
tats sont présentés sous forme de tableaux et de
graphiques qui montrent l'effet de la dose
absorbée sur ces propriétés mécaniques.
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1. Introduction

Investigations into the degradation of materials
and components which are exposed to ionizing
radiation have been carried out in the past in
many different fields of applications, such as for
nuclear reactors, fusion reactors, high-energy
accelerators, medical and industrial irradiation
facilities, space projects, etc. At the European
Organization for Nuclear Research (CERN), radi-
ation damage test studies have been concen-
trated on organic and inaorganic materials, elec-
tronic and optical components and devices, and
other materials that are used in the construction
and operation of high-energy accelerators.

Apart from electronic and optical devices, the
organic materials are the ones most sensitive to
radiation. As a consequence of this, a large num-
ber of radiation tests have been made on these
materials and the results are extensively docu-
mented [1-15]. Design engineers are, however,
often faced with the problem of finding the
desired information quickly within the available
literature. We therefore decided to publish our
radiation damage test results on organic materials
in the form of catalogues.

The first volume, published ten years ago, con-
cerned organic materials used as insulation and
sheathing for electric cables [16].

The second volume dealt with thermosetting
and thermoplastic resins, the majority being
epoxies used for magnet coil insulations [17].

The third volume contained information on mis-
cellaneous materials and components used
around high-energy accelerators [18].

The present volume complements the first one:
it concerns halogen-free cable-insulating mate-
rials. As in previous parts, the materials are pre-
sented in alphabetical order following the English
name.

We first present some characteristic properties
of the materials represented here, and define our
end-point criteria for selection of radiation-
resistant materials. We then list the tests and test
methods, and give the irradiation conditions. In
Section 5 we explain the presentation of the data.
It must be noted that most of the data have been
obtained from tests after accelerated irradiations,
and that all tests were made at ambient tempera-
ture. After long-time exposures and ageing in
other environments, a variation in the presented
data may be expected [15].

2. Materials, characteristic properties, and
end-point criteria

With a few exceptions, which are marked in the
catalogue, all test data given here have been ob-
tained, over the past ten years, from commer-
cially available materials. In the meantime, some

1. Introduction

Des essais sur la dégradation des matériaux
due aux rayonnements ionisants ont été effec-
tués dans plusieurs domaines d’application, par
exemple autour des réacteurs nucléaires et de
fusion, des accélérateurs a haute énergie, dans
les installations industrielles ou médicales, dans
les centres d’'études spatiales, etc. A I’Organi-
sation européenne pour la recherche nucléaire
(CERN), les essais de radiorésistance ont été
concentrés sur des matériaux organiques et inor-
ganiques, des composants électroniques et opti-
ques, et d’autres matériaux qui sont utilisés pour
la construction et I'opération des accélérateurs &
haute énergie.

A part les composants électroniques et opti-
ques, les matériaux organiques sont parmi les
plus sensibles aux rayonnements ionisants. Par
conséquent, une grande gquantité de ces maté-
riaux ont été soumis & des essais d’irradiation, et
les résultats peuvent étre trouvés dans de
nombreuses publications [1-15]. Toutefois, les
ingénieurs rencontrent souvent des difficultés
pour trouver, dans la littérature, l'information
voulue. C’est pour cette raison que nous avons
décidé de publier nos résultats d’essais de radio-
résistance des matériaux organiques sous forme
de catalogues.

Le premier volume, paru il y a dix ans, concer-
nait les matériaux utilisés comme isolants et pour
les gaines de cédbles électriques [16].

Le deuxiéme volume comprenait des résines
thermodurcissables et thermoplastiques dont la
plupart sont des époxydes utilisées dans l'iso-
lation de bobines d’aimants [17].

Le troisitme volume comprenait divers maté-
riaux et composants utilisés autour des accélé-
rateurs de particules {18].

Le présent volume est un complément du
premier: il comprend les matériaux pour isolations
et gaines de cables exempts d’halogéne. Comme
dans chaque volume, les matériaux sont pré-
sentés dans |'ordre alphabétique suivant leur nom
anglais.

Nous commengons par exposer quelques
propriétés caractéristiques des matériaux pré-
sentés dans ce catalogue; nous définissons les
criteres de dégradation de ces propriétés, qui
servent & sélectionner les matériaux radiorésis-
tants. Nous décrivons ensuite les méthodes d’es-
sais, ainsi que les conditions d’irradiation. Dans la
section 5 nous expliquons la présentation des
données. |l faut noter que les résultats ont
généralement été obtenus par des irradiations
accélérées, et que tous les essais ont été faits a
température ambiante. Aprés une longue période
d’irradiation et un vieillissement sous d’autres
conditions, on peut s’attendre a8 un changement
dans les résultats que nous avons obtenus [15].



of them may no longer be on the market; this is
indicated in the tables of the catalogue, whenever
known. The most common materials that are
dealt with here are:

ethylene-propylene rubbers,

EVA copolymers,

linear or cross-linked polyethylenes,

polyolefins,

polyurethanes.

i

The materials were usually supplied in connec-
tion with offers from European cable manufac-
turers, and according to CERN specifications for
control and power cables that have to operate in
radiation environments. A list of firms supplying
such materials is given in Appendix 3.

In Table 1 we summarize the mechanical, elec-
trical, and physical properties of the materials,
and give some indications of their behaviour in
the event of combustion.

All the materials presented here are halogen-
free and contain little or no sulfur and phos-
phorus. They have passed the DIN 57.472/813,
which defines the maximum acidity and the maxi-
mum conductivity of combustion gases.

It is evident that for selection and classification
of materials according to their radiation resist-
ance, not all of the properties listed in Table 1 can
be tested, and we have to restrict ourselves to a
few characteristic and representative ones. In our
case the mechanical properties were chosen. We
justify this by our own experience and that of
others [8], which shows that, in general, the
mechanical degradation of plastic insulating
materials due to ionizing radiation occurs before
the degradation of the electrical and physical
properties. Also, no important change in flamma-
bility has been observed with radiation [9].

Among the mechanical properties, elongation
at break is the most sensitive, i.e. it decreases
sharply above a threshold dose. According to the
recommendations of the International Electro-
technical Commission {IEC), the elongation at
break is the reference critical property and the
end-point criterion is 50% of its initial value [19].

The Radiation Index (Rl} is defined in IEC 544-4
as the iogarithm, base 10, of the absorbed dose
in grays {rounded down to two significant digits}
at which the elongation at break is reduced to
50% of its initial value, under specified conditions
of irradiation and tests. (Note that 1 Gy =
1gray = 1J/kg = 100 rad.)

3. Tests and test methods

Whenever possible, tests have been carried out
according to international norms [19]. Some-
times, for practical or technical reasons, excep-
tions had to be made.

The samples were usually given to us in the
form of moulded plates 1 to 3 mm thick. Some
were supplied in the form of an extruded ribbon or

2. Les matériaux, leurs propriétés
caractéristiques et les critéres de
dégradation de ces propriétés

A part quelques exceptions, qui sont indiquées
dans le catalogue, tous les résultats donnés ont
été obtenus, au cours des dix derniéres années,
sur des matériaux disponibles dans le commerce.
Il est possible que quelques-uns ne soient plus sur
le marché, et nous I'avons noté dans les tableaux,
pour les cas ol nous I’avons su. Les plus courants
de ces matériaux sont:

- Caoutchoucs éthyléne-propyléne,
Copolymeéres EVA,

Polyéthylénes réticulés ou non,
Polyoléfines,

Polyuréthanes.

En général, les matériaux ont été fournis par
des fabricants de cébles européens, suivant des
spécifications du CERN pour des cébles de con-
tréle ou de puissance qui doivent étre utilisés en
présence de rayonnements ionisants. L'appen-
dice 3 est une liste des fabricants qui ont fourni
les échantillons.

Le tableau 1 donne un résumé des propriétés
mécaniques, électriques et physiques des maté-
riaux, ainsi que quelques indications sur leur
comportement en cas de combustion.

Soulignons que tous les matériaux présentés
dans ce catalogue sont exempts d’halogéne et ne
contiennent que peu ou pas de soufre ou de phos-
phore. lls passent tous le test DIN57.472/813
qui définit une acidité et une conductivité maxi-
males des gaz de combustion.

Il est évident que, pour la sélection et la classifi-
cation des matériaux selon leur résistance aux
rayonnements, on ne peut pas tester toutes les
propriétés citées dans le tableau 1, et qu'il faut se
limiter & quelques-unes des plus représentatives.
Dans le cas présent, nous avons choisi les
propriétés mécaniques. Ce choix se justifie par
notre propre expérience, et celle d’autres auteurs
[8], qui nous a appris que la dégradation, due &
Virradiation, des propriétés mécaniques des iso-
lants plastiques intervient généralement avant
celle de leurs propriétés électriques et physiques.
Nous avons aussi trouvé que les rayonnements
n‘ont que peu d’effet sur l'inflammabilité de ces
matériaux [9].

Parmi les propriétés mécaniques, on trouve que
I"allongement a la rupture est la plus notable: il
diminue sensiblement en dessus d’une dose seuil.
Conformément aux recommandations de la Com-
mission électrotechnique internationale (CE!) I'al-
longement a la rupture est donc choisi comme
propriété critique de référence, et te critére de fin
de vie est 50% de sa valeur initiale [19].

La publication CEl 544-4 définit un indice de
rayonnement (RI) déterminé par le logarithme, en
base 10, de la dose absorbée en grays (arrondie &
deux chiffres significatifs) au-dessus de laquelle
la valeur de l'allongement a la rupture a atteint



a sheath. Others were cut from prototype or pro-
duction cables [the latter are marked (C) in the
‘Remarks’ line of the results tables]. In all cases,
from five to eight samples were cut for each
tested dose.

The following tests have been carried out:

i) Tensile tests, according to ISO recommen-
dation R37, on dumb-bell samples mainly of
type S1 or S2 with an overall length of
115 mm or 75 mm. The tests were carried out
on an Instron machine and allowed the follow-
ing parameters to be determined:

- tensile strength, gy
- elongation at break.

i) Hardness Shore A, C, or D, according to ISO
recommendations R868, carried out with a
Wolpert apparatus.

iii) Oxygen Index {(Ol} test, according to ISO
4589, This value gives an indication of the
flammability of the plastic materials. Test re-
sults are reported for non-irradiated materials
only. Some results of the change of this pa-
rameter with radiation are given in Ref. [9].
The test apparatus was made by Stanton Red-
croft.

More details about test methods are given in

Ref. [22].

4. rradiation conditions and dosimetry

Most of the samples were irradiated either in
the ASTRA reactor at Seibersdorf (Austria), at
doses of 5 x 10°Gy, 108Gy, and 5 x 108Gy, at
a dose rate of about 2 x 10° Gy/h, or with a
cobalt-60 source, at Conservatome in Dagneux
(France), at doses of 2 x 10°Gy, 5 x 10° Gy,
and 10% Gy, at a dose rate of about 4000 Gy/h.

Samples were also taken from cables that
needed to be replaced in high-radiation areas of
the CERN accelerators; they were irradiated at
doses between 10% and 10°Gy [10, 11, 141.

In the 7 MW pool reactor, the irradiation
position ‘Ebene 1’ is in the pool about 26 cm
away from the reactor core. The neutron dose is
less than 5% of the total dose to the samples.
The irradiation medium is air, and the temperature
is kept below 60°C. More details about irra-
diation conditions and dosimetry are given in
Ref. [20].

5. Presentation of the data

The list of the materials (with the relevant sup-
pliers) that are presented in this catalogue and in
the preceding volumes is given in Appendix 1.

Appendix 2 gives the popular names and trade
names of the materials, together with the cor-
responding chemical names.

Appendix 3 is the alphabetical compilation of
data. Under each letter, the following information
can be found:

50% de sa valeur initiale, dans les conditions spé-
cifiques d’irradiation et de test. (Pour mémoire,
1Gy = 1gray = 1J/kg = 100rad.)

3. Essais et méthodes d’essais

Nous avons exécuté nos essais selon les
normes internationales [19] dans tous les cas ou
cela était possible. Pour des raisons pratiques ou
techniques, quelques exceptions étaient inévi-
tables.

Les matériaux nous ont en général été fournis
sous forme de plaques, de 1 3 3 mm d’épaisseur.
Certains nous ont été fournis sous forme de ruban
ou de gaine extrudés. D'autres encore ont été
prélevés sur des cables prototypes ou de pro-
duction [ces derniers sont en général marqués (C)
sur la ligne ‘Remarks’ du tableau de résultats].
Dans tous les cas, de cing 3 huit échantillons ont
été coupés pour chaque essai.

Nous avons effectué les tests suivants:

i} Traction, selon la recommandation ISO R37,
sur des échantillons S1 ou S2, de longueur
115 mm ou 75 mm. Les essais ont &té faits
sur une machine Instron et ont permis de
déterminer les paramétres suivants:

- Résistance a la traction,
- Allongement a la rupture.

ii) Dureté Shore A, C ou D, selon la recomman-
dation ISO R868, mesurée sur un appareil
Wolpert.

iii) L’indice d'oxygéne, selon la norme ISO 4589.
Cette valeur permet de classer les matériaux
plastiques selon leur inflammabilité. La valeur
de {'indice d’oxygéne (Ol) est donnée, dans ce
catalogue, pour les matériaux non irradiés
seulement. Quelques résultats du change-
ment de ce paramétre avec la radiation
peuvent étre trouvés dans la référence [9].
L'appareil de mesure était fabriqué par
Stanton Redcroft.

4. Conditions d’irradiation et dosimétrie

La plupart des échantillons ont été irradiés soit
au réacteur ASTRA, a Seibersdorf (Autriche), a
des doses de 5 x 10° Gy, 106 Gy et 5 x 108 Gy,
ou le débit de dose est de l'ordre de 2 x
105 Gy/h, soit par une source de cobalt-60, a la
société Conservatome, a Dagneux, France, a des
doses de 2 x 10° Gy, 5 x 10° Gy et 10° Gy, a
un débit de dose de |'ordre de 4000 Gy/h.

Dans les accélérateurs du CERN, des échantil-
lons ont été pris des cables qui ont été remplacés
aprés service dans des zones de radiations

élevées a des doses comprises entre 10° et
108Gy (10, 11, 14].

Dans le réacteur-piscine de 7 MW, la position
«Ebene 1» se trouve 3 26 cm du coeur; la dose en
neutrons intégrée par les échantillons est
inférieure & 5% de la dose totale. Le milieu d’ir-



- Names of the materials (trade name and/or
chemical names) and their chemical compo-
sition or structure, whenever known.

- Some general information on the material pro-
perties and radiation resistance, if no deteiled
data are included in this catalogue.

— The radiation test results in the form of tables
for every material of the same type. In these
tables are given the TIS identification number
of each material, its type or trade name or com-
mercial reference, the name of the supplier, the
exposition doses and dose rates; then come the
values of the tensile strength and elongation at
break for tensile tests, the hardness Shore D,
the limit of oxygen index (before irradiation)
and the value of the radiation index for the cor-
responding dose rate.

- For each material, the individual data sheet in
the form of table and graph, according to IEC
544 standard {21].

Appendix 4 is a list of the suppliers of materials
and cables which collaborated to the catalogue.

Appendix 5 gives the main abbreviations used
in the tables of results.

6. Classification of materials

In Table 2 we give a classification of the
materials in decreasing order of radiation
resistance. This classification corresponds to
accelerated irradiations: it gives only an order of
magnitude of the limit-dose of usability of the
materials. From the table it appears that for a
large number of matenals the ‘limit for appli-
cation’ is around 5 x 105 Gy. Under long-term
irradiations at low dose rate, this Ilmlt may be as
low as 2 X 10° Gy, or even 108 Gy for some
polyolefins, which are rather sensitive to degra-
dation in the presence of oxygen [15].

radiation est !'air, et la température maximale est
de 60°C. Plus de détails sur les conditions d’ir-
radiation et de dosimétrie peuvent étre trouves
dans la référence [20].

5. Présentation des résultats

Les listes des matériaux (avec leurs four-
nisseurs respectifs) pour lesquels nous donnons
des résultats et ceux présentés dans les volumes
précédents constituent |'appendice 1. Pour y
retrouver facilement un matériau dont on ne con-
nait le nom qu’en francgais, nous avons préparé
une liste de traductions (voir tableau 3).

L’appendice 2 donne les noms déposés des
matériaux, avec leur nom chimique.

L’appendice 3 est la compilation des résultats.
Sous chaque lettre de I’alphabet on peut y trouver
les informations suivantes:

- Noms des matériaux (nom du commerce et/ou
nom chimique) et leur formule chimique, si
connue.

- Quelques informations sur la radiorésistance
des matériaux pour le cas ou les données
détaillées manquent.

_ Les résultats, sous forme de tableaux, des
essais de radiorésistance de tous les matériaux
d’un méme type. Dans ces tableaux, on trouve
le numéro TIS d’identification, le type de
matériau ou sa désignation commerciale, le
nom du fournisseur, les doses d’exposition, les
débits de dose; viennent ensuite les valeurs de
la force et de \'élongation 3 la rupture en essais
de traction, les valeurs de la dureté Shore D, la
valeur de l'indice d'oxygéne mesuré avant
irradiation, et enfin la valeur de lindice de
rayonnement au débit de dose considéré.

- Les résultats individuels des essais, pour
chaque matériau, sous forme de graphique et
tableau, conformément & la norme CEl 544
(211

L'appendice 4 donne les noms des fournisseurs
de matériaux et de cébles qui ont collaboré a ce
catalogue.

L'appendice 5 présente les principales abré-
viations utilisées dans les tableaux de résultats.

6. Classification des matériaux

Dans le tableau 2, nous classons les matériaux
dans I'ordre décroissant de leur tenue aux radia-
tions. Ce classement correspond a des irradia-
tions accélérées; il ne donne donc qu’un ordre de
grandeur de la dose jusqu’a laquelle les produits
peuvent étre utilisés. |l ressort de ce tableau que,
méme en irradiation accélérée, la plupart des
matériaux ont une utilisation limitée a une dose se
situant autour de 5 x 10° Gy. Lors d'irradiations
along terme cette dose hmlte peut étre abaissée
a2 x 10° Gy, ou méme 105 Gy, pour certaines
polyoléfines particulierement sensibles a la dégra-
dation en présence d’oxygéne [15].
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Table 1

Main characteristics of some materials

Properties

EAR EPR EPOM EVA Kapton PUR PE XLPE
EEA std f

Silicone
rubber

Buty!
rubber

PEEK

Physical

Specific gravity
tg/em?®)

Water absorption
(%)

Thermal conductivity
(kcal/m-h-°C)

Thermal coefficient of
expansion (10~ %/°C)

Electrical
Dielectric constant

at 1 kHz
Loss factor

at 1 kHz
Resistivity {{2-m)
Dielectric strength

(kV/mm)

Mechanical

Ultimate tensile
strength (MPa)

Ultimate elongation (%)

Hardness Shore D

Abrasion resistance
compared to PVC

Combustion
Toxic gases®
CO,
SO,
HF
HCN
Hydrocarbon
Max. temperature (°C)
permanently
t<4h
t<4s
Oxygen index
Fume production®

1.09 0.86 0.94 1.42 1.1-1.3 0.91-0.96

< 0.01 1.3 0.6-0.8 < 0.01

0.28

16-30

25-4.0(3.2-45| 4.2-5.3 3.6 6.0 2.2-45

0.02-0.004 0.05 0.003 0.005 0.05-0.0003

10'-10" 10¥-10% 10" |10'-10" 10"-10'¢
15-30 20 |160-280| 15 16-25

11.7-22 3.9-8.8 10-15 | 118-168 {24.5-34.3 12.3-17.7

270-500 250-550 320-600} 50-70 |400-600 | 600-650 | 200-350
15-36 32-40 30-40 32-565

worse same to better better same to worse
worse

o o0 — 3
3 —oo0 3
3 0003

140-150 85-90 200 70 70 85-90

160-180 100 90-180
250 150

20-25 18-21 | 23-31 18-22 50-90 19-22 18-20

h I m h

1.2-1.56

0.6-2.4

15-18

3.0

0.004

10"
16-28

5.9-8.8
400-600

worse

-0 0 O —

150
320

24-35

1.3

101-10
6-20

17-21

400-900
10-35
good

1.3-1.5
0.5

0.25-0.9

3.2

0.003

10'2-10"
15-20

120-200

2-50

250

24-35

a) For toxic gas content and fume production: | = low; m = medium; h = high; o = nothing; all gases contain CO.

std = standard material, f = special flame-retardant material.




Table 2

Classification of materials according to their radiation resistance

Polyimide | | 4 _
PEEK l | g |
Polyurethane rubber (PUR) L | 2 m

Ethylene—propylene rubber (EPR/EPDM) |

Styrene—butadiene rubber (SBR)

i
N

Polyethylene terephthalate copolymers t
{

Cross~linked polyolefins

Polychloroprene rubber |

Ethylene vinyl acetate (EVA) r

Polyvinyichloride (PVC)

N

Chiorosulfonated polyethylene L | _
Acrylonitrile rubber { | 7 _
Polyethylene /Polyolefin (e.g. PE/PP,PO) L | 9 /_
Acrylic rubber (EAR.EEA) ( 7777
Silicone rubber (SIR) { | /—

Butyle rubber

V7
Y

Perfluoroethylene—propylene (FEP)

Polytetrafluoroethylene (PTFE)

DOSE IN GRAY 10° 104 10° 108 107 10
DOSE IN RAD 10> 108 107 108 10° 10
Appreciation Elongation Utility

of Damage

Incipient to muld 75-100 % OF IN. VALUE Nearly olways usable

Radiation index area 25-75 % OF IN. VALUE Often satisfactory

Moderate to severe < 25 % OF IN. VALUE Not recommended




Tableau 3

Noms, en ordre alphabétique, de tous les matériaux cités dans ce volume,
avec le titre en anglais sous lequel on peut les trouver dans le catalogue.

Les noms en italigues sont des marques de fabrique,
ou des noms déposés, pour lequels nous ne donnons pas de traduction.

En frangais En anglais
Acorad

Afumex

Caoutchouc butyle Buty! rubber
Caoutchouc acrylique d’éthyléne EAR, EEA
Caoutchouc éthyléne-propyléne EPR
Caoutchouc éthyléne-propyléne dié¢ne monomére EPDM

Caoutchouc silicone
Caoutchouc thermoplastique
Chlorostop

Chlorure de polyvinyle
Cogegum

Desmopan

Elastollan
Ethyléne-acétate de vinyle
Flamtrol

Halar

Hypalon

Hytrel

Kapton

Lupolen

Megolon

Neoprene

Norde!

Polyéthyléne
Polyéthyléne réticulé (PRC)
Polyéthyléne semiconducteur
Polyoléfines

Polyuréthane

Pyrofil

Radox

Rheyhalon

Silenpex

Silythene

Sioplas

Teflon

Tefzel

Toxfree

VAC

Vamac

Viton

SIR
Thermoplastic rubber {TPR)

pvC

EVA

PE

XLPE
Semiconducting PE
Polyolefins

PUR






Appendix 1a:

LIST OF MATERIALS AND RELEVANT SUPPLIERS™
(FOR THIS EDITION ONLY)

Material (Trade names are in italics) Supplier
Acorad Acome
Afumex Pirelli SPA

Cogegum (blend of EVA and EPDM)

Elastollan

Ethy! acrylate rubber (EAR)

Ethylene ethyl acrylate (EEA)

Ethylene-propylene diene monomer rubber (EPDM)

Ethylene-propylene rubber (EPR)

*) Addresses may be found in Appendix 4

Norsk Kabel EB
Padanaplast

Elastogran-EPE

Datwyler
Du Pont de Nemours
Norsk Kabel EB

BP Chemicals
Fulgor Cavi

Bical - BICC Cables
Cables de Lyon
Datwyler

Gorse

Huber & Suhner
NKT Telecom Cables
Studer Kabel

AEG Kabel
Cablexport

Céables de Lyon
CEAT Cavi
Cossonay Céableries
Datwyler

Fuigor Cavi

Gorse

kabelmetal eiectro
Lynenwerk
Metallurgica Bresciana
Pirelli SPA

Roque

Silec

Studer Kabel

11



Ethylene viny! acetate copolymer (EVA)

Lupolen (polyolefin)

Megolon (polyolefin)

Polyethylene (PE)

Polyolefin

Polyurethane (PUR)

Radox (Polyolefin base)
Rheyhalon (polyolefin or rubber)

Semiconducting polyethylene

Silanpex (EVA base)

12

BASF

Bical ~ BICC Cables
BP Chemicals
Cabeltel-Filotex
Céables de Lyon
Datwyler

Fulgor Cavi

Gorse

Lynenwerk

NKT Telecom Cables
Norsk Kabel EB
Pirelli SPA

Roque

STC Telecommunications

BASF
Cabeltel-Filotex
Kabelmetal electro
Pirelli SPA

Lindsay & Williams

BP Chemicals
Cables de Lyon
Huber & Suhner
kabelmetal electro
Neste (ex-Unifos)
NKT Telecom Cables
Norsk Kabel EB

Silec

Studer Kabel

Acome

AEG Kabel

AEl Compounds
Bical - BICC Cables
BP Chemicals
Cabeltel-Filotex
Cablexport

Déatwyler

Lindsay & Williams
Metallurgica Bresciana
Neste (ex-Unifos)
NKT Telecom Cables
Norsk Kabel EB
Padanaplast

Pirelli SPA

Silec

Elastogran - EPE
Huber & Suhner
Metallurgica Bresciana
Huber & Suhner

AEG Kabel

Gorse
Silec

NKT Telecom Cables



Silicone rubber (SIR)
Silythene (PE)

Sioplas {poiyolefin)

Thermoplastic rubber (TPR)

Toxfree (polyolefin or rubber)

VAC (vinyl acetate copolymer)

Vamac (EAR)

XLPE (cross-linked polyethylene)

Gorse
Silec

AElI Compounds
NKT Telecom Cables
STC Telecommunications

BP Chemicals

Cablexport
CEAT Cavi

kabelmetal electro

Du Pont de Nemours
Norsk Kabel EB

AEG Kabel

Fulgor Cavi

Gorse

Metallurgica Bresciana
Padanaplast

Pirelli SPA

Silec

13



Appendix 1b:

LIST OF MATERIALS PRESENTED IN THE PREVIOUS VOLUMES
(Trade names in italics)

Volume 1; Cable insulating materials (Ref. 16)

Butyl rubber

Chlorostop

Chlorosulfonated polyethylene (CSP)
Cross-linked polyethylene {XLPE)
Desmopan

Ethyl-acrylate rubber (EAR)
Ethylene-propylene diene rubber (EPDM}
Ethylene-propylene rubber (EPR)
Ethylene vinyl acetate (EVA)
Flamtrol

Fluoropolymer

Halar

Hypalon

Hytrel

Kapton

Lupolen

Neoprene

Nordel

Polychloroprene

Polyethylene (PE)

Polyurethane (PUR)

Polyvinyl chloride (PVC)

Pyrofil

Radox

Semiconducting polyethylene
Silicone rubber

Silythene

Stilan

Teflon

Tefzel

Viton

XLPE

Volume lI: Thermoplastic and thermosetting
resins (Ref. 17)

Araldite B

Araldite D

Araldite F and other Araldite resins
Araldite F + epoxy Novolac
Birakrit

Cevolit

Crystic

Dobeckan IF

Dobeckot

14

Epikote

Epoxy resins

Epoxy resins + epoxy Novolac
Etronax

Isoval

Kerimid

Kinel

Makrolon

Novolac

Orlitherm

Phenolic resins
Polycarbonate resins
Polyester resins
Polyimide resins
Polylite
Polyurethane resins
Resofil

Ryton

Samicanit
Samicatherm
Silicone resins
Veridur

Vetresit

Vetronit

Volume lli: Accelerator engineering materials
and components (Ref. 18)

Adhesive tape

Aluminium oxide

Araldite

Asbestos cement

Askarel

Buna

Cable insulation

Cable tie

Ceramic

Cerium-doped glass

Connector

Copper wire

Diala C

Diester oil

Electronic components

Epoxy resin

Ethylene-propylene rubber (EPR) and (EPDM)
Ethylene-tetrafluoroethylene copolymer (ETFE)
Fluorinated oil



Fluorinated polymer
Foam

Glass

Glass fibre

Heating element
HF absorber

Hoses

Hostalen
Hypermalloy
Hytrel

Insulated wire
Insulating oil
Insulating sleeve
Insulating tape

iron

Joint

Kapton

Kevlar

Kynar

Lighting

Lithium polysilicate
Lubricating oil
Luminous paint
Lupolen

Magnet coil insulation
Magnetic material
Makrolon
Micatherm
Microswitch
Mineral oil

Motor, electric
Mylar

Neoprene
Nitrile-butadiene rubber
Nomex

Noryl

Novolac

Nylon

Oil

Optical fibre

O-ring

Paint

Paper

Particle detector
Pertinax

Plexiglas
Polyacrylate
Polyamide
Polybutylene terephthalate (PBTP)
Polycarbonate
Polychloroprene (Neoprene)

Polyester resin

Polyethylene (PE) and (XLPE)
Polyethylene terephthalate (PETP)
Polyhydantoin

Polyimide

Polyolefin

Polyphenylene oxide (PPO)
Polyphenylene sulfide (PPS)
Polypropylene (PP)

Polysiloxane
Polytetrafluoroethylene (Teflon PTFE)
Polyurethane resin (PUR)
Polyurethane rubber {PUR)
Polyvinyl chloride (PVC)

Polyvinyl toluene

Quartz

Relay

Resin
Resistofol
Rubber

Ryton
Scintillator
Scotchcal
Seal (O-ring)
Silica

Silicon detector
Silicone oil
Silicone rubber
Sleeve
Styrene-butadiene rubber (SBR}
Switch

Tape

Teflon (PTFE)
Tefzel
Terminal board
Textile

Thermoplastic resin
Thermosetting resin
Thermoshrinking sheath
Vacuum chamber tube
Vacuum gasket
Vacuum pump accessory
Vacuum seal

Vacuum valve

Valvata

Valve

Vestolene

Viton

Wire

Wood

15



Appendix 2:

TRADE AND POPULAR NAMES AND CORRESPONDING CHEMICAL NAMES
OF MATERIALS PRESENTED IN THIS EDITION

Acorad Polyolefin

Afumex Polyolefin

Cogegum Blend of polyolefin and rubber
Elastollan Polyurethane

Lupolen Polyolefin (PE or EVA)
Megolon Polyolefin

Radox Polyolefin

Rheyhalon Polyolefin or rubber
Silanpex EVA base

Silythene Polyethylene

Sioplas EVA base

Toxfree Polyolefin or rubber

Vamac Ethy! acrylate rubber



Appendix 3:

ALPHABETIC COMPILATION OF THE DATA

ACORAD, trade name of Acome
see polyolefins

ACRYLIC RUBBERS
see EAR and EEA

AFUMEX, trade name of Pirelli
see polyolefins (see also in 1st edition (Ref. [16])

17



BUTYL RUBBER, see first edition (Ref. [16])
for general characteristics, see Tables 1 and 2.

19



CHLOROSTOP, trade name of kabelmetal electro,
see PVC in 1st edition (Ref. [16])

CHLOROSULFONATED POLYETHYLENE (CSP)
see HYPALON (trade name of Du Pont de Nemours) in 1st edition (Ref. [16])

COGEGUM, trade name of Padanaplast
see polyolefins

CROSS-LINKED POLYETHYLENE
see XLPE

CROSS-LINKED POLYOLEFINS
see polyolefins

21



DESMOPAN, trade name of Bayer
see polyurethane in 1st edition {Ref. [16]}



EAR
ethyl acrylate rubber

EEA
ethylene ethyl acrylate rubber

ELASTOLLAN, trade name of Elastogran-EPE

see PUR
EPDM

ethylene-propylene diene monomer rubber
EPR

ethylene-propylene rubber
EVA

ethylene vinyl acetate

25



EAR

ETHYL-ACRYLATE RUBBER

—CH;-CH-
|
C=0
|
O—-CH;—CHs

For general characteristics, see Tables 1 and 2.
See also in 1st edition (Ref. [16]).
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EAR

Mat.

Type Supplier Dose Dose  Tensile properties H Ol Ri
No. rate R E
(MGy) (Gy/h) (MPa) {%) (°D} (%)
840 4-20122 09 Datwyler 0.0 - 9.4 142 35 48
Sheath 0.5 3x 105 10.9 73 41 5.7
1.0 3x 105 11.1 52 45
5.0 3x105 13.0 16 57
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44
100 S ey 10° CERN MATERIAL No. : 840
rF EH MATERIAL Acryl rubber
! ] TYPE 4-20122 08
. SUPPLIER Dé&twyler
. REMARKS Sheath (P)
A TLST RESULTS -
1w L ]
E 5 Dose Dose Tensile properties Hardness
- % + raote Strength Elongation Shore D
$ b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
Sl ﬂb\o 0.000 - 94 01| 1416+ 46 | 350400
ST 1 0.500 | 2.7x10°[ 10.9 0.1 728 ¢ 33 | 410 £00
B 1000 | 2.7x10%| 111 £ 0.1 520 + 28 | 45014 00
10‘63 8 —l10' | 5000 [2.7x10%] 150 + 0.3 160+ 00 | 570 ¢ 00
RADIATION INDEX ( 2 7x10° Gy/h ) : 5.7
L o & ]
a ¢ | RESULTS OF OTHLR TESTS
e H OXYGEN INDEX(IS0 4589) : 480 %
o o CORROSMIEY (DIN 57472) © PASS
10 A 1 I AN e | n i aa el 10
77
o 10 10° 10
ABSORRBED DOSE (Gy)
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EEA

ETHYLENE ETHYL ACRYLATE RUBBER

Copolymer of ethylene and ethy! acrylate, cross-linked.
For general characteristics, see Tables 1 and 2.
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EEA

Mat. Type Supplier Dose Dose Tensile properties H Ol RI
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
557 MCA 280 Fulgor Cavi 0.0 - 16.6 501 39 24
(BP) 0.5 2x 105 12.3 263 39 5.7
1.0 2x 105 10.0 171 39
5.0 2x105 9.9 28 40
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 —r g 10 CERN MATERIAL No. 557
R ] F H MATERIAIL EEA copolymer
] TYPE BP MCA 280
3 4 SUPPLIER Fulgor Cavi
. REMARKS )
TEST RESULTS :
10° s Ty
[ E Dose Dose Tensile properties Hardness
- 4 rate _gl-r—anglh Elongation Shore D
¢ S < 9 1 (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
R | -N 0.000 - 16.6 £ 2.0 { 5008 £ 14.3 390 £ 00
§C5 ] 0500 |2.0x10°] 123 £ 2.6 263.2 £ 29.3 39.0 £ 0.0
1 1000 |20x10°| 100 £ 1.4 171.2 + 201 390 1 00
10' g 10 {5000 [20x10°| 99 + 0.8 284 + 36 | 400 1 00
RADIATION INDEX ( 2.0x10° Gy/h ) : 5.7
I O R ]
A E 1 . .
RESULTS OF OTHER TFSTS -
o H OXTCEN INDI X{150 4589) 240 %
° 0 CORROSIMITY (DIN ¢7472) PASS
10 i n i 44 1 n PR aaad 10U
77
0. 10 1° 10
ABSORBED DOSE (Gy)
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EPDM

ETHYLENE-PROPYLENE DIENE MONOMER RUBBER

Ethylene-propylene containing 1-2% of radical of diene.
Properties almost identical to those of EPR.

For general characteristics, see Tables 1 and 2.

See also in 1st edition (Ref. [16]).
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EPDM

Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D} (%)
410 LD 3734 Cables 0.0 - 9.8 261 19 -
Sheath de Lyon 0.5 2x 108 9.0 150 17 5.9
1.0 2x108 8.8 125 20
5.0 2x10% 9.1 44 25
420 Insulation Huber & 0.0 - 7.2 220 19 28
Suhner 0.5 2x 105 7.5 133 20 5.8
1.0 2x105 7.7 95 24
5.0 2x 108 7.5 34 31
421 Insulation Huber & 0.0 - 7.0 233 18 29
Suhner 0.5 2x 105 7.4 131 22 5.7
1.0 2x 105 6.5 72 23
5.0 2x105% 7.7 33 28
550 IS 20 Studer Kabel 0.0 - 5.2 384 23 19
(BICC) 0.5 2x 105 9.3 121 20
1.0 2% 105 8.6 63 26
5.0 2x10° 9.3 25 17
578 IE452 Gorse 0.0 - 4.0 562 21 26
Sheath i 0.5 2x105 2.7 218 24
1.0 2x105 3.3 104 24
5.0 2x10% 5.2 37 33
580 Iinsulation Gorse 0.0 - 4.5 332 19 22
0.5 2x 105 3.9 170 18 5.7
1.0 2x10% 3.5 113 19
5.0 2x 108 3.8 42 22
585 IE 606 Gorse 0.0 - 4.9 202 18 23
Insulation 0.5 2x105 4.5 118 17 5.8
1.0 2x10% 4.1 71 18 ‘
5.0 2x 105 4.3 34 20
620 MAF 34 8B Studer Kabel 0.0 - 6.8 170 39 30
(Dolder - 0.5 2x 105 16.5 57 48
Dupont) 1.0 2x105 20.4 17 51
5.0 2x 105 12.1 6 57
631 PM 177 BICC 0.0 - 2.6 382 25 31
Sheath 0.5 2x 105 3.4 115 29
1.0 2x 108 4.3 70 34
5.0 2x 1058 8.8 21 51
677 EPDM/PE NKT 0.0 - 5.7 50 39 29
83-34 0.5 2x 105 6.8 15 41
1.0 2x105 6.9 16 44
5.0 2x105% 10.3 10 54
897 4-97150 05 ~ Datwyler 0.0 - 9.5 127 35 -
EPDM/EVA 0.5 2x 105 8.3 58 38 5.6
1.0 2x 105 10.6 48 40
5.0 2x10% 14.3 7 65
899 4-57280 06 Datwyler 0.0 - 12.0 104 25 -
Insulation 0.5 2x 105 13.8 64 30 5.9
1.0 2% 105 14.1 49 31
5.0 2x 105 15.1 20 48
0.2 100 10.9 85 26
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EPDM

Mat. Type Supplier Dose Dose Tensile properties H Ol  RI
No. rate R E
{MGy} {Gy/h) (MPa) (%) (°D) (%)
900 4-56963 12 Datwyler 0.0 - 12.2 128 30 -
Sheath 0.5 2x 105 13.0 75 35 5.9

1.0 2x 105 13.4 60 39

5.0 2x10°% 15.1 18 51

0.2 100 12.2 93 33
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EPDM

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10—y ety - ety 10 CERN MATERIAL No. 410
RF {EH MATE RIAL EPDM
[ ] TYPE LD 3734
4 SUPPLIER Cables de Lyon
! 4 REMARKS Sheath
a
| \ 1
TEST ROSULTS ¢
100 L 4
[ il r—(J—ose Dose Tensile properiles Hardness
- % 4 rate Sirength Elongation Shore D
F 7 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
Y pe | 0000 | - [ esx11| 2600%152 | 19.0+00
>¢ T 0500 [1.7210°} 9.0 £ 06 1500 + 10.6 17.0 + 0.0
. , | 1000 J17x107) 8.8 + 0.4 1250 £+ 6.1 20.0 £ 0.0
mQ ________QM@___‘___@ — 10 | 5000 J1.7x10°| 91 £ 1.7 440 £ 7.4 25.0 4 0.0
s ]
i . RADIATION INDEX ( 1.7x10° Gy/h ) : 6.0
L o & ]
| st ] RESUITS OF OTHER TESTS :
° OXYCEN INDEX(IS0 4584) NOT MEASURED
CORROSMIY (DIN 57472) PASS
10° Lot e ] . PP RT0i
7
0. 10° 10 10’

ABSORBLD DOSE (Gy)

3

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

-

T LA DR B BB AL B

LA o 2 4

T vTTYy

bk bkl

10 CERN MATERIAL No. 420
EH MATERIAL E£PDM
TYPE insulation
SUPPLIER Huber & Suhner
REMARKS Blue piates

10 L |
of )
a e
sé 1
10 L |
L o & ]
SN ]
o o e
o o
10 Les R | RN BTY)
o. 10 10° 10’

ABSORBED DOSE (Gy)

TEST RESULTS

Dose Dose Tenslle properties Hardness
rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 - 72 £ 03 2200 + 203 19.0 4 0.0
0.500 |25x10°| 75 £ 02| 1330% 57 | 200100
1.000 2.5!105 7.7 £ D2 950 £ 50 2404 00
5.000 |2.5x10°] 75 2 1. 338+ 48 | 0300

RADIATION INDEX  2.5x10° Gy/h ) : 59

RLSILTS OF OTHER TESTS :
OXTGEN INDEX(1S0 4589)
CORROSMITY (DIN 57472)

280 %
PASS
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EPDM

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

1’ : S e 10 CERN MATERIAL No.  : 421
R JEH MATFRIAL - EPDM
] TYPE . insulation
4 SUPPLIER . Huber & Suhner
4 REMAFKS . Yellow plates
TEST RESULTS
WL 4id
[ ] Dose Dose Tensile properties Hordness—_
- E rale Strengih Elongalion Shore D
F 1 (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
o e yo | 0000 | - | 70£03| 2330+ 104 | 180 %00
- ~
=4 0500 125x10°| 74 & 0.4 131.0 £ 108 | 220 £ 00
, | 1000 [25x10°| 65 £ 1.0 720 £ 130 | 225 £ 00
10' L —{10' | 5000 |25x10°] 77 + 0.7 330 & 45 | 280 400 |
é -—————-e\@__/’@ 3 .
- 1 RADIAHION INDEX ( 2.5x10° Gy/h ) : 58
L o & |
A€ ] RESULTS OF OTHER TESTS :
S H OXYGEN INDLX(ISO 4589) : 290 =
COKRNSIMITY (DIN 57472) :  PASS
Q 0
10 Led M PR A E I | L o xsaal 30
77
i
0. 10 10° 10

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
[ S — e e 100 CERN MATERIAL No.  : 550
rRF iF MATFRIL - EPDM
3
| i 1YPF : IS 20 by BICC
& p SR . Sluder—Kabel
~ ] RE MARKE, Insutation (P)
TEST REAITS
1 —]10
. \ ] 60;9- HDose Tenslle properties ) Hordness
\ - cale ?vcng'h T Etongation Shore D
o 1 (MGy) | (Gy/H) R (MPa) E (%) H (Negree)
& O ~ex o | 0000 | 52 £03 ] 3835+ 393 | 220 400
i T ~—o 1" 091 [1.7x107| 93 £ 1.3 1210 t 140 | 200 t 00
1o [1.7<1n ] BR £ 1.6 631 + 103 760 1 00
] 1 M
i Jw [ qom f1 7.0 as ¢ 06 250 + 18 170 £ Q0
s -Q -~ e @ 3 o o I S .
_ 00 ] s
C5 ] RABIATION NI Y (1 7107 Gy/h ) < 5.7
b o N g
Al ST OF OB e 1PSTS
> M OYYCHN INDEY(F 0 4%RT) ;. 1RE 7%
o Coeer ety (farg A1)y PATY
“i‘ A n a0 v aaal 2 FEND A WY IRt
77
0 ' e ta’
ALOGEEED e 1 {0y)

40
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 . ——— Ty e 10 CERN MATERIAL No. 578
R it MATI RIAL EPOM
. ) TYPr Sheoth IE 452
s 4 SUPPLIFR Gorse
4 21 MAPKS P
TISE PEenty,
w L I
[ 1 Dc.»se Dose T Tenslle propertles B *ngdr.&;;s )
L raole Strength Elongation Shore D
: (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
- /—/ b _ e — e —
o //
04 o —o re | 0000 - | 10204 5624+ 83 | 210100
> 1 0.500 |25x10 f 27 £ 0.1 | 2180 % 106 | 240 £ 00
; , | 10 [25x107) 33 4 00 1040 £+ BS 235 1 0.0
' L 10" | so00 {25¢0"] 852 + 02 368+ 33 | 35 +00
s b ]
I 1 RADIATION INDEX ( 2.5x10° Gy/h ) < 5.7
8 [} J 4
® .o.r — 1
b T ]
i : j £ SULTS OF OTHER TESTS ¢
o OXYGIN INDIX(150 4589) 260 %
n 5 CORROTMTY (DIN 57472) PASS
1mn 2 A M a0 s agal MR Es I K}
77
oo 10 10
ARSORBLD DO (Gy)
DETERMINATION OF EFFECTS Of IONIZING RADIATION ON INSULATING MATERIALS, EC 544
- — I CERN MATERIAL No. 580
R ic MATERIAL EFDM
j TYPE Insulation
4 SUPPLIFR Gorse
- 4 REMARKS P)
A 4
TESY RESULTS :
w L 1
[ h Dose Dose Tensile properties Hardness
- E role Strength Elongation Shore D
[ 1 (MGy) | (Gy/H) R (MPa) E (%) H (Dagree)
| i - | i ]
Y o ye | 0000 - | 45+ 02| 33204338 | 190400
S5¢ —— & 6— T 0.500 |7.5¢10 | 39 £ 0.1 1696 + 128 18.0 4 0.0
1.000 [2.5x10°] 3.5 £ 0.1 1128 &£ 72 185 + 00
w' L _110' | 5000 [25¢10°} 38 + 02 424 £ 36 220 1 00
! ] RADIATION INDEX ( 2 5x10° Gy/h ) : 5.7
® ]
D d R ~ B @ - @
at RFSULTS CT OTHPR TESTS -
S H OXYGI'N INDI X(1SO 15R9) 220 %
" o CORROSIMILY (DIN 37472) PASS
10 Led et a4 aaaal " a2 s g}t
0o "t 10
AP OPRED Dol (Gy)
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EPDM

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
' T r—r——rrrry ST CEPN MATERIAL No. 585
e [ I MATF RIAL EPDM
[ ] 1YL Insulation IE 606 grey
L -4 SUPPHIER Gorse
! i PEMARICS (F)
& 1
~ Tt RISUNTS -
Ire \L 100
- \ 3 o ) .
L ﬁ\ ? Dose Dose Tenstle properties Hardness
L N g role Strenglh Elongation Shore D
.
I \‘lﬁ h (MGy} | (Gy/H) R (MPa) £ (%) H (Negree)
o b E Eabr RS EEE eme
. yo | 0.000 = | 49 +03]| 2020 % 157 18.0 £ 0.0
> o9 ] 0500 [25x107| 45 £ 0.3 1175 + 13.2 16.5 + 0.0
& 5
1000 j25v10°| 49 £ 0.2 706 £ 3. 17.5 + 0.0
w' L 10" | nono [25.10®| 43 4 03 338+ 25 | 200+ 00
& 1 RADIATION INDTX ( 2.5¢10° Gy/h ) - .7
N —- )
[ ® R D -—- (0] 4
[ A F 1 )
I | REWNTS OF OIHIR 1FSTS :
o OXYCIN INDFX(IS0 45A9) 230 %
o o CORROSMIT (DIN 574 72) PASS
10 e d " e 1 gl n PSR WETY I )
oo el 10
APORI DY Py (_(‘,y)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
w S I 1) CERN MATERIAL No. 620
RI ir MATERIAL EPDM
[ ] TYPE MAF 34 B by Dolder—Dupont
N 4 SUPPLIFR Sluder-Kabel
L p RI MARKS Insulation (P)
A — TERT RESULTS
w L 4w
o 3 - e
[ ] Dose Dose Tenslle properiles _ Hardness
i R 7T ° - rale Strengih Elongalion Shore D
é = \ 1 (MGy) | (Gy/m) | R (MPa) E (%) H (Degres)
0 re | 0.000 - AR+ 02| 1700 £ 342 Wa 0.0
> /\2 . 1 as00 fraxio®| s k03 565 1+ 1.4 2.0 4 a0
/‘B \ - 1ono 11410 204 ¢ 20 170 £ 2t SMoqan
0’ L _ ‘\\ o — e’ v l»1v.|t)' 2 k1 Sh4 w1 | nradea
ts] S 1 ) ! s
- 45 1 FADIAIOH IHDEX ( 1.4x10° GCy/h ) < 5.7
(oY 1
a PO OF OlEe Tengs -
° OXTCE I N0 (.0 4589) no %
" o COFE e LY (DIt 574 77) eAS
ol A N a1« s aaal " Lot aaashin
77
. [3 7
f 10 tn 10
ARG Doy b (y)




EPDM

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

!l) ‘ T T T T rYTv' v T T T 1rey 10‘ C[RN MAT[R'AL No' 65‘
i f ir MATE RIAL EPDM
[ ] TP PM 177
& 1 SURYIFP BICC
.~~~ T AADKS Sheathing compound
TEST PEAULTS -
2 2
1 L 0
3 N ] L
[ 4 ] Dose Dose Tenslle properties Hardness
- _‘/"‘D E rale Slrength Elongation Shore D
- /0/ X 1 (MGy) | (Gy/H) R (MPa) F (%) H (Degree)
© [ ____,,/0/ .\ 4 I~ e - 7
aP — \\A pe | 0000 - 76 £ 01| 3820+ 164 | 250 4 0.0
b ] 0.500 v.nm: 34 & 0.2 115.0 + 26.5 29.0 + 0.0
, 1.000 [1.7x10° 4.3 + 0.1 700+ 79 340 t 00
L 410" | 5000 | 17x10%] &= £ 02 2104+ 22 515 + 0.0
b —B ] I -
/ ] 5
// ] RADIATION INDFX ( 1.7x10° Gy/h ) < 5.7
o R & 4
| . P ol ]
(: &F RCSOITS OF OTTH P TESTS
S n OXYCIN INDE X{1~0 4589) 315 %
" o CORPOTVITY (DIN 57472) PASS
10 P | P BT
77
0o " 1o’
ALSORBED Doy Y ((‘,_y)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
W : S eyt 10° CERN MATERIAL No. 677
R 1E MATLRIAL EPDM/PE Compound
) TYPE (Ret.83-34)
- SUPPI IER NKT
REMARKS (P)
- 1
TESY RESULTS
I Dose Dose Tensile properties Hardness
rate Strength Elongation Shore D
10 1" (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
St Jpe | 0000 - 57+ 02| 4961 310 | 385 400
St E 0500 {1.7x10°| 68 + 01 145 + 30 405 1 00
o 1 1000 [1.7x10°| 69 4 02 164 & 09 | 440 100
H ] 5000 |v7x10°} 105 + 05 100 £ 14 54.0 4 0.0
] i RADIATION INDE X ( 1.7x10° CGy/h ) <57
O R
} A 4
RESULTS OF OTHER 115TS -
o o UXYGEN INDLX(1,0 4589) 285 %
o N CORROSIMITY (DIN 57472) PASS
10 4 " L 4 oaaaaql . METETRrErEwY I 1)
77
a 10 10° 10’

ABSORBLD DOSE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON {NSULATING MATERIALS, IEC 544
3 : 3
10 T ] — vy 10 CERN MATERIAL No. : 897
R 1E MATERIAL  : EPDM/EVA
] TYPE : 4-97150-05
- 1 SUPPLIER . Dilwyler
L 4 REMARKS . Sheath {Extruded 52 samples)
A TEST RESULIS :
0L T
] Dose Dose Tenslle propertles Hordncssvj
- 4 rate Strength Elongation Shore D
$ b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ol r ]
a e 0.000 T 95 £ 0.2 127.0 £ 140 350 £ 0.0
=T T 0.500 [25x10°{ 83 £ 46 580 + 57 38.0 2 U0
. & , 1.000 |2.5x10°] 10.6 £ 0.1 480 + 45 400 4 0.0
1Dé. —§10' | 5000 |25x10°] 143 + 0.4 70+ 27 650 £ 0.0
- ; RADIATION INDEX ( 2.5x10°> Gy/h ) < 5.7
L o R -
- ] .
| ] RESULTS OF COTHER TESTS :
e H OXYGEN INDEX(ISO 4588) :  NOT MEASURED
o o CORROSIVITY (DIN 57472) :  PASS
10 Led N a1 2122l " s a11a) 30
I
0. 10 10° 10
ABSORBLD DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 . 3
(g —— ey ——r—rrrrr 10 CERN MATERIAL No.  : 899
L ]
- —— SUORT- T MAITRIAL  : EPDM
b weee LONC. - IERM 4
[ ] TYPE . 4-57280-06
5 1 SUPPIIER  : Dalwyler
5 b REMARKS  : Insulation (Extruded S2 somples)
| TEST RISULTS :
Dose Dose Tensile properties Hardness
107A. _— |02 rale Strength Elongation Shore D
s 3 (MGy) | (Gy/H) | R (MPa) E (%) H (Degres)
1 i
L ] 0.000 - 120 £+ 16| 104031 82 | 250100
1 1 0500 |25.10%] 138 £ 07 640 + 42 | 30000
ol . 1.000 | 2.5x10°| 14.1 £ 0.4 4301 22 | 31.04100
g ! T Iye | soce |25410%| 150 £ 06 200 £ 40 48.0 + 0.0
0.000 - 120 £ 16| 1040+ 82 | 250100
& ,
0 x:) —{ 10 ! o200 | 1000|109 £ 15 850+ 98 | 26000
[ ] RADIATION INDEX ( 2.5x10° Gy/h ) : 5.9
L o 4 RADIATION INDEX ( 100.0  Cy/h ) >5.3
A E ]
L .
RLSULTS OF OTHFR 1ESTS :
ol ) o OXYGLN INDEX(1SO 4588) :  NOT MEASURED
10" L At ettt 10 CORROSMIY (UIN 57472) :  PASS
0. 10 10" 10’
ABSORBED DOSE (Gy)
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EPDM

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3 3
‘0 C l L L) L3 4 "'l T T T T T ll’_ ‘0
r o SHORT-TERM ]

R : e LONC.-TERM § E

2 -

A 2
1L {0
&) ]

a 152
-~
m'@l ® _1o

L o & ]

SN §

| ]

i 1]
10" Lea 1o

7

o. 10 1° 10

ABSORBED DOSE (Cy)

CERN MATERIAL No.

MATECRIAL
TYPE

SUPPLIER
REMARKS

[EST RESULTS -

900

EPDM

4-56963-12

Datwyler

Sheoth (Exiruded S2 samples)

Dose Dose Tensile properties Hardness
rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) £ (%) H (Degrea)
0.000 - 122 + 0.2 1280 £ 10.4 300 to0
0.500 [25x107| 13.0 £ D.2 750 £ 35S 350 to0o0
1.000 |2 5x1('_)5 134 £ D5 600 £ 35 39.0 400
5000 [25x107[ 151 +£ D.8 180 £ 2.7 51.0 £ 0.0
a.000 - 122 £ 0.2 128.0 £ 104 30.0 £ 0.0
Q.200 100.0 122 £ 0.3 930 £ 76 33.0 £ 0.0
RADIATION INDEX ( 2.9<10° Cy/h ) : 59
RADIANION INDEX ( 100.0  Gy/h ) >53

RLESULTS OF OFTHFR TESTS

OXYGEN INDEX(1S1) 4589)
CORROSIVITY (LIN 57472)

NOT MEASURED
PASS
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ETHYLENE-PROPYLENE RUBBER

CH; CH;

l |
-CH;~-CH;-CH;-CH-CH;-CH,;-CH,-CH ~

For general characteristics, see Tables 1 and 2.
See also in 1st edition (Ref. [16]).

EPR
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EPR

Mat. Type Supplier Dose Dose  Tensile properties H Ol Rl
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
409 LD 3792 Cébles 0.0 - 9.4 255 15 -
Insulation de Lyon 0.5 2x 105 7.1 142 14 5.9
1.0 2x10% 6.4 121 13
5.0 2x 108 4.2 39 14
411 Rheyhalon AEG-Kabel 0.0 - 6.1 433 22 -
Insulation 0.5 2x 105 6.2 180 26 5.6
1.0 2x 105 7.3 108 30
5.0 2x 105 10.7 35 45
412 Rheyhalon AEG-Kabel 0.0 - 8.3 132 27 -
Sheath 0.5 2x105 9.8 93 35 6.0
1.0 2x108 10.6 75 36
5.0 2x105 11.7 25 53
433 840 Silec 0.0 - 7.2 490 22 21
Insulation 0.5 2x105 6.3 246 24 5.7
1.0 2x10% 5.1 211 22
5.0 2x105 6.4 34 30
442 Sheath 772 Cablexport 0.0 - 7.5 253 19 -
CEAT 0.5 2x105 7.4 1560 21 5.8
1.0 2x 108 6.0 108 19
5.0 2x 105 6.9 49 22
443 Insulation Cablexport 0.0 - 6.2 217 17 -
773 CEAT 0.5 2x105 6.1 126 17 5.8
1.0 2x105 5.9 99 16
5.0 2x 105 7.6 54 20
464 NI 909 Cossonay 0.0 - 9.2 293 15 32
Insulation 0.5 2x 105 7.5 150 16 5.7
1.0 2x105 7.3 123 16
5.0 2x 108 7.7 38 25
465 NI913 Cossonay 0.0 - 7.9 220 19 42
Sheath 0.5 2x105 7.2 136 20 5.9
1.0 2x105 6.9 101 21
5.0 2x10% 8.5 36 33
466 NI 1058 Cossonay 0.0 - 10.0 275 18 32
Sheath 0.5 2x10% 8.5 150 19 5.7
1.0 2x108 8.1 107 19
5.0 2x105 8.5 40 24
468 Insulation Cablexport 0.0 - 3.9 360 20 27
ISR cables Pirelli 0.5 2x 108 4.2 134 21
1.0 2x108 5.5 76 25
5.0 2x108 10.4 21 50
474 insulation 4 Gorse 0.0 - 4.4 308 13 27
SPS cables 1.0 2x 105 5.6 98 22
475 Sheath 501 Gorse 0.0 - 5.7 113 23 27
SPS cables 1.0 2x105 5.8 63 24 6.0
511 1053 Pirelli 0.0 - 7.7 253 15 20
ISR cables 0.5 2x105 7.0 150 15 5.8
1.0 2x 108 6.4 108 16
5.0 2x10% 4.5 26 21
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EPR

Mat. Type Supplier Dose Dose Tensile properties H Ol Ri
No. rate R E
{(MGy) (Gy/h) (MPa) (%) {(°D) (%)
555 Insulation Fulgor Cavi 0.0 - 3.6 407 14 24
G5 0.5 2x 1085 3.2 198 15 5.6
1.0 2x105% 3.4 109 15
5.0 2x105 7.1 27 28
656  Sheath of Fulgor Cavi 0.0 - 59 290 17 32
SPS power 0.5 2x 108 6.1 124 19
cables 1.0 2x10° 6.3 86 22
5.0 2x105 9.0 29 42
559 2ID 33 OF/1 Pirelti 0.0 - 4.0 357 20 31
Sheath 0.5 2x 105 3.0 111 21
1.0 2x105 3.5 62 22
5.0 2x 105 8.4 17 43
561 Sheath of CEAT Cavi 0.0 - 3.2 280 18 28
aluminium 0.5 2x105 3.4 172 16 5.8
cable 1982 1.0 2x105 3.8 117 18
5.0 2x 105 5.5 40 25
565 Sheath of Gorse 0.0 - 17.3 315 30 -
copper cable 0.5 2x 105 13.0 178 32 5.7
4 x 50 mm?2 1.0 2x105 14.0 84 30
5.0 2x 105 18.2 16 62
624 AT/2 Cablexport 0.0 - 6.7 242 14 -
CEAT 0.5 2x 105 9.0 77 17
1.0 2x10% 10.9 28 22
5.0 2x 108 5.0 8 24
625 AT/3 Cablexport 0.0 - 7.3 325 14 18
CEAT 0.5 2x 108 5.9 92 14
1.0 2% 105 5.0 28 17
5.0 2x 105 3.6 13 17
6268 Sheath 4/957 Cablexport 0.0 - 8.9 160 21 30
CEAT 0.5 2x 108 11.0 61 35
1.0 2x105 14.2 22 50
5.0 2x 105 12.3 10 57
682 Rheyhalon AEG-Kabel 0.0 - 9.1 110 30 25
power cable 0.5 2x 105 9.7 56 34 5.7
Insulation 1.0 2 x 105 9.8 34 36
5.0 2x 108 14.0 14 53
683 Rheyhalon AEG-Kabel 0.0 - 9.7 162 29 35
Sheath for 0.5 2x 105 12.5 80 37 5.6
power cable 1.0 2x105 13.5 65 38
5.0 2% 105 19.2 17 57
730  Rheyhalon AEG-Kabel 0.0 - 6.3 184 25 32
Sheath for 0.5 2x10°% 8.2 79 36
power cable 1.0 2x10% 8.7 59 40
0.5 100 6.1 86 40
736 Sheath of Pirelli 0.0 - 3.4 265 31 33
power cable 0.5 2x105 4.3 52 49
1.0 2 x 105 5.5 32 55
0.5 100 4.7 28 50
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EPR

Mat. Type Supplier Dose Dose  Tensile properties H O! Ri
No. rate R E
{MGy) {Gy/h) {(MPa) (%) {°D) (%)
737 Insulation Pirelli 0.0 - 2.9 352 23
power cable 0.5 2x 105 3.2 130 39
1.0 2x105 3.9 82 42
0.5 100 3.1 165 38
760 Insulation Fulgor Cavi 0.0 - 4.8 520 19 19
LEP 20 kV 0.2 2x 105 4.7 360 16 5.5
cables 0.5 2x105 3.4 191 17
1.0 2x10% 3.3 125 16
5.0 2x 105 5.0 33 23
0.2 100 5.1 423 16 5.5
0.5 100 2.7 183 14
767 Insulation Lynenwerk 0.0 - 5.9 276 24 26
3G 0.2 2x 105 5.4 173 26 5.5
0.5 2x 105 5.6 115 27
2.5 2x 105 6.2 68 30
0.2 100 3.8 90 32
0.5 100 4.9 47 37
806 Rheyhalon AEG-Kabel 0.0 - 6.5 375 21 29
Insulation 0.2 2x10° 7.0 244 23 5.4
0.5 2x10°% 7.2 95 24
1.0 2x10% 7.6 63 26
5.0 2x 108 11.7 22 42
0.2 100 6.1 152 26 5.2
0.5 100 9.1 43 29
807 Rheyhalon AEG-Kabel 0.0 - 8.7 160 29 43
Sheath for 0.2 2x10% 6.9 95 34 5.8
power cable 0.5 2x10% 11.2 90 37
1.0 2x10% 13.2 60 41
5.0 2x105 20.3 16 60
0.2 100 10.0 102 36 5.6
0.5 100 10.4 70 40
808 Rheyhalon AEG-Kabel 0.0 - 7.7 416 15 24
Insulation 0.2 2x 105 5.2 222 18 5.4
0.5 2x 108 6.5 182 19
1.0 2x 105 5.9 111 20
5.0 2x 105 6.7 28 30
0.2 100 7.8 91 27
0.5 100 7.5 45 30
809 Rheyhalon AEG-Kabel 0.0 - 14.4 294 25 19
Insulation 0.2 2x 108 9.6 148 25 5.3
0.5 2x 108 12.1 124 25
1.0 2x 105 10.4 79 25
5.0 2x 105 8.6 20 33
0.2 100 12.9 202 25 5.7
0.5 100 12.4 162 26
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Mat. Type Supplier Dose  Tensile properties H Ol Rl
No. rate E
{Gy/h) (%) (°D) (%)
818 154 Roque 0.0 - 155 17 33
Insulation 0.5 2x 105 103 17 6.0
1.0 2x 105 78 18
50  2x105 26 25
0.2 100 6.4 117 198 5.6
0.5 100 6.8 73 22
836 4-56680 04 Datwyler 0.0 - 7.4 138 24 40
Insulation 0.5 3x10°% 7.0 89 24 6.0
1.0 3x10°% 7.5 70 25
5.0 3x105 8.6 26 35
884 154 Roque 0.0 - 6.4 126 17 -
Insulation 0.5 2x10°% 7.3 71 20 5.8
of ACOL 1.0 2x10% 7.4 52 21
cable 5.0 2x10% 7.8 21 32
925 3Gl 340 kabelmetal 0.0 - 7.5 483 21 22
Insulation electro 0.2 2x 108 7.4 351 22 5.8
0.5 2x10°% 6.9 259 23
1.0 2x 105 6.3 176 24
5.0 2% 105 5.2 34 27
0.2 100 6.2 200 23
0.5 100 5.4 53 28
926 DM 021 kabelmetal 0.0 - 10.3 588 18 22
Sheath electro 0.2 2x10°% 10.5 468 18 5.8
0.5 2x108% 9.5 3356 18
1.0 2x105 8.6 220 18
5.0 2x105 7.0 63 20
0.2 100 .6 440 16 5.5
0.5 100 .6 194 20
929 G10 Fulgor Cavi 0.0 - i 405 32 33
Insulation 0.2 3000 .3 244 38 5.6
0.5 3000 .9 161 43
1.0 3000 .9 42 48
0.2 100 .3 265 32 54
0.5 100 .4 52 39
952 G5 Fulgor Cavi 0.0 - 7 110 34 47
Sheath of 0.2 2x 105 1 77 38 5.9
LEP cable 0.5 2x105 .8 63 41
1.0 2x105 7 48 43
5.0 2x10°% .5 15 59
0.2 100 96 29 5.8
0.5 100 56 33
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EPR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

. Ty — 0 CERN MATERIAL No. 409
+ 4
i F c MATE RIAL [PR
L ] rvpr LD 3792
L 4 SUCPTHR Cébles de Lyon
Z- 4 Pl MAPKS nsulation
\\ IFST RESUEIS
o L ﬁ\ 1
[ N ] Dose [ VDose [ Tenslie propertles Hardness
3 E rale Sirength Etongation Shore D
3 1 {MGy) | (Gy/H) R (MPa) F (%) H (Negree)
, 4 L o
(§ N a.000 . 94 £ 10 2550 = 286 150 + 00
> r ) a.500 17.10‘ 71 + 16 142.0 £ 17.2 140 1 0.0
¢ ——— O-— .- - 1000 [17%107| 64 + 1.3 121.0 £ 204 130 400
”"O‘ A1o' | weao |10t a7 £ 12 390 £ 55 | 140 4 00
p —~\\% ] e T L
i S ] s
3 q}\ ~ 1 RADIATION INDIX { 1.7% 107 Gy/h ) : 5.9
[ — ]
- O R E
A F RESUITS OF OIER TESTS -
S OXYGT N INDE ¥ (IS0 45R84) NOT MEASURE P
R o CORFOSNAY (DI 70 7472) PASS
10 Led NS | R I
n. ul 1
ARSOREBED DO (r‘._y)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 0" CERN MATERIAL No. an
1 L T T TrTTy TTTTT T
RF 1F MATE RIAL EPR
s ] TYPE Rheyhalon
4 B SUPPLIER AEG-Kabel
| 1 REMARKS Insulolion
TCST RESULTS -
. 1w
: ] Dose Dose Tenslle propertles Hordness
5 ® p rale Slirength Elongalion Shore D
- A 1 (MGy) | (Gy/H) R (MPa) E (%) H (Negree)
H g . - [~
,ﬁ_‘Q —— ye | 0.000 - | 61203 4328+ 669 | 2000
po 1 0500 | 75%10 | 62 + 0.1 180.0 + 226 260 £ 00
1000 F2Svi0 | 7.3 + 0.2 10%0 + 9.7 300 100
W s A il Eal BTN BRI LN LA
[ & 3
P - —— ] RADIATION INDEX { 2.5x 10" Gy/h ) < 5.7
[ O R
4t RESHIIG OF OTHIR 11 STS
[ o M OXYCEUN INDE (IR0 45RQ) NOT MEASURED
Y o CORROTIVITY (1IN~ 2472) PASS
i L PPN | NPT BT)
7
K3 6 ’
0 1 10

ARORRED DOT (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10" . SS— N | CERN MATERIAL No. 412
[ 4
P FE iF MATE RIAL EPR
1 ] TPE Rheyhaton
4 SUPPIIER AEG-Kabel
! i RFMARKS Sheath
L |
ST RESULTS ¢
By Q— 5 et
1w L 10
[ ] l)osreT Dose ) Tenslle properties ) Hardness
o —O R role Strengih Elongalion Shore D
/@"——— \ ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ok - - _ _ - e
o § A o |00 | - 1 B3xoi) 13204 o1} 270400
o ) 0.500 {2.5x10°| 9.8 £ 0.3 930 + 45 | 30400
1000 125x107] 106 £ 0.1 7504 35 RN 4 0.0
w P S e—--—"‘""'—(D 110" | s000 {25x107 107 £ 1.3 250 & 35 510 + 0.0
- ] e e
1 1 RADIATION INDPY ( 2.5x10° Gy/h ) : 6.0
L o R i
a r PESUTS OF OTHER T0STS
o H OYYGH N INDEX(IR0) 4589) NOT MLASURFD
n o COREOSMTY (DN 57472) PASS
10 4 2 1 v v aaat 1 Lol 10
a9 - ’
n " mn 10
AL ORI DY DO ((‘,y)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
3 3.
10 . T —— CERN MATERIAL No. 433
I r MATERIAL EPR
] TYPE 840 - Insuiation
F 1 SUPPLICR SILEC
| 4 REMARKS )
\ TLST RESHITS
s 1
[ ] Dose Do.se Tenslle properties Hardness
+ E rale Sirength Elongalion Shore D
i é h (MGy) | (Gy/H) R (MPa) F (%) H (Degree)
(‘\’Q ,,,_.,__’—§\ o pe | 0000 - 72 4+ 08| 4896 + 162 | 2204 00
o : 1 0.500 | 1.7x10 63 + 05 24R0 11463 7236 1 43
.| 1o 1.7x10°{ 51 + 08 211.2 4 353 220400
w L _]w { 5000 | 1.7x10°| 6.4 £ 0.5 336 + 46 | 300+ 00
Y o \
1 2 \q) P b RADIATION INGEX ((1.7x10° Gy/h ) @ 5.7
@ R h
& F | RESULTS OF OTIIR TESIS ¢
© H OXYCL N INDEX(150 4589) 210 %
R o CORRORNITY (DIt) £7472) PASS
1mn A N o1l " P 10
0 1w 10’

A OERLD Do (Cy)
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DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10" S— — e 10 CERN MATERIAL No. 442
P E e MATERIAI EPR
[ ] ™YPE Sheath 772
E SUPPLIER Cablexporl / CEAT
L J Rl MARKS SPS cobles  (P)
i
\3&\ TEST PISUITS
1 L \5\ 1
i \\ 4 Dose Dose Tensile propertiss Hardne'ss
- A 4 rale Strength Elongation Shore D
i 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
| ] - .
N o o pe | 0000 | - 75 £ 0.2 | 25284 200 | 190 4 00
>4 -— T 1 0500 [ 1.7x10°| 7.4 ¢ 0.3 150.4-:+ 154 21.0 4+ 0.0
, | 1000 1.7x10°| 80 + 05| 10802 94 | 190 4 0n
' | 410" | 5.000 f17x10°] 69 + 05 490 38 | 220 400
P ———0 o ] o
b T~ 1 RADIATION INDEX { 1.7x10> Gy/h ) : 5.8
L o & ]
at RESILTS OF OTHFR TESTS
o H OXYGE N INDLX(I50) 4589) NOT MEASURID
o o CORROSIMIY (DIN 57472) PASS
10 LA 1 1 a3 v gaal 2 Lot a3 133 10
rid
0. e 1o 10’
ABWORBLD DOSC (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44
o S— et peepres 10° CERN MATERIAL No. 443
R F it MATLRIAL £PR
! : TYPE. Insulation 773
L P SUPPUINR Cablexport / CEAT
| 4 REMARKS SPS cables (P)
. . ]
\ TEST RESULTS
o L |
L : —_
[ ] Dose Dose Tensile properties Hardness
I 1 rale Sirength Elongation Shore D
I b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0 o pe |0000 | - | 62x03| 2168% 121 | 170100
> & — ] as500 [17x107) 6.1 4+ 03| 1264+ 67 | 170 400
P e ——— - e
® 1000 |1.7x10°] 59 % 0.3 992+ 59 | 1604 0.0
w' L 410" | 5000 [1.7x10°] 76 & 02 544 £ 22 | 200400
F e ] T I
@ - D : RADIATION INDFX { 1.7x10° Gy/h ) : 5.8
] O R 1
at | RISULTS OF OTHER TESTS :
oM OXYGIN INDE X(I50 4589) NOT MEASURED
o o CORKOIMTY (DIN 57472) PASS
140 A " s ovoaoga gl " Ao a e aab 10
77
n i 7
8] n 10 10
ARCOPRE D DOSE ()
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
g —— T CERN MATERIAL No. 464
=] iz~ MATEZAL . EPR
j TYeE N 909
4 SUPPLIER Cabieries de CCSSONAY
4 REMARKS Insulation (P}
\A\B TEST RESULTS
WL - et
- ~ -
[ \ ] i Dose : Dose Tensile properties } Hardness 11
F ~ 1 i ! rale | Strength i Elongation 3 Shore O
: SN || oy @/l R () | H(Degree)
I 1 ; T 1
x jo | 0000 — 192203 29282100 150%00
= s 1 | 0500 | 17x107| 7.5 £ 06 [ 1504 = 73 | 160 %00
¢ {1000 [1.7.10°] 7.3 % 03] 3232 = 87 | 160 £00
1 1 i |
10y 10" | 5000 '.,7x105i 77 + 06 376 £ 35 | 250 £00
T ———a ] ‘
i ] RAGIATION INDEX { 1.7x10° Gy/h ). 57
{ O R 4
- ]
i | RESULTS OF OTHER TESTS -
o - OXYGEN INDEX(ISO 4589) : 32.0 %
o o CORROSIMITY (DIN 57472) PASS
10 .| . b ooy aaal " PR R RSN 10
77
9. 1o° 10
ABSOPEED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, {EC 544
3 3
0 — s 10 CERN MATERIAL No. - 465
RF jEH MATERAL : EPR
s ] TYPE © NI 913
L : SUPPLIER . Cableries de COSSONAY

REMARKS  : Sheath  (P)

TEST RESULTS

w {1
[ ] Dose Dose Tensile propertles Hardness
+ 4 rote Strength Elongation Shore D
I b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
gc_) pe 0.000 - 79 £ 06 2200 £ 75 19.0 £ 0.0
>4 . 1 0.500 {1.7x10 72 £ 05 136.0 £ 6.9 20.0 £ 00
1.000 L7x105 6.9 £ 05 1008 £+ 7.7 210 £ 00
w0 —{10' | 5000 | 1.7x10°] &5 + 04 360 £ 49 | 330 +0.0

RADIATION INDEX { 1.7x10° Gy/h ) : 59

Fa'
Y
PSR A S

T

I o R
b ~ -
&t | RESULTS OF OTHER TESTS .
S M OXYGEN INDEX(ISO 4589) . 420 %
. CORROSIMITY (DN 57472) PaSS
10° Lea NN | NN
77
5 3 b
[¢] 1) 10 19

ABSCREED DOSE (GCy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON (NSULATING MATERIALS, IEC 544

[ S— : et CERN MATERIAL No. 466
R F 1r = MATER AL EPR
L 4 =
[ ] Tveg NI 1058
- 4 SUFPLIER Cableries de COSSONAY
i ] REMARKS Sheath  (P)
TEST RESULTS
0 L 4
[ 1 Dose Dose Tensile properties Hordness
I 1 rate Strength Elongation Shore D
i i 1 (MGy) | (Gy/H) R (MPo) £ (%) H (Degree)
g 1
& _—————9—0/’0 pe | 0000 | = 110003 2752+ 52 | 180200
=26 1 0.500 | 1.7x10 85 + 0.5 149.6 + 5.4 19.0 £ 0.0
| 1000 1.7x10°] 81 £ 07| 1072+ 52 | 19000
10'@ —— a5 110" 1 5000 j1.7x10%] &85 = 1.1 400 £ 1.3 | 240 £0.0
s 1 RADIATION INDEX ( 1.7x10° Gy/h ) : 5.8
L o & ]
] & & RESULTS OF OTHER TESTS :
© OXYGEN INDEX(ISO 4588) 320 %
o o CORROSMTY (DIN 57472) PASS
10 Led N | . L3 10
0. 10 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" — ey 107 CERN MATERIAL No. 458
R iE MATERIAL EPR
: TYPE Insulation
+ SUPPLIER Cablexpor{ / Pirelli
P J REMARKS ISR L.V DC mognet cobles (P)
TEST RESULTS
ran — 10°
o -
X : Dose Dose Tenslle properties Hardness
3 E rate Sirength Elongation Shore D
i h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
it | p
o ye | 0000 - | 39 £05]| 3600+ 106 [ 200 £00
=¢ - ] 0500 | 1.7x10°] 4.2 + 03| 1340 + 108 | 21.0+040
‘ 1.000 [1.7x10%] 55 + 05 760+ 55 | 250040
' L —J10' | sac0 [ 1.7x10%] 104 £ 09 210+ 22 | 500400
F 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
[ ]
b o —O ]
| at ] RFSULTS OF OTHER TESTS :
© H OXYGEN INDEX(iSO 4589) 270 %
R o CORRORMTY (DIN 57472) PASS
1mn //A i a3 4 s aagl a2 222 )
a0 10° 10’

ADCORBED DOSE (Ny)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

MPa

o
LT

T TTY

edddd L

]

n

R |

O R
| A E
L e ]
]
10 /rL N e oaa sl M ——a
g. 10 10

ABSORBED DOSE (Gy)

1

10

10’

¢}

CERN MATERIAL No. 474
MATE RIAL EPR
TYPE Insulation 4
SUPPLIER GORSE
RFMARKS used as SPS power cobles

TEST RCSULTS

Dose Dose Tenslle properties Hard-r_;oss
rote Strength Elongalion Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Negree)
0.000 T 44 + 0.1 3080 £ 11.7 130 £ 0.0
1.000 |1.7x10 56 + 0.3 97.6 + 149 220 £ 00

RADIATION INOEX ( 1.7x10> Gy/h ) < 6.0

RESULIS OF OTHER TESTS :

OXYGIN INDLX(1SO 4589)
CORROSMIY (DIN 57472)

270 %
PASS

DETERMINATION OF EFFECTS ‘OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 0
— ————rrrrrT r
R} 1E
! ]
i \A 1
of e
o 4 —& Jee
=
10 L i T
s 3
44 —0 ]
L o ]
S J
F e M 1
100 L I | PR R Tt
77
0. 10 10° 10/

ABSORBED DOSE (Gy)

CERN MATERIAL No. 475
MATERIAL EPR
TYPE Sheath 501
SUPPLIER GORSE
REMARKS used as SPS power cobles

TEST RESULTS

Dose Dose Tensile propertles Hardness
rule Strength Elongation Shore D
{(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 T 57 £ 0.2 1128 £ 59 230 + 00
1000 | 1.7x107| 58 £ 0.6 632 + 59 240 4 00

RADIATION INDEX ( 1.7x10° Gy/h ) : 6.0

RLSULTS OF OTHER TESTS :
OXYGEN INDEX{IS0 4589)
CORROSIMITY (DIN 57472)

270 %
PASS
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

L e —rmyerrrrs 10 CERN MATERIAL No. St
R 1E MATE RIAL E€PR
] TYPE 1053
] SUPPLIER Pirelli
E REMARKS ISR cables 12/80
[ ]
TEST RESULIS -
W L e
[ ] 7 Dose ‘Doss ___Tensile properties Ha:dn_e_s;—
- 4 rale Strength Elongation Shore D
i h (MGy) | (Gy/H) R (MPo) E (%) H (Degree)
- i } _— —j LT
N pe | 0000 - 727 £ 03| 2533 &£ 220 | 145 00
=0 — 1 0500 [1.7410°] 7.0 £ 02| 1504 2 22 | 150 100
¢ ————o—"o 1uo | 1.7<10° 64 % 0.4 1034 t 48 160 1 00
1 3
10' L —J 10 | 5000 [1.7x10° 45 + 1.4 264 £ 109 | 200 100
¢ - 3 — T
g \*9\@\ : RADIATION INDEX { 1.7x10% Gy/h ) : 5.8
- §
aE | RESULTS OF OIHER TESTS
& H OXYCE N INDFX(I50 4589) 200 %
. o CORKOSIMTY (DIN 57472) PASS
10 e N | et e asd] 10 )
77 ;
0. W 10° 10
ARSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" S ey 10° CERN MATERIAL No, 555
R e MATERIAL EPR
] TYPE G 5 Insulation
L SUPPLIER Fulgor Cavi
] ROMARKS P
TEST RESULFS ;
WL J1id
[ ]
[ ] Dose Dose Tenslle properties Hardness
3 4 rale Strenglh tlongation Shore D
3 h (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
& .4 pe | 0000 -~ ] 38 +01] 40724173 | 140100
s>t ] 0.500 |20x10/| 32 & 02 | 198.4 + 24.3 145 + 0.0
3 O— , | 1000 J20x107} 3.4 k03 1088 + 4.4 150 + 00
10 L |10 | 5000 [20x10°] 7.1 £ 0.3 272 & 3.3 | 285 400
[ 4] ] .
- . RADIATION INDEX ( 2.0x10° Gy/h ) < 5.7
| st ] RESULTS OF OIHER TESTS :
e H OXYGEN INDLX(ISU 4489) 240 %
o o CORROBIVITY (DIN 57472) PASS
10 s A " s szl i rarararwere B
77
a. 10° 1d° 10

ABSORBLD DOSE (Cy)




EPR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 S —— ———rmrmrrrr 10 CERN MATERIAL No. 556
RF it MATERIAL EPR
[ ] TYPg G 5 Sheath
L 4 SUPPLIER Fulgor Cavi
v 3 4 REMARKS Used for SPS Al power cable
TCST RESULTS :
1w L |
I ] Dose Dose Tenslle properties Hordness
L E rate Strength Elongation Shore D
i h (MGy) | (Cy/H) R (MPa) E (%) H (Degree)
o je | 0000 ~ | 59 %04 2904+ 303 | 170200
S 4 ) 0.500 | 2.0x10 6.1 £+ 0.2 1240 + 69 19.0 £ 0.0
| , | 1000 2.0:102 6.3 £ 0.3 856+ 6.1 | 220200
10| 10 | 5000 |2.0x10°| 9.0 % 0.4 288+ 18 | 420 400
63] —-——-—-@——'@/_@ 1 RADIATION INDEX ( 2.0x10° GCy/h ) < 5.7
[ O R )
SR .
| RESULTS OF OfHER TESTS :
o H OXYGEN INDEX(ISO 4588) 320 %
0 o CORROSMTY (DIN 57472) PASS
10 s 4 i L3 1 a2 aagl i A+ 1221310
77
0. 10 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
[— S— ety 100 CERN MATERIAL No. 559
i 1 MALE IIAL EPR
] 1YPE 21D 33 OF /1
; SUPPLICR Piralli
I - RE MARKS Sheath (P)
TEST RLSULTS :
2 2
wp —{w
[ ] Dose Dose Tonsllc_ properties . Hardness
d 1 rote Strength Elongalion Shore D
- 1 (MGy) | (Gy/H) R {MPa) E (%) H (Negreea)
a N ye | 0000 - 404 03| 35704 60 | 205400
>¢ > \% 1 0506 {2.0x10°| 30 + 01| 1112 £ 266 | 2104 00
, | 1000 20x10°| 35 + 00 624 + 96 | 2154 00
10 L w0 | 5000 |20x10%| 84 + 08 168 £ 33 | 435 400
F ] L
. : RADIATION (NDEX ( 2.0x10° Gy/h ) < 5.7
® ]
] & E ] RESULES OF ONHER TESTS ¢
® H OXYGIN INDLX{ISD 45889) 310 %
0 o CORROSMITY (DIN 57472) PASS
vy LA A L s s gagd AT Te I 1Y)
77 ;
o0 1 10

ABSORBID DOSL (Cy)
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DETERMINATION OF

EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, [EC 544

3
10y

1o . ———— I CERN MATERIAL No. 561
i f i MATE IKIAL EPR
r ] et
] SUPHUER CEAT Cavi
A REMARKS from oluminium cabie 1950 mm2
\L\ TSl KESUTS
11‘)’ = _— 102
E \ T Dose Do;e— T Tensile properties Hardness
. 4 rate mgt—v:;tj'h Elangalion Shore D
~a b (MGy) | (Gy/H) R (MPa} E (%) H (Degree)
ff\) | //“‘0 e U.000 - . 32 £ 02 280.0 + 209 180 Lt 00
> e S n,ﬁqo 20x10 1 34 % 0.2 1720 £ 202 160 1 0.0
Y.000 | 2.0x 1D 5.8 & 02 1170 4 v/ 2 160 t 00
w' L 1o | auou {zox10™| 55 4 05 40.0 £ 15 250 H QU
- h 5
; _—@ ] RADIAHON INDE X { 2.0« 107 Cy/h ) : 58
b .—/ -
o R o
o € )
RESULLS OF OTHER TESTS ¢
¢ H OXYGEN INDI X(IS0 4589) 282 %
o o COFROSMIY (DIM 57472) PASS
10 Lo A PP | v adin
77
a 10 10° 10’
ABSORRLD DOSL (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 T — r——r—rr=rrrry 10 CERN MATERIAL No. 565
R JEH MATERIAL EPR
] TYPE
L SUPPLIER Gorse
4 RE MARKS from Cu cable 4x50 mm?2
, TEST RESULTS
10 L —1d
] Dose Dose _Tenslle properties Hardness
1 raote Strength Efongotion Shore D
<' (MGy) | (Gy/H) R (MPo) E (%) H (Degree)
b 4 bo— — - —
o
a. B 0.000 - s 173 + 0.7 315.2 + 22.2 300 £ 00
2(') - ] 0.500 | 2.0x10/ 130 £ 0.3 1776 £+ 46 3251 0.0
' T | vooo j2oxr0| 140 £ 13 840+ 65 | 3004£00
10 - {10 5000 §20x10 18.2 £ 0.7 160 + 4.0 62.0 £ 00
3 1 - L —
- 1
- ] RADIATION INDEX ( 2.0x10° Gy/h ) : 5.8
® R 1
- 4
A E -
[ | RESULTS OF QTHER TESTS ¢
S H OXYO!I N INDEX(150 4589) NOT MEASURED
W L \ ° CORROSIVITY (DIN ©7472) PASS
"y NN PPN T4
0. 1 10 1w

ABSORBED DOSE (Cy)
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K
11y

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44

| ———rrrrry S T¢) CERN MATERIAL No. 624
H h
< } ] r MATERIAL EPR perpolymaer
[ ] TrRf AT/2
H 1 SUPPLILR Cablexpori (CEAT Cavi)
#: E R MARKS, for high— and mid-vollnge cables
TEST RESULTS
Wl 1o
[ Dose Dose _ Tenslle properties Haordness
5 rote Strength I Elongalion Shore D
i (MGy) | (Gy/H) R (MPo) E (%) H (Degree)
ot DA S NP IS
n -0 0.006) - . 6.7 + 0.1 2420 1 157 140 4 00
=T 0500 | 14x10°| 90 t 0.8 768 + B1 165 4 00
$ 1.000 |1.4x10%]| 109 0.7 276 4 26 2254 00
w' L /Q/Q\ 10' | s.a00 [1.4x10°] 50 £ 10 84 4 57 | 240400
C? RADIATION INDEX ( 1.4x10° Gy/h ) < 5.7
F O R
- .
| ] RLSULIS OF OTHIR TESTS :
& H OXYGUN INDTX(1S0 4589) NOT MEASURLD
o R CORROSIVIIY (DIN 57472) PASS
1 Led NS | RS R 1)
77
0 10 1w 10’
ABSORBLED DHOSE (1Hy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 R
W S e 10 CERN MATURIAL No. 625
I¢ s i I MALE KIAL EPR copolymer
I | TYPL AT/3
3 4 SUPPLH R Cublexport (CEAT Caovi)
RLMARKS (P)
TEST RELUI IS -
i
] Dose Dose Tenslle properties o Hardness
E rate Strenglh Elongation Shore D
h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
o 0.000 -~ 7.5 £ 0t 3250 &£ 949 135 £ 00
] 0500 {1.4<10°| 59 4 0.4 916 + 95 | 1354 00
1000 {1.4x10°| 50 £ 0.8 276 £ 61 170 1 u o
"L 410" | suo0 [ 1ax10®] 36 % 0.8 178+ 27 | 165400 |
[ 1 S S - .
& — ] s
1 —D \@ . RADIATION INDEX ( 1.4x10° Gy/h )} < 5.7
i — ]
- O R \»_‘ ~
| st ] RESULTS OF OLILR 10515 -
o OXYGEN INDE X156 45K89) 180 %
o o CORR MY (Did 5/472) PASS
10 LA i N A EEree | i Loas o223 V0
7
o 10 1w

ABZORBED DOLE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 108 CERN MATERIAL No.  : 626
T T T,
RF ] £ H MATERIAL  : EPR
F ] 1YPE . 4/957 Sheath
5 B SUPPLIER @ Coblexport (CEAT Cavi)
5 B REMARKS  : (P)
4 TEST RESULTS
w0 L RN
[ ] Dose Dose Tenslle properties Hardnass
- - E rale " Sirength Elongation Shore O
i 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
s | R
D?Q Jse | 0000 - | B9 to03| 1604+ 71 | 215200
> 0500 | tax10°f 110 £ 09 61.2 £ 166 | 355+ 00
1.000 { 14x10°{ 142 £ 05 216 + 36 | 500 £00
10' \2 410" | 5000 |vax10®} 123 £ 1.3 100 £ 1.4 | 570 %00
@ ]
: % RADIATION INDEX { 1.4x10° Gy/h ) < 5.7
F o Rr :
! a4t | RISULTS OF OTHLR TESTS ¢
o H OXYGEN INDEX(IS0 4589) : 300 %
CORROZIVITY (DIN $7472) :  PASS
10" L. ol NPT T
77
0. 100 10° 10

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44

10' — e 10 CERN MATERIAL No.  : 682
R} ¢ MATERIAL  : EPR

[ ] TYPE . Rheyhaion

- 1 SUPPUER . AEG—Kubel

L p REMARK;  :  Pawer cable insulation (P)

TEST RESULTS

04 1o

[ % Dose Dose Tenslls properties ) Hardness

i < k rate Sirength Elongation Shore D

I h (MGy) [ (Cy/H) R (MPa) E (%) H (Degree)
o 4 |- -— ———
0 xe 0.000 - 91 £ 0.2 1100 + 6.1 30.0 £ 0.0
- 1 0500 |19x10°| 97 £ 10| 5604 95 | 340 Loo0

. . 1.000 |.9x105 98 + 1.4 340 £ 55 360 4t 00
10(:5 _W/ 410" | sove [1exiv®| 1a0 2 1.3 140+ 1.4 9304 0.0
3 —_—l

[ ] s

1 h RADIATION INDEX ( 1.9x10° Cy/h ) : S.7

L o R 4

A | : i .

| i RESUET: OF OtHt R TESTS -

© H OXYGIN INDEX{ISO 4989) : 250 %
0 ° CORROSIVITY (DIN 5/472) @ PASS

10 Lot s sl s vaaatio

5
0 1 10’

ABSORBLD DOSL (Gy)
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EPR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 ey — vy 10 CERN MATERIAL No. 683
IR E ] F MATE KIAL EPR
L ] T Rheyhalon
| 4 SUPPLIER AEG-Kobel
| . RF MAIKS Power cable sheoth (P)
& ST PESULYS
N — o
r 3 - .
r & f Dose Dose |  Tenslle properties Hardness
- E rafe Strenglh Elongation Shore D
e —— ] (MGy} | (Gy/H) | R (MPo) £(%) H (Degree)
) —_— B e e — -] ———
0 Lo 0.000 - | 27 £0a 1620 £ 5.7 29.0 + 00
=71 g 1 0.500 | 1.9x10_| 125 4 0.4 795 £ 5. 370 1 00
& — , | 1000 [19x1071135 + 0.3 650 + 00 38.0 4 00
1
100 — —]10 | 5000 }19x107| 192 4 0.9 170 £ 2.7 57.0 £ 0.0
s 1 RADIATION INDEX ( 1.9x10° Gy/h ) < 5.7
- 1
o R 4
- -4
At ] RESULIS OF OTHER TESTS :
o OXYGEN INDEX(150 4589) 352 %
N o CORROSIVITY (DIN 57472) PASS
10 /1,1 — AT A ETe | " L s agald )
T 10° 10
ARSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
w0 S e 10° CERN MATERIAL No. 730
]
! — e 1 E MATLRIAL EPR
! ] TYPE Rheyhaton
| : SUPPLIER AEG-Kabel
L - REMARKS Power cable sheath (C)
] TEST RESULTS -
& .
Dose Dose B -__I_enslle properlies Hardness
|07 - —] 102 rate Strength Elongation Shore D
o ] (MGy) | (Gy/H) R (MPa) E (%) H (Degres)
[ ] 0.000 - 63 L 02| 1840+ 3B | 250+ 00
: 1 0500 |18.10%| 82 4 02 790+ 58 | 360100
ot 1 1000 |18x10°| 87 1 05] 590+ 14 | 400400
o e 1 :
= 0.000 - 6.3 + 0.2 1840 £+ 38 75.0 £ 0.0
, 0.500 oo | 61 0.3 855 + 6.2 40.0 1 0.0
10 L o t— —- - -
o -
é " ] RADIATION INDEX { 1.8x10% Gy/h ) < 5.7
r o ] RADIALION INUEX ( 1000 Gy/h ) < 5.7
- 0 e
A E A
L ] RESHLIS OF OTHER TESTS
OXYLEN INDE X150 4589) 323 %
1 o CORROLE (TUbE 5 1472) PASS
1L P N PP T
0 l():' 1()6 m'

AR CRBED DOSE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 —— e 10 CERN MATERIAL No. 736
[ e SHORT-T{RM
R [ o LONG-TERM : E MATERIAL EPR
i ] TYPC sheath of power caobie
! . SUPPLIER Pirelli
i 4 RIMARKS CERN store (c)
i ] TEST RESULTS -
Dose VDose Tensile properties Hardness ]
1[)z L — 102 rate Sirength Elongation Shore D
E (MGy) | (Cy/H) R (MPa) E (%) H (Degres)
[ ] 0000 - 34 £ 02 2650+ 209 | 31.0 400
. 1 0500 | 1.8x10° 4.3 + 02 520+ 2.7 | 490 40.0
ot - 1000 [18x10°] 55 £ 02| 320% 11 | 550400
a | 1pe E
=2 0.000 - 34 £ 02| 2650+ 209 | 31.0 400
\ , | 0500 | 1000 | 47 %01 280+ 1.1 50.0 4 0.0
10' L o .
r ] RADIATION INDEX ( 1.8x10° Gy/h ) < 5.7
[ _Mpéﬁ/. ] RADIATION INDEX { 100.0  Gy/h ) < 5.7
A E ’
! ] RESULTS Of OTHER TESTS :
OXYGEN INDEX(IS0 4589) 328 %
o 0 CORROSMTY (DIN 57472) PASS
10 ! i £ a2 2 aaal M a1 aa3 110
77
0. 10° 1d° 10’
ABSORBED DOSE {Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 U CERN MATERIAL No. 737
R SR TR MATERIAL EPR
] TYPE tnner sheath for power cable
. SUPPLIER Pirelti
J REMARKS CERN store ()
| TEST RESULTS :
Dose Dose Tensile properties Hardness
10? - - 102 rale Strength Elongation Shore D
(MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
[ ] 0.000 - 20 £01| 350+ 67 | 230400
H 4 0500 |.ax1o: 32400} 1300+ 71 | 390100
ot . 1000 | 1.8x10°] 38 + 0.1 820+ 67 | 420400
al {5
= 0.000 - 29 £ D1 ] 3520% 6.7 | 23000
\ , 1 0500 | w00 | 31 %00 1650 £+ 9.4 | 380400
10" | i RT)
| ] RADIATION INDEX ( 1.8x10> Gy/h ) < 5.7
- -
[ ] RADIATION INDEX ( 100.0 Gy/h ) <57
F O R A
0o —z 1
i RESULTS OF OVHCR TESTS
OXYGEN INDEX{ISO 4589) NOT MEASURLD
CORRO LMY (DIN 5747 PAS
w’ A Y | T R 1< CORRO=MIY ( 2 s
. 10 1ot 10

ABSORBCD DOSL (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544

f— — gy 10° CERN MATERIAL No.  : 760
[ s ]
2 F :'(')'::(”IL'L':‘“ iE MATERIAL @ EPR
AT - . 1 TrPE
8 4 SUPPHIER  © Nuova Fulgor Cavi
4 RUMAIKS  : Insulation for 20 kV cable (LEP) (P)
] ST RESULTS ¢
Dose Dose l_’eqsiie properlies Hardness
] lDz rate Strength Elongation Shore D
(MGy) | (G6y/H) | R (MPa) £ (%) H (Degrae)
] 0.000 - | 48 £03 ) 5200 & 162 19.0 1 00
1 0200 |1.7x107 47 £ 04| 3600 t 177 155 £ 05
1 0500 [1.7x10°| 34 k02| 1908 £ 185 | 165400
{82 1.000 l.7x1U; 3.3 & DA 124.8 & 131 16.0 + 0.0
5.000 | 1.7x107| 50 + 0.2 328 + 11 23.0 £ 00
e o o
— % | o.ono - 48 1 03| 5200 + 162 19.0 4 0.0
] 6.200 | 1000 [ 51 £ 0.1 4228 + 6.4 16.1 1 1.0
1 0.500 1000 | 2.7 £ 00 1832 4 195 14.34 06
] RADIATION INDEX ( 1.7x10° Gy/h ) : 55
RADIALION INDEX ( 100.0  Gy/h ) : 5.4
4 0
1 L e trde—t—ttaad 10 RLSULTS OF OTHER TESTS
0. 10° 19° 100 OXYGEN INDEX(I50 4089) :  19.0 %

ABSORBED DOSE ({-7)’) CORROSIMITY (DIN 57472) 1'ASS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10° , S—— ety 10 CERN MATERIAL No. : 767
=
R ——siom-iten g MATERIAL  : EPR
— ] vPE : 36
E SUPPLIER @ Lynenwerk
J REMARKS  : Insulation for 1~3 kV cable | FP (P)
| ] TEST RESULTS :
Dose Dose - ) Tensile properties Hardness 7
107 » -] l()z rate Sirength Elongation Shore D
s : (MGy) | (Gy/H) R {MPa) E (%) H (Degree)
[ ] 0.000 - 59 £ 04| 27604 11.7 | 240400
: 0200 |1.9x10°| 54 £ 01| 1725+ 115 | 264 405
o . 0.500 |.9x10: 56 + 01| 1152 + 121 | 270 1 00
o] e 2500 [19x107) 62 £ 0.2 676 + 155 30.0 1 0.0
. , | 0ooo - 59 + 0.4 | 2760 + 11.7 | 240 £ 00
101 —410 | o200 | 1000 ]| 38 % 0 900 + 37 | 321107
q . 0.500 | 100.0 | 49 + 0.0 468 £ 78 | 365105
¢ ] =
L o i RADIATION INDFX ( 1.9x10° Gy/h} : S5
L p RADIATION INDFX ( 100.0 Gy/h) <53
A E
- -
o 0 RISULTS OF OTITR TESTS :
107 L e Sl OXYGEN INDEX(150 4589) : 299 %
0. 10 10° 10 CORKOSMITY (DIN £7472) :©  PASS

ABSORBLD DOSL (Cy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 ——r T e 10 CERN MATERIAL No. : 806
R M MATERAL  : EPR
- ] TYPE : Rheyhalon
- SUPPLER : AEG-Kobel
p REMARKS  : Insulation (P)
| TEST RESULTS :
Dose Dose Tensile properties Hardness
102 - . 102 rate Strength Elongation Shore D
s E (MGy) { (Gy/H) R (MPa) E (%) H (Degree)
I ] 0.000 - 65+ 0.1 | 3750 + 136 | 210 4 0.0
- - 0.200 [ 1.7x10°] 70 £ 0.1 | 2440 £ 374 | 232 1 06
of . 0500 | 1.7x10°| 7.2 £ 0.1 950 + 38 | 24.0 + 00
a | s 1.000 1,7xlo: 7.6 + 0.1 632 + 33 | 260 %00
= 5000 | 1.7x10°[ 117 £ 0.4 | 224+ 09 | 4201 00
1 1
0L — % | 0.000 - 65+ 01 3750 % 136 | 210 £ 00
‘ ] 0200 | 1000 | 6.1 + 34| 1520 + 17.7 | 255 + 06
q ] 0500 | 1000 | 9.1 + 0.2 432+ 18 | 293+ 08

i 0

i i RADIATION INDEX ( 1.7x10° Gy/h ) : 5.4
a RADIATION INDEX ( 1000  Gy/b ) < 5.3

10° Lot 1 ' 10°
77 S — e RESULTS OF OTHER TESTS :
0. 10° 10° 10’ OXYGEN INDEX(ISL 4588) : 29.2 %
- N 7477 : P
ABSORBED DOSE ((-7)’) CORROSMITY (DIN 57472) ASS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULA"NG MATERIALS, IEC 544
10 S e 10Y CERN MATERIAL No. : 807
R F —— ShoRr-tFeM 3 ¢ MATERIAL . EPR
L — ] TYPE :  Rheyhalon
I - SUPPUER : AEG-Kabel
s g REMARKS, . Powar cable sheath (P)
= 1 Test resuLts -
A Dose Dose Tensile properties Hc';;dness
1()2 = -] 102 rate Strength Elongation Shore D
E S (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[ ] 0.000 - | 87 %01 1600+ 136 | 20000
- - 0.200 | 1.7x10°] 69 + 0.1 948+ 44 | 535105
ol 1 0500 [1.7x10°] 11.2 + 0.2 904 4+ 22 | 37.0 4 00
a. | Iye | 1000 1.7)(10: 132 £ 0.2 600 + 28 | 41.0 400
= 5000 {1.7x10°| 20.3 £ 1.6 160 + 00 | 60.0 £ 0.0
1 1 -
0 L —4 19 | c.000 - 87 + 01 ] 1600 + 136 | 290 + 0.0
] 0200 | 1000 [100 £ 03| 1024+ 96 | 360 +0as6
- 1 0500 | 1000 | 104 £ 0.2 704+ 30 | 395406
L o R ]
| ] RADIATION INDEX ( 1.7¢10° Gy/h ) : 58
At RADIALON INDEX { 100.0  Gy/h ) : 55
° L2 ! 1
10" Lo A ] 10 RLSULTS OF OIHER TESTS :
0. 10° 10° 10’ OXYGEN INDLX({150 4589) : 43.3 %
. . ROSMIY (DIN 57472) :  PASS
ABSORBED DOSE (Gy) CORROMIY (UIN 5/472)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544

10— ———rrrrry S CERN MATERIAL No. 808
R ¥ —-—l‘gg"f";;f“‘ ] E MATF RIAL EPR
+ ; TYPE Rheyhalon
A E SUPPLILR AEG-Kabel
3 E REMARKS tnsulation (P)
] TEST RESULTS -
, Dose Dose - Tensile properties Haordness
10 |- — 'I(J2 rofe Sirength Elongation Shore D
i ] (MGy) | (Gy/H) R (MPa) E (%) H (Daegree)
[ ] 0.000 - 7.7 £ 0.4 4160 + 463 | 150 00
- 1 0200 [ 1.7x10°| 52 £ 03| 2215+ 34 | 175+ 04
ol 0500 | 1.7x10°] 65 £ D3| 1816 4 92 19.0 £ 00
! ise {1000 {17x10°| 59 £ 01| 1112 %137 | 200400
5000 | 1.7x10%| 6.7 + 0.1 280 + 1.4 | 3004 00
1 1 - -
0 b —{ 10 | 0.000 - 77 £ 04) 4160 & 463 | 150 £ 00
Q . 0200 | 1000 | 7.8 4 08 908 + 132 | 266 £ 04
i ] 0500 | 1000 | 75 + D.4 448 + 33 | 209 407
L o i :
b A e . RADIATION INDEX ( 1.7x10° Gy/h ) : 5.3
RADIATION INDEX ( 1000 Gy/h ) <5.3
o o
4 i A4 Az e PUN U Y
10 Ly : 1 : 10 RESULTS OF OTHER THS1S
0. 10 10 10’ OXYGLN INDEX(1SO 4589) 242 %
ABSORBID DOSL ((;y) CORROSIVITY (DIN 57472) PASS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
L — ———rrrrrry 10 CERN MATERIAL No. 809
R — SHoRy _TrAu e MATERIAL EPR
] TYPE Rheyhaton
4 SUPPLIFR AEG-Kabet
' L REMARKS Insulation (> 6kv) (P)
| \&\1 TEST RESULIS :
Dose Dose Tensile properties Hardness
102 L ._.1 IO’ rate Sirength Elongation Shore D
s 4 {MGy) | (Gy/H) R (MPa) E (%) H (Degres)
- -5 —-d
r =
i ] 0.000 - 144 + 03| 2936 £ 189 | 250400
1 1 0.200 | 1.7x10°] 9.6 + 05| 1484 & 132 | 250 £ 06
ot 1 0500 |1.7x10°] 121 £ 09 | 1238 £ 8.1 250400
ol Ise | 1000 [17x10%| 104 £ 1 788 £ 48 | 250 £00
= 5000 | 1.7x10%| 86 + 02 200 + 00 | 33.0 400
IQ 1
0 | — 0 | 0.000 ~ 144 2 03| 2936 + 189 | 250 £00
[ ] 0200 | 1000 | 129 £ 05| 2024 & 13.0 | 254 4 0.4
i 1 0500 | 1000 | 124 £ 06| 1620+ 98 | 263407 |
1 O R T s
| g RADIATION INDEX ( 1.7x10° Gy/h ) : 53
a t RADAIIDN INDEX { 100.0  Gy/h) > 5.7
\+] Q
107 L ettt e 1 10 RESULTS OF OTHER TFSTS -
o 10 10 10’ OXYGEN INDE x(150 4589) 185 %
CORROSIMTY (DIN 5/472) PASS,

ABSORBED DOSE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

MPa

. S — v 10 CERN MATERIAL No.  : 818
et 1E MATERWAL  : EPR
- ] TYPE : Insulation 154
4 SUPPLIER . Roque
- REMARKS . (P)

TEST RESULTS ¢

Dose Dose Tensile properties Hordness

- — 102 rate | Strength Elongation Shore D
(MGy) | (Gy/H) | R (MPa) E (%) H (Degres)
! ] 0.000 - 6.7 £ 0.1 1552 £ 7.7 17.0 £ 00
- : 0.500 |1.7x10°| 6.4 £ 03 1032 + 59 170 £ 00
1 1000 [1.7x10°] 69 + 02 784 + 33 | 180400
fye | 5000 |1.7410°| 84 + 06 255 + 1.0 | 250 00

, | 0.000 - 6.7 + 0.1 1552 £ 7.7 | 170 £ 00
- —{ 10 | o200 | 1000} 64 £ 08| 1175 247 | 190+00
b 0700 | 1000 | 68 £ 05 728 + 34 | 220400

RADIATION INDEX ( 1.7x10° Gy/h ) : 6.0
| RADIATION INDEX ( 1000  Gy/h ) : 56

A E
M \ P RESULTS OF OTHER T€STS :
77 E— I — , OXYGEMN INDEX{1SO 4588) : 329 %
10° 10° 10 CORROSMITY (DIN 57472) :  PASS

ABSORBED DOSE (Cy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

' — vy 10 CERN MATERIAL No. : B36

s 1e MATERIAL  : EPR Copolymer

[ ] WNPE : 4~56680 04

s 4 SUPPLIER . Diilwyler

L E REMARKS  : Insulation (P)
A TEST RESULTS :

B 1

! ] Dose Dose Tenslle properties Hardness
g 1 rote Strength Elongation Shore D

I 1 (MGy) { (Gy/H) R (MPa) E (%) H (Degree)
b e | 0.000 - | 74 E04 1380 + 49 | 240 x 00
1 ) 0.500 |2.7x10°| 70 £ 0.5 B92 + 44 | 240 £00

, | vooo 2.7x10°| 75 + 06 696 + 54 | 250100

L 110" | s.000 |2.7¢10°%| 86 £ 1.2 256 + 22 | 350 100
3 ——Hf%’/@ ]

1 1 RADIATION INDFX ( 2.7x10° Cy/h ) : 6.0

o R ]

a E } RCSULTS DF OTHER TESTS :
® H OXYGEN INDEX(ISU 4589) : 400 %
o CORROSIVITY (DIN 57472) :  PASS
s A i as 4 a2l " [P Y 10
rr
10° 1w’ 10’

ABSORBID DOSL (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

i T ———rrrrry S——] CERN MATERIAL No. 884
R ie MATERIAL LPR
L j TYPE Interno! sheath 154
E SUPPLIER Roque
L B REMARKS Taken from ACOl coble (C)
TEST RCSULTS -
W0t TS
[ ] Dose Dose ~_Tensile properties Hard?\ess
3 1 rale Strength Elongaiion Shore D
i ® 1 (MGy) | (Gy/H) R (MPa) E (%) H {Degree)
ol e p—s o= —— -
Q. ~—a yo | 0000 - | 84t 03) 1255+ 62 | 170407
4 ¥ 1. 0500 | 1.7x10°} 73 4 0.) 705 £ 2.1 196 4 1.4
, , | roce [1.7x10%) 74 4 0.4 520 & 27 | 2144 07
10 L 10 | soue |17x10°] 78 £ 10 210+ 14 | 3193107
SE— e, S I "‘“
@ - RADIATION INDEX { 1.7x10° Gy/h ) : 5.8
. !
I 1
at RCSULTS OF OIHER TESTS :
¢ H OXYCEN INDEX(ISO 4589) NOT MEASURED
o 0 CORROSIMITY (DIN 574 72) PASS
10 2 A L e | 1 a0l 10
77
0. 10 10® 10/
ABSORRLD DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
Wt —— U | CERN MATERIAL No. 925
]
R -——fg:'c‘"":l:“ iF MATE RIAL £PR
- ] TYPE 3 Gl 340, crosslinked
[ 1 SUPPLIER kaubelmetol eleciro
L 4 REMARILS Insulotion  (S?)
| 1 TEsT RESUITS
Dose Dose Tensile properiles Hardness
AN 1 rate Strengih Eiongation Shore D
s ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[ ] 0.000 - 75 4 01| 4830 & 228 | 21.03 00
- . 0200 |25x10%] 74 £ 01| 3510 % 156 | 220 4 00
: 1 0500 [25x10°) 69 £ 0.2 | 2590 + 108 | 2304 a0
o 5
w | Jye | rona [25x10°) 63 £ 04| 1760 4 139 | 2404 00
= 5000 [25x10°] 52 1 0.4 340+ 42 | 2704 00
‘ o R
wp —'0 | c.oog - 75 & D1 4830 £ 228 | 21.04 00
® — ] 6200 | 1000 62 £ 03| 2000+ 204 | 23014 00
- —:_é_:-.;‘?\\m 1 070 | 1000 | 54 £ 0.2 5351+ 38 | 280 100
L o & )
] RADIAIION INDI'X ( 2 5x10° Gy/h) - 58
At RADIATION INDEX ( 1000 Gy/h ) < 5.3
- -4
P 1 i
107 L ettt i RESULES OF OTHER TESTS |
0o w 10° 10 OXFGEN INDE X(F1) 4580) 220 %
CORROUMELY (DIN 9 /470) PASY

ABSORBID LOSE (Ty)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3
10

3
10

. ——ry vt CERN MATCRIAL No. 926
N e SHORT TR ]
2 T I MATE RIAL EPR
J et DM 021, crosslinked
+ E SUPFIIER kabelmetal eleciro
s 4 REMARKS Sheath (S2)
i TEST RESULITS
. I Dose Dose _ Tensile properties Hardness
10 L - I()2 rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
! ] 0.000 ~ |1w3x+03]| 5880+ 152 | 180400
I 1 0200 |25x10°] 105 £ D3 4680 + 10.4 180 £ 00
ofl 1 0.500 2.5:10? 95 £+ 05 3350 4 1.2 18.0 £ 0.0
a | fye 1.000 [25x10°| 86 + 0.6 2200 £+ 137 180 + 0.0
= 5000 |25x10°] 70 + 08 630 £ 7.6 200 1 0.0
U 1
10 —4 10 | 0.0n0 - 0.3 + 03| 5880 + 15.2 180 + 0.0
\@ ] 0.200 1000 | 86 £ 0.6 4400 % 235 16.0 £ 0.0
1 i 0.700 1000 | 6.6 % 0.2 1940 + 156 200 £ 0.0 ]
L o 4 R
s 4 RADIATION INDEX ( 2.5x10° Gy/h ) : 58
A€ RADIATIUN INDEX ( 1000 Gy/h ) : 55
0 o
107 LA e Attt d 10 KLSULTS OF OIHER TESTS @
(] 7
a. 10° 10 10 OXYLL L INDE X(150 4589) 220 %
ADBSORBLD DOSE (Cy) CORRO-IMITY (DIN 57472) PASS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10’ ; S e SO ——r T 1¢° CERN MATERIAL No. 929
§ — SUORT -TEIM ]
R t — LONG-TERM p E MA”:RIAL EPR
A ] TYPE G 10
r 3 : SUPPLIER Nuuva Fulgor Cavi
[ 4 REMARKS Insulation (P)
. J TEST RESULTS
Dose Dose Tensile proporties Hardness
10 - -] 10’ rate Strength Elongation Shore D
(MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
[ ] 0.000 - 61 + 0.1 404.8 + 34.5 32.0 £ 00
i 1 0.200 | 30000 | 63 1 0.3 2440 £ 150 380 £ 00
of 1 0.50¢ | 30000 69 + 0.2 160.8 + 27.3 430 £ 00
a i 1pe 1.060 | 30000 | 89 + 0.2 424 1 46 480 t 00
-~
. . | 0.000 - 6.1 £ 0.1 404.8 £ 345 320 £00
0L — ' | 0200 | 1000 53 + 01| 2650 + 390 | 323+ 1.4
[ -~ ] 0.700 1000 | 64 % 0.2 520 + 57 390 £ 00
\6’/’@ ]
i o R 1 RADWATION INDEX ( 30000 Gy/h ) : 56
J RADIATION INDEX ( 100.0 Gy/h ) : 5.4
A E
v o RLSULTS OF QIHER TESTS
1 Led — sl e a1 aaa] 10
77 . . OXYCEN INDF X{i50 41,89) 330 %
0. 10 10 107 CORROSIVITY (DIN 57472) PASS

ABSORBLD DOSE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, [EC 544

3
1() N I T L4 LOSRLANALS TI'I T T L L § l'l‘ 10

r — SHORT- TERM ]

R e LUNG - TEPM 4 -

X ]

A 2
Y7 _1w0

i ° ]

S 4
of .
St 1%

1 Al
i
‘O' — V]

L o ]

- T
10° i RN | N BT

8
o. 10 10 10

ABSORBED DOSE (Gy)

CERN MATERIAL No.

MATERIAL
TYPE
SUPPLIER
REMARKS

TEST RESULTS -

EPR
Black G 5
Fulgor Cavi

952

Token from sheath of 3.3 kV/LEP

Dose Dose Tensile properties Hardness
rate Strangth Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 - 97 + 02| 1100+ 76 | 340400
0.200 |24x10°] 111 + 04 771 4+ 64 | 380100
0.500 |24x10°] 118 £ 0.2 629 + 27 | 410100
1000 [24x10°] 127 + 02 479 £ 27 | 430+ 00
5000 |22x10°]| 185 £ 0.9 1504+ 1.8 | 59.0 + 00
0.000 - 9.7 £ 02| 1100+ 76 | 340 400
0200 | 1000 | 82 & 0.2 957 £+ 37 | 290 %00
0.700 | 1000 | 81 % 0.2 564 £ SO0 | 330 400

RADIATION INOTX ( 2.4x10° Gy/h ) : 59
RADIATION INDFX {

100.0

RLSULTS OF OIHLK 1515
OXYGEN INDE X(150 4589)
CORROSLIMITY (DIN 57472)

47.5
PASS

%

Cy/h): 58
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EVA

ETHYLENE VINYL ACETATE
Copolymer of ethylene (CHz =CH:) and vinyl acetate (CH; ~COOCH =CHa)

For general characteristics, see Tables 1 and 2.
See also in 1st edition (Ref. [16]).
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EVA

Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
(MGy) (Gy/h) {MPa) (%) (°D) (%)
473 Sioplas AEIl via NKT 0.0 - 12.3 132 44 25
17407 0.5 2x105 13.5 114 41 6.1
1.0 2x 105 13.0 96 47
5.0 2x10% 14.2 14 60
507 Silanpex NKT 0.0 - 10.4 163 41 25
0.5 2x 105 12.7 133 39 5.9
1.0 2x10° 13.5 64 46
5.0 2x 105 10.0 1 55
514 Lupolen BASF via 0.0 ~ 8.3 432 48 25
V 3900 DX SA A. Pasta 0.7 2x 105 12.7 87 53
(Pirelli) 1.0 2x105 13.3 38 56
5.0 2x10% 13.9 10 65
545 Sioplas 4/7 STC 0.0 - 5.3 212 42 31
Sheath Telecommun. 0.5 2x 105 13.4 134 44 5.9
1.0 2x 105 14.5 102 45
5.0 2x10°% 14.9 18 53
0.2 100 9.2 140 43 >5.7
0.5 100 9.7 143 43
546 Sioplas 4/7L STC 0.0 - 9.8 761 34 25
Sheath Telecommun. 0.5 2x 105 12.9 237 36 5.4
1.0 2x10° 12.3 130 36
5.0 2x 108 7.1 18 30
0.2 100 9.1 507 36 5.4
0.5 100 8.3 277 37
575 Sheath4 G Lynenwerk 0.0 - 7.1 264 23 29
(1982) 0.5 2x10° 7.4 176 26 5.9
1.0 2x10% 7.5 110 28
5.0 2x 105 10.8 21 49
581 G.EVA 1 Gorse 0.0 - 7.4 165 23 32
Sheath 0.5 2x 105 7.7 76 25 5.6
1.0 2x 105 8.2 51 33
5.0 2x 108 10.5 13 46
583 G.EVA 605 Gorse 0.0 - 7.6 191 25 33
Sheath 0.5 2x 105 8.6 99 32 5.7
1.0 2x10° 9.2 78 35
5.0 2x10°% 10.6 23 50
630 HFI/20/KX659 BICC 0.0 - 8.5 716 41 27
Sheath 0.5 2x 105 11.1 418 43 5.8
1.0 2x 105 8.3 271 45
5.0 2x 105 8.5 15 48
652 D 2983 FR BP Chemicals 0.0 - 8.0 610 42 32
1982 plates 0.5 2x 10% 10.6 378 42 5.8
no longer in 1.0 2x10% 8.2 160 43
production 5.0 2x 108 10.3 19 47
0.2 100 6.6 527 41 5.4
0.5 100 5.3 59 36
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EVA

Mat. Type Supplier Dose Dose Tensile properties H Ol RI
No. rate R E
(MGy) (Gy/h) (MPa) {%) (°D) (%)
659 Sioplas 4/7 STC/STL 0.0 - 6.9 152 41 34
Thermoplast. 0.5 2x10°% 17.1 88 48 5.7
1.0 2x10% 12.8 21 48
5.0 2x10°% 16.8 12 52
660 Sioplas 4/7 STC/STL 0.0 - 11.4 181 45 30
Radiation 0.5 2x 105 19.0 82 49 5.6
cross-linked 1.0 2x 105 1.1 23 48
5.0 2x 105 18.8 15 57
661 5/2 compound STC/STL 0.0 - 11.5 284 40 31
Radiation 0.5 2x10° 16.5 134 46 5.6
cross-linked 1.0 2x105 15.0 43 45
5.0 2x105 12.7 156 48
663 HF1/36 BICC 0.0 - 8.5 720 34 24
Sheath 0.5 2x 105 12.3 440 41 5.9
1.0 2x10% 8.5 314 42
5.0 2x105 7.5 29 45
664 HF1/38 BICC 0.0 - 6.9 712 36 25
Sheath 0.5 2x105 7.8 416 43 5.7
1.0 2x 105 6.0 167 43
5.0 2x105% 6.9 20 48
672 5/2 compound STC/STL 0.0 - 6.4 682 36 26
XL peroxide 0.5 2x 105 14.2 167 46
1.0 2x105 15.7 103 47
5.0 2x 105 14.7 13 49
686 HF1/36 (2) BICC 0.0 - 8.8 658 37 29
Sheath 0.5 2x105 6.5 343 41 5.7
1.0 2x105 5.4 137 39
5.0 2x 105 9.3 24 47
687 HF1/38 (2) BICC 0.0 - 8.4 666 40 34
Sheath 0.5 2x 105 6.6 353 43 5.7
1.0 2x105 5.9 57 41
5.0 2x 105 10.2 19 51
696 G.EVA 810 Gorse 0.0 - 10.3 148 32 33
Sheath 0.5 2x 105 11.0 87 34 5.8
1.0 2x10°% 12.3 59 37
5.0 2x105 16.1 19 58
699 HFI/50/KX706 Bical 0.0 - 10.5 748 38 24
Sheath 0.5 2x 105 13.9 140 44
1.0 2x10°% 15.7 84 45
5.0 2x10% 7.9 9 53
700 HFI/50/KX707 Bical 0.0 - 9.3 696 40 28
Sheath 0.5 2x10°% 14.0 154 46
1.0 2x10% 16.1 96 48
5.0 2x10% 10.8 10 55
701 KX 712 Bical 0.0 - 11.7 158 45 24
Sheath 0.5 2x 105 14.3 98 48 5.8
1.0 2x10% 14.2 72 47
5.0 2x108 14.7 18 55
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EVA

Mat. Type Supplier Dose Dose Tensile properties H Ol RI
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D) (%)
752 3917DQ 226 Cabeltel 0.0 - 11.0 516 43 33
Lupolen {BASF) 0.5 2x10° 11.2 410 43 6.1
No longer in 1.0 2x10° 9.4 325 42
production 5.0 2x 1065 9.1 27 47
766 D 2983 FR Norsk-Kabel 0.0 - 6.2 583 25 32
Taken from EB 0.5 2x10% 6.7 397 36 5.8
prototype (BP) 2.5 2x108 4.9 37 39
cable sheath
0.1 1000 7.1 526 28
0.2 100 4.1 60 29 5.0
0.5 100 3.1 6 31
812 Sheath 4 G Lynenwerk 0.0 - 9.7 185 29 41
(1986) 0.5 2x10° 10.7 96 34 5.7
1.0 2x10° 1.2 58 36
0.2 100 11.1 130 33
819 159 Roque 0.0 - 10.3 255 25 37
Sheath 0.5 2x10°% 11.2 142 29 5.9
1.0 2x10° 11.6 111 30
5.0 2x10% 13.5 36 38
0.2 100 11.2 140 29 5.4
0.7 100 9.7 60 30
841 X-250219 Déatwyler 0.0 - 13.1 218 46 34
Insulation 0.5 3x 105 13.9 131 44 5.8
1.0 3x10% 14.1 82 50
5.0 3x 105 9.8 8 56
860 D 2983 FR Norsk-K abel 0.0 - 5.0 465 25 34
Taken from EB 0.2 2x 105 5.7 229 29 5.2
LEP cable (BP) 0.5 2x105 5.8 37 30
1.0 2x 108 6.0 21 35
0.1 7000 4.2 287 25 5.1
0.2 7000 4.5 62 27
0.5 7000 4.9 30 32
0.1 1000 4.9 99 25
0.2 100 5.2 35 27
0.5 100 4.3 6 31
885 D 2983 FR BP Chemicals 0.0 - 8.9 670 36 34
1987 plates 0.5 3x10° 9.5 393 36 5.7
no longer in 1.0 3x10° 4.9 63 36
production 5.0 3x10° 8.1 13 44
0.2 100 5.0 169 37
0.7 100 4.9 6 36
912 D 2983 FR Norsk-Kabel 0.0 - 6.4 614 28 -
Taken from (BP} 0.5 2x10° 7.2 316 29 5.7
LEP control
cable 0.2 4000 7.1 490 36 5.4
0.5 4000 6.2 57 34
1.0 4000 7.3 25 36
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EVA

Mat. Type Supplier Dose Dose Tensile properties H Ol Rl
No. rate R E
(MGy) (Gy/h) {MPa}) (%) (°D) (%)
928 M2 Fulgor Cavi 0.0 - 10.7 182 30 39
Sheath 0.2 3000 11.5 132 33 5.7
0.5 3000 11.7 91 36
1.0 3000 12.2 65 41
0.2 100 9.6 161 29 5.9
0.7 100 8.8 96 32
951 Sioplas Fulgor Cavi 0.0 - 10.0 118 41 -
407/424 0.2 2x 108 11.1 100 44 5.8
Sheath - LEP 0.5 2x10° 11.0 63 45
1.0 2x10% 10.3 52 45
5.0 2x10° 10.8 13 52
0.2 100 7.9 118 40 5.6
0.7 100 6.0 32 43
1000 E4112 Cables 0.0 - 10.7 139 44 42
Sheath de Lyon 0.2 6000 11.0 118 45 5.7
0.5 6000 11.1 76 46
1.0 6000 10.1 32 48
5.0 2x10% 14.8 15 54
1001 E 4152 Cables 0.0 - 5.9 267 18 39
Sheath de Lyon 0.2 6000 6.7 198 26 5.8
0.5 6000 8.4 148 33
1.0 6000 9.0 105 38
5.0 2x10° 13.7 17 53
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1IEC 544

ao“t . S vy 10 CERN MATERIAL No. 473
R ic MATERIAL Sliylated EVA
i TYPE Sloplas 17407
/ SUPPLIER AE) vio NKT
L REMARKS )
TEST RESULTS :
1w 10t
Dose Dose Tenslie properties Hordness
rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Dsgree)
& yo [0000| - [13710] 120% 41 | 40200
=7 0.500 | 1.7x107] 13.5 £ 0.4 1140 £ 2.2 410 4 0.0
é , | 1-000 |.7no: 13.0 £ 0.8 960+ 22 | 470 4040
10"L 10' | 5000 [17x10%] 142 & 20 138+ 25 | 600 200
E RADIATION INDEX ( 1.7x10% Gy/h ) : 6.1
i
RESULTS OF OTHLR TESTS :
OXYGIN INDFX(ISO_4589) 250 %
R ° CORROSMITY (DIN 57472) PASS
n : 4 n Lo ol 'Y PR e ey I i)
0. 1w 1w 10
ARSORRI D DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10’ 10 CERN MATERIAL No. 507
— T ——
R iE MATERIAL Sitylated EVA
[ ] TYPE Sitonpex
I ] SUPPLIER NKT
L 4 RE MARKS Used for SPS multicare cobles
- T TEST RESULTS :
2 2
10 L 10
E Dose Dose Tensite properties Hardness
s rote Strenglh Elongation Shore D
® — o (MGy) | (Gy/H) R (MPo) E (%) H (Degree)
& pe | 0000 | — J104 06| 16254+ 421 | 41008
ST 0.500 | 1.7x10.1 127 £ 0.4 | 1325+ 87 | 393415
____/6“'@ 1.000 [1.7x10°1 135 0.7 638+ 111 | 460+ 1.4
10'Q T2 10' [ 5000 {1710 100 £ 44| 1132 63 | 553110
RADIATION INDEX ( 1.7x10° Gy/h ) : 5.9
® R
a € RESULTS OF OTHER TESTS :
& H OXYGEN INDEX(ISO 4589) 252 %
CORROSMTY (DIN 574 72) PASS
0 0
10 A A a2 aagaal i PU S S 10
77 ,
0o 10° 10

ARSORBID DOSE (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3

gy 100 CERN MATERIAL No. 514
ie MATERIAL EVA
] TYPE Lupolen V3900 DX SA 0009
1 SUPPLIER BASF vio A.Pasta (Pirelli)
g PFMARKS Used for SPS multicore cables
TES1 RFSULIS -
T
e e D ] Dose Dose Tensile properlies Hordness
E role Strength E'Iongoﬁon Shore D
1 (MGy) | {Gy/H) R (MPo) E (%) H (Degree)
pe | 0:000 - | 83207} 4325+ 700 480 + 00
1 0.700 [ 1.7x10_{ 12.7 4 D.1 86.7 £ 104 | 530 £ 00
-0 .| 1000 Pr7xi07i 133 £ 02 381+ 24 | 560+ 00
—A {10 | 5000 17¢10%| 139 £ 10 1004+ 00 | 650400
]
] RANIATION INDFX { 1.7x10° Gy/h ) < 5.8
i ) ]
i a | RESULTS OF OTHER TESTS :
o H OXYGIN INDEX(ISO 1580) 250 %
0 o CORROSVITY (DIN 57472) PASS
10N 24 " o0 3 e el " fo s a1 10
i
0. 1’ 10
ARSORITD DO (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
w0 — I ' CERN MATERIAL No. 545
. SHART -TTRM ]
R S 1E MATERIAL EVA
J PE Sloplos 4/7
J SUPPLIER STC / STL
J REMARKS Sheath compound
TEST RESULTS
Dose Dose Tensile properties Hardness
0 rate Strengih Tlongation Shore D
(MGy) | (Gy/M) R (MPa) E (%) H (Dagrees)
] 0.000 - 53+ 02| 2120 + 240 | 415 100
. 0500 | 1.7«10°| 134 £ 06 | 1340 4 195 | 440 £ 00
1 1000 | 1.7x10%| 145 + 0.7 | 1024 + 128 | 445 200
Ine | 5000 [1.7x10%| 149 % 32 180+ 28 | 530 %00
, | o000 - 53 +£02] 2120 £ 214 | 415 £ 00
— 1% | 0200 | 1000 | 9.2 £ 00| 1404 312 | 425 £00
: 0500 | 1000 | 97 £ 02| 1432 £ 153 | 430400
) RADIATION INDFX ( 1.7x10° Gy/h ) : 59
5 J RANIATION INDFX { 100.0 Gy/h) > 5.7
A F
N o RIALTS OF OTHIR TLSTS
1 ]:1 et s aaal s tema a2 a0 10 OXYCEN INDEX(ISO 45B9) 310 %
o 10 10 CORROSMITY (PIN $7477) PASS

ARTORRED DOTE {Oy)
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EVA

]
mn

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

T T LA AL | T LN S ae o o

= SHORT-TCRM
e LONG -TERM

el t iy
M

-

CERN MATERIAL No. 346
MATERIAL EVA
TYPE Sioplas 4/7 L
SUPPLIER STC / STL
REMARKS Shaoth compound

TEST RESULTS -

Dose Dose Tensile properties Hardness
rote Sirength Elongation Shore D
(MGy) | (Gy/H) R (MPg) € (%) H (Degree)
0.000 - 98 + 0.7 7608 + 22.2 3.0 400
0.500 1.7::\0s 129 + 04 2365 £ 176 360 £ 0.0
1000 [ 1.7%10°] 12.3 £ 09 | 1300 + 202 | 36.0 & 00
s.000 f1.7x10°| 7.1 % 08 176 £ 22 | 300 % 0.0
0.000 - 9.8 + 0.7 7608 + 22.2 34.0 £ 0.0
0.200 100.0 91 £ 1.4 506.8 £103.4 36.0 + 0.0
0.500 100.0 83 09 2768 + 286 37.0 £ 0.0

RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7

RADIATION INDEX ( 100.0 Gy/h ) : 5.4
o \ ' RESULTS OF OTHER TESTS :
77 E— . 7° OXYGEN INDEX(ISO 4589) 250 %
0. 10° 10 10 CORROSMIY (DIN 57472) PASS
ABSORBED DOLC (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
8
w' SR N I ¢ CERN MATERIAL No. 575
iR 1t MATCRIAL EVA
] TYPU 4G
4 SUPPLIER Lynenwark
p REMARKS Block sheath (P)
—_—
TEST RESULTS :
wi i
o d_ e e e e
[ ] rDosc Oose Tensile propertles Hardness
] 4 rate Sirength Elongation Shors O
1 (MGy) | (Gy/H) R (MPo) € (%) H (Degree)
Cd — - ﬁ‘\. 0000 | = | 704 02| 2640 % 162 | 230 400
= )y 0.500 {2.5x107) 7.3 4 01 176.0 £ 13.3 255 1 0.0
1.000 |25x10°) 7.5 + o1 109.6 £ 122 | 280 1 0.0
10' L ____6__9/’0 —J10 | 5000 [2.5%10°| 108 & 05 21.2 £ 39 | 490 +o00
; RADIAION INDEX { 2.5x10° Gy/h ) : S.9
3 0 R 4
&t ] RESULIS OF QMK TINIS
e UXYGEN INDBEX(150 49A9) 290 =%
0 COFROSMIY (1N 57472) PASS
10 1,1 o 0 el " MEPEN BTo)
a 1w 10* 1w

AI3SORBED DUSE (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44
i T ———r—rrrr g 10 CERN MATERIAL No.  : 581
o F ] MATFRIAL  © EVA
[ ) TYPE . Sheath G.EVA 1
- 5 SUFPLIER  :© Gorse
s . REMARKS  : (P)
L 4
2 TEST RESULTS
10 L i
E ] Dose Dose _ Tensile properties Hardness i
L L rofe Sirengih Elongation Shore D
] 1 (MGy) | (Gy/H) R (MPa) E(X) H (Degree)
& & g o |0000| - | 74203] 1650+ 61 | 225 +00
=7 ] 0.500 (2.5¢10_ 7.7 1 04 760 + 2.2 250 t 00
, , | 1000 |25x10° B2 & 06 510+ 22 [ 330100
10' L —@ ' | 5000 [2510°[ 105 + 1.4 130+ 33 | 465 4 00
6 —r —e—o . ; o
[ b RADIANGH INDEX { 2 5x107 Cy/h ) < 5.7
L ek ]
| st | RLSULTS OF ONITE TLSIS
o H OXYGFN INDEX(ISO 4589) : 319 %
o o CORROSMTY (DIN 57472) :  PASS
10 24 oy oo aasl L At 1 a2al) V0
77
0. 10° 10° ‘ 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF 1ONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 ' CERN MATERIAL No. : S83
—T Ty r———r—Trrr
Rt it MATFRWL  : EVA
g ] TYPE :  Sheath G.EVA 605 green
- 4 SUPPLIER  : Gorse
5 . REMARKS  :  (P)
A _ 4
\ TES! RESULTS :
7 2
o \L\\@ —3'e
i ~, ] Dose Dose Tenslle properties Hordness
+ \,,-- - 1 rale Strength Elongoation Shore D
d o— o\ 1 i (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
b e p —— s f ——— ——— ———
od T - \‘l e | 000D | - 76+ 06| 1990+ 82 | 250+ 00
bR ¢ 1 0500 |25«10°] 86 + 04 | 988 + 103 | 325 400
1.000 [ 25x107| 9.2 % 05 781 % 94 | MmnodL00
' L =@ 10" 5000 [25x107| 106 + 10 230 & 27 | sno0 +no
& ———- o—0— ] — LI
i ] RADIATION INDITY ( 2.6x10° Gy/h ) : 57
L o R ]
a f PISULIS OF OTIFR TESTS ;
e H OXVETN INDFX(IS0 1583) : 330 %
, o CORROSMITY (14N 57472) @ PASS
10 A " a2 2 gl PR ErErw ey B 1)
77
n m" |0s 107
ARCGIRED DOSE (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

g ——— S [ CERN MATERIAL No. 630
1t MATE RIAL EVA t
Ré — ] E copolymer
[ ] TYRE HFI/20/KX 659
- . SUPPLIFR BICC
L 4 REMARKS Sheathing compound
TEST RESULTS
2 2
107 L o
I ] ’7 Dose Dose Tensile properties Hardness
I —_—0 1 rate Sirength [7 Elongalion Shore D
¢ — 7 {MGy) | (Gy/H) R (MPa) E (%) H (Degree)
o ) U R - D
8] o 0.000 - 85 + 0.4 7155 + 249 405 4 00
=T 1 0500 | 1.7x10% 111 ¢ 1.2 4175 4 146 430 4 0.0
. 1000 [1.7x10%] 83 4 1.9 2715 + 223 | 450 £ 0.0
wh 410" | 5000 |1.7%10°] &5 & 08 150 + 40 | 430 00
Lis] —— ] _ -— -
- ] RADIATION INDFX { 1.7x10° Gy/h ) : 58
S, R
oAk 4
I RESULTS OF OTHER TESTS :
o H OXYGIN INDEX(ISO 4589) 270 %
o o CORRUSMIY (DIN 57472) PASS
10° Lea gl NS T
7
a. 10 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, |EC 544
3 3
10 I ———r . ——r—rr 10 CERN MATERIAL No. 652
R ——— SHORT-TLRM ] MATERIAL Thermoplastic EVA
— . LONG-TERM
] TYPE MCA 319 (D 2983 FR)
i SUPPLIER BP Chemicals
- REMARKS Plates 1982
i TEST RESULTS
Dose Dose Tensile properties Hardness
. 102 rate Strength Elongation Shore D
] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
| 0.000 - 80 4 1.2 | 6100 + 556 | 42.0 + 0.0
1 0500 |17x10% 106 + 17| 3775 & 305 | 415 + 00
h 1.000 11 7x10: 82 1+ 0.2 160.0 + 26.2 430 + 00
Ipe 5000 [1.7x107[ 1035 1 0.3 190+ 14 | 470 + 00
| oone - B0 1 1.2 | 6100 % 556 | 420 + 0.0
— ' | 02w 1000 | 66 + 06| 5265 + 136 | 41.0 1 00
: 0.500 | 1000 | %3 4 0.4 585 + 18.7 355 400 ]
N PUNEUESESESY B —_— B
L o R ] RADIION INDEX (1 7x10° Gy/h ) : 58
SN . RADIATION INDEX ( 1000 Gy/h ) : 5.4
o o RESUHLTS OF OHIER TE5TS -
10 ' A i P TS AT I N | " s 3 114310 N
77 OXYGEN INDEX(I50) 4589) 315 %
0 10 10° o CORROSMIY (DIN 57472 PASS

ABSORBED DOSE (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3
10

T T , T CERN MATERIAL No. . 659
NS MATLRIAL EVA
[ TYPE Sioplas 4/7
s SUPPHICR sTC / STL
L Rt MARKS Thermoplastic sheath
Js — TEST RESULTS
7
0L
F
F P [
i Dose Dose ~__Tenslle properties Hardness
- rale Strengih Elongation Shore D
¢ — (MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
ol SR I R S Lo
Q. 0.000 - | 694 01 152.0 + 243 41.0 1 0.0
=10 0500 [ 1.7x107] 17.1 1 0.3 88.0 1 4.7 485 | 0U
1000 | 17x10°] 128 & 09 212+ 1.8 475 1 00
1
10 L 5000 [1.7x10°] 16.8 + 5.0 120 £+ 47 52.0 1 0.0
@ i 5
i RADIATION INDEX ( 1.7x107 Gy/h ) : 5.7
O R
| A E _
| RESULTS OF OTIER TESTS ¢
oM OXYGEN INDEX(150 45H89) 338 %
o CORROSIMITY (UIN 57472) PASS
10 Lo g L el .
A
0. 10° e
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 U ——rr CERN MATERIAL No.  : 660
RE ] MATERIAL  : EVA
[ i TYPE . Sloplas 4/7 X-L
s E SUPPLIER STC / STL
L REMARKS Radiotion crosslinked

TEST RESULTS

[ O R
-
o W
100 A R N
0. 10° 10°

AGSORBID DOSE (Gy)

Dose Dose Tenslle properties Hardness

rale | Strenglh Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.900 - 11.4 4 01 1808 + 1.8 445 4 0.0
0500 |17x10°| 19.0 + 03| 824+ 1.7 | 495t 00
1000 [1.7x10°| 111 £ 08 | 228+ 63 | 475100
5.000 | 1.7x10° 18.8 + 09 152 £ 2.7 570 £ 0.0

- -}

RADIATION INDEX ( 1.7x10> Gy/h ) < 5.7

RESULTS OF OTHER TEWIS -
OXYGEN INDI X(150 4589) 300 %
CORROSIVITY (DIN 2/472) PASS
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

L S e 10 CERN MATERIAL No. 661
R [ e MATERIAL EVA
r ] TYPE 5/2 eompound
s 4 SUPPLIER STC / STL
A B REMARKS Radiation crosslinked
TEST RESULTS :
w0 L 1
[ ] Dose Dose Tensile properties Hardness
- [ 4 rate Sirength Etongalion Shore D
@ b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0(3 e 0.000 — 115 £ 01 2840 + 69 395 + 0.0
>T ] 0.500 [1.7x10°| 165 + 0.3 134.4 + 6.1 46.0 4 0.0
, _/B\é\\‘ | 1000 [ 1.7x10%} 150 + 33 428 + 109 | 445 +00
10 410" | 5000 [17x10°] 127 £ 20| 152+ 2.3 | 480 +00
[ 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
L o R ]
- £ J
| a RESULTS OF OTHER TESTS :
& H OXYGEN INDEX{ISO 4588) 310 %
o o CORROSMTY (DIN 57472) PASS
10 Led L e gl MU BT
77
0. 10° 10° 10
ABSORBED DOSL (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
0’ : S ——ertgrrr 10° CERN MATERIAL No. 663
RA ] E MATERIAL EVA copolymer
s ] TYPE HFI/36
! 4 SUPPLIER BICC
s REMARKS = HFI/20 + antioxidant
TEST RESULTS :
1w L . KT
[ ] Dose Dose Tensile properties Hardness
3 1 rafe Strength Efongalion Shore D
<- 1 (MGy) | (Gy/H) R (MPq) E (%) H (Dagres)
¥ ] AR FRNAAR ] :
o e | 0.000 - 85+ 03] 7200+ 235 | 340 +00
> r 1 0.500 19)(1[): 123 £ 06 | 4400 % 135 | 4104 0.0
—® , | 1000 [rexio’f 85 + 22| 3144 & 260 42.0 4 00
' 5 o - 40 [ so000 {17x10"f 75 + 0.4 294 + 3.1 450 4 0.0
@ . ] T
r ’ =D ] .
[ ] RADIATION INDI X ( 1.8x10° Gy/h ) : 59
L o & i
s . ]
| a RISUETS OF OTHER TESTS :
S H OXYGEN INDFX(ISO 4588) 240 %
" o CORROSNVIY (DIN 57472) PASS
1 L4 b aaal] ] 10
a 10" 10’

ABRSORRID DOSE (Cy)
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EVA

DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, [EC 544

1 CERN MATERIAL No. 664
B MATERIAL EVA copolymer
[ vy HF1/38
b SUPPIIFR BICC
I REMAR#S = HFI/20 + antioxidant
TEST RFSULTS -
1w L
1 Dose Dose Tensile properties ( Hardness
- rote Stirength Elongation Shore D
& (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
of SRR BRI
n. 0.000 - 69 + 03 7120 £ 277 355 + 00
=T 0500 [19x10°| 7.8 4 2.2 416.0 £ 25.1 43.0 £+ 00
, | 1000 19x10°| 60 % 0.1 157.0 £ 25.4 430 + 00
s
1 L - 410 | 5000 [19x107| B9 £ 1.1 200 £ 9.4 48.0 + 0.0 |
5 — ¢ .
@ N . RADIATION INDEX ( 1.9x10° Gy/h ) : 5.7
e R .
At 1 —_—
| ) RISULTS OF OTHER TESTS -
S M OXYGEN INDFX(ISO 4589) 250 %
o o CORROTZIMTY (DIN 57472) PASS
10 L4 Al L el 10
7
aoan 10° 10
ARSOREN D DO (Oy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
Lo S e rrpres 10" CERN MATERIAL No. 672
Rté 1 MATERIAL EVA
L ] TYPE 5/2 compound
s - SUPPLIER STC / STL
S REMARKS Peroxide XL
TEST RESULTS :
10 L |
[ h Dose Dose _ Tenslle properties Hardness
H E rale Strength Elongation Shore D
& h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
é_) N 0.000 - 64 + 0.3 6824 + 367 355 + 00
ST 1 0500 | 1.7x10° [ 142 ¢4 0.4 166.8 + 22.3 455 1 00
1.000 | 1.7x10°]| 157 + 0.3 1032 + 94 465 1 00
' | —{ 10" | 5000 [1.7x10°} 147 £ 1.8 13.0 £ 1.2 490 t oy
@ 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
- o R -
4t ] RESULTS OF OTHER TESIS -
& H OXYGEN INDLX(ISO 4589) 257 %
° o CORROSMITY (DIN 1, /472) PASS
o L4 NN | PP B Yo
77
0. 10 18 10’

ABSORBED DOSE (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10" : S — 100 CERN MATERIAL No. 686
R ] F MATE RIAL EVA Copolymer
[ ] TYPE HFI/36
L . SUPPLIER BICC
L 4 R MARKS (P)
TEST RESULTS -
1w L i R
- 5
i ] ’» Dose ( Dose Tenslle properties Hardness
- R rote Strength Elongation Shore D
o3 1 (MGy) | (Gy/H) R (MPa) € (%) H (Degree)
o 0.000 - | 88+ 15] 6580+ 293 37.0 £ 0.0
=T 0.500 1.9%10’( 6.5 + 1.1 343.2 £ 452 410 £ 00
1.000 | 1.9x107| 54 + 0.0 136.8 + 70.1 39.0 4+ 0.0
n' b 5.000 l 1.9x10°] 93 £ 0.1 240 + 0.0 47.0 + 0.0
®
. RADITION INDFX ( 1.9x10° Gy/h ) : 5.7
- . i -
| RISULTS OF OTHER TESTS :
& H OXYCEN INDEX(IS0 4589) 290 %
CORPOSIMITY (DIN 57472) PASS
0 0
10 A n Lo a ] sl 10
oo 10 10’
ADRTORRID DHOSY (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
T 10° CERN MATERIAL No. 687
R ZE F MATERIAL EVA Copolymer
L TYPE HF1/38
| SUPPLIER BICC
s REMARKS P)
TEST RESULTS
10 L 10
8 Dose Dose Tensile properties Hardness
5 rate Strength Elongation Shore D
N4 (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
w2 pe | 0.000 - B4 £ 14| 6664 + 597 400 + 0.0
> 0500 | 1.9x10°| 6.6 + 0.1 353.0 4+ 94.1 43.0 + 00
1000 |1.9x10°] 59 + 0.2 568 + 66 | 41.0 4 0.0
' | 10" | 5000 | 1ax10° 102 + 02 188+ 18 | 510400
¢ — —
! RADIATION INDEX ( 1.9x10” Gy/h ) : 5.7
| 4t ] RESULTS OF OTHIR TESTS :
o OXYGEN INDFX(1SO 4589) 340 =%
N R CORFOSMITY (DIN 57472) PASS
11 L I AW | s ) 10
77
oo 1o’ 0
ARO[y Doy g (r‘,y)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10— S —— , ey 10 CERN MATERIAL No. 696
RF 1E MATERIAL EVA
r ] TYPE Sheath G B10
I E SUPPLIER Gorse
- B REMARKS Hologen— and Sulphur—free
A TEST RESULTS -
10 L |
X ] Dose Dose Tensile properties Hordness
- E rate Strength ] Elongation Shore D
<; s b (MGy) | (Gy/M) R {MPa) £ (%) H (Degree)
o po |0000 | - 1103403| 1475+ 79 | 320400
=7 ] 0.500 [1.7x10°] 1.0 %+ 0.1 870+ 27 | 340 £00
@// - 1.000 | 1.7x10°| 123 ¢+ 07 585 + 45 37.0 £ 0.0
weg —————— " ~{10" | 5000 [17x10°| 181 & 1.7 185+ 22 | 580 # 00
[ ] s
[ ] RADIATION INDEX ( 1.7x10° Gy/h ) : 5B
L o R -
| at RESULTS OF OTHER TESTS :
& H OXYGEN INDEX{IS0 4589) 328 %
o o CORPOSMTY (DIN 57472) PASS
10 LA " oo sl . a1 2] 10
77
o. 10 10" 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 e — . —r 10 CERN MATERIAL No. 699
R 1t H MATERIAL EVA Copolymer
] IYPE HF1/50 (KX 706)
4 SUPPLIER Bical
1 REMARKS Sheath (P)
10ST RESULTS :
100 MRY
] Dose Dose - ‘__T:psllc properties Hardness
Jb» 3 rale Strength Elongation Shore D
] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
& b 0.000 - 105 + 0.3 7476 + 128 375 100
3 152
> 0500 | 1.9x10°| 139 ¢ 0.1 1400 4+ 16.0 440 £ 00
, 1.000 {1.9x10°| 157 + 0.7 836 + 9.2 450 1 00
10'( _1' | 5000 [19x10°| 79 + 36 85+ 4.1 | 530 £00
1 RADIATION INDEX ( 1.9x10° Gy/h ) < 5.7
i O R 1
A € ] i} o
| ] RESUI I OF OTHER TFSTS
o H OXYGEN INDEX(150 4589) 243 %
" o CORROSNMITY (DIN 57472) PASS
10 v n i1 3 aaaal 2 fdedoaaad 10
77
00 10" 10"

ABSORBED DOSL (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10
—r S ey 10 CERN MATERIAL No. 700
24 [} 11,4 MATERIAL EVA Copolymer
[ ] TYPE HF1/50 (KX 707)
L E SUPPLIER Bical
| ] REMARKS Sheath (P)
) TEST RESULTS
10 L i
F 3
[ ] Dose Dose __Tensiie properties Hardness
3 —— E rate Strengih Elongation Shore D
& 1 (MGy) | (Gy/H) R {MPa) E (%) H (Degree)
ot J b oo
0. 30 0.000 T 93 £ 1.3 6960 + 51.3 400 + 0.0
=270 1 0.500 | 1.9x10 | 14.0 + 0.1 1536 + 10.4 465 1 0.0
, 1.000 [ 1.9x10 16.1 £ 0.1 960 £ 6.3 480 4 G0
IO(;. _J1o 5.000 ‘.9%105 10.8 + 3.7 104 &+ 46 550 £ 0.0
B 1
i ; RADIATION INDEX ( 1.9x10° Gy/h ) < 5.7
E o & ]
- A ¢ 3
| RESULTS OF OTHER TESTS ¢
]
o H OXYGEN INDEX(I1SO 4589) 278 %
o ° CORROSMITY (DIN 57472) PASS
100 L. Y | NP B 1)
,
0. 1d 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10’ — e 10 CERN MATERIAL No. 701
R F ] £H MATE RIAL EVA Copolymer
[ ) TYPE KX 712
i 4 SUPPLIER Bical
L R REMARKS Sheath (P)

A E
oo H :
0
1O I " s aaaad " n T W W
77
&
o 10 10

ABSORBED DOSL {Cy)

108

10°

7

TEST RESULYS @

Dose Dose Tensile properties Hardness
rale Strength flongolion Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 - 11.7 + 0.3 158.0 + 16.2 450 1 0.0
0500 | 1.9x10°| 143 + 0.4 98.4 + 152 48.0 + 0.0
1000 | 1.9x10°| 142 + 0.8 724+ 78 | 47.0 1 00
5000 | 19x10°} 147 = D.4 176 £+ 1.7 550 + 00

RADIATION INDEX ( 1.9x10° Gy/h ) : 59

RESULTS OF OTHER TESTS ¢
OXYGEN INDEX(150 4589)
CORROSIMITY (DIN 97472)

244 %
PASS
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EVA

DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10° : S— , ey 10 CERN MATERIAL No. 752
R F ¢ MATERIAL EVA copolymer
A ] 1YPE Lupalen 3917 DQ 226
[ \§ ! SUPPIER Cabeltel
s E REMARKS (BASF) (P)
TEST RLSULTS
10 L 1
i ] Dose Dose Tenslle properties Hardness
- ) 1 rale Strength Etongation Shore D
¢ o &= 1 (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
a 1 - o - -
a o | 0-000 - 11.0 £ 23| 5160 £ 363 | 430 100
=T ] 0500 {18x10° 112 + 3.1 ] 4100 + 834 | 425 4 0.0
.| 1000 [ 18x10°| 94 + 24 | 3250 % 552 | 420 koo
1
10'Q o —10 | 500 18x10°| 9.1 % 0.2 270+ 45 | 470 0.0
+ e ] - L —_— - -
i 1 RADIATION INDEX ( 9.0x10" Gy/h ) : 6.1
L o & ]
! A -
| & | RETULTS OF OTHER TLSTS -
o M OXYGEN INDEX(I50 4589) 330 %
o o CORROSMITY (DIN 57472) PASS
10 Led ! i 4ol " rararewe i)
77
0o 10 1 10’
ABSORBLD DOSL (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
0 e — e 10° CERN MATERIAL No. 766
]
R T —f::gz‘,zﬁz“ {1E MATERIAL Polyolefin thermoplastic
- ] 1YPE BP D 2983 FR (black)
i . SUPPLIER Norsk Kabelfabrik EB
s 1 REMARKS Taken from LEP protetyps cable
| ] TEST RESULTS :
Dose Dose Tensile properties Hardness
L 11 rate Strengih Elongation Shore D
[ ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[ ] 0.000 - 62 +£ 0.7 | 5833 + 455 | 250 + 0.0
: 1 0500 [1.7x10°| 67 £ 16 | 3970 + 351 | 360 + 00
ol 1 2500 | 1.7x10°| 4.9 £ 0.4 367 4 176 | 390 + 0.0
a X
= 0.000 - 62 + 0.7 ] 5833+ 455 | 250 £ 00
X , 1 0100 {10000} 71 £ 05 ) 5260 + 361 | 280 +00
10| % | 0200 | 1000 | 41 % 0.2 60.0 £ 11.8 | 29.0 + 0.0
! ] L05oo 1000 | 31 + 05 60+ 20 | 310400
? o ] RADIATION INDEX ( 1.7x10> Gy/h ) : 58
i | RADIATION INDEX ( 5500  Gy/h ) : 5.0
A €
o ‘ ® RESUITS OF OTHER TESTS
107 Lt At At OXYGEN INDEX(150 4589) 320 %
0. 10 10’ 1w CORROSIMITY (DIN %/472) PASS

ABSORBLD DOSE ((y)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 ; — — ey 0 CERN MATERIAL No. 812
I —— SHORI- TERM ] LRI
Rt T oone ea 1 E MATERIAL EVA
8 ) TYPE 4 G coloured
L E SUPPLIER Lynenwerk
L i REMARKS Sheath for 1-3 kV LEP cables (P)
TEST RESULTS
4
\A rDose Dose Tensile properties Hardness
102 L — 10° rate Strength Elongation Shore D
s ] (MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
[ ]
[ ] 0.000 - 97+ 03| 1848 + 104 | 200 00
F 1 0.500 | 18x10°] 10.7 + 02 956 + 17 340 £ 0.0
of . 1.000 [18x10°| 11.2 £ 05 584 + 43 360 + 0.0
al {5
= 0.000 - 9.7 £ 0.3 1848 + 10.4 290 £ 0.0
, , | 0.200 100.0 | 111 £ 0.4 129.6 + 10.4 330 +£00
‘0? = _  —e—=0 _Jw
] RADIATION INDEX ( 1.8x10° Gy/h ) : 5.7
[ ] RADIATION INDEX ( 100.0  Gy/h ) > 5.3
S g
A ¢ .
] RUSULTS OF OTHER TESTS :
OXYGEN INDEX(ISO 4589) 406 %
o o CORROSMITY (DIN 57472) PASS
10 A " I AW TR | N a1 aaa} 10
77
0. 10° 10 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10° 1w CERN MATERIAL No. 819
L l A L Ls T v rrr ’ T T L TrTrrr '_
R —— SMORT-TERM ] 1 MATERIAL EVA
4 — — LONG - TERM 4 '~
1 ] TYPE Sheath 159
- 1 SUPPLILR Roque
& ] REMARKS ®)
[ i TEST RESULTS :
Dose Dose - Tensile properties Hardness
‘I()2 » - 102 rate Strength Elongation Shore D
] (MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
[ % ] 0.000 - 103 £ 0.3 2552 + 7.2 250 4 00
- . 0500 [1.7x10%| 112 £ 04 1420 + B7 290 £00
ot 1 1.000 |1.7%10%] 116 £ 05 1108 + 59 300 +00
o e 5000 | 1.7x10%f 135 + 1.6 355 £ 53 | 38.0 t00
. . | v.000 - 103 £ 03| 2552 4+ 7.2 250 + 00
0 —~'0 {0200 1000112 +01]| 1900+ 40 | 285 13
] 0.700 1000 | 97 + 1.1 595 + 13.3 30.0 1+ 0.0
L o & < RADIATION INDEX ( 1.7x10° Gy/h ) - 69
SN 4 RADIATION INDEX ( 100.0 Gy/h ) : 5.3
P . o RESULTS OF OIHE L TESTS
77 B — L OXYCLN INDLX(1%0) 4589) 368 %
0. 10 10 107 CORRUSMIY (DIN 574 /2) PASS

ABSORBED DOSE (Gy)

N




EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, |EC 544

10— SRS — 10 CERN MATERIAL No. B41
R I iE MATFRIAL EVA
[ ] TYPE X-2502 19
3 E SUPPLIER Ddtwyler
5 4 REMARKS insulation (P)
IT TEST RESULTS -
2 2
107 L 10
F ]
[ X Dose Dose Tensile properties Hardness
. — 4 rate Strength Elongation Shore D
[ h (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
O B -4 -
o 3o 0.000 - 131 £ 01 2184 + 128 46.0 £ 00
ST ] 0.500 [2.7x10°] 139 + 05 1312 £+ 7.7 44.0 £ 0.0
$ 8 , | 1000 |2.7x107f 141 £ 0.3 816 £+ 22 | 50.0 £ 00
10 L 410 | 5000 |27x10°| 9.8 + 0.4 80+ 00 56.0 £ 0.0
i 1 RADIATION INDEX { 2.7x10° Gy/h ) : 5.8
L o & .
N ]
! | RESULTS OF OTHER TESTS :
o H OXYGEN INDEX(ISO 4589) 340 %
o o CORROSIVITY (DIN 57472) PASS
10° LA M | NS BT
77
0. 10 10° 10’
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, {EC 544
3 3
10 . —— T S | CERN MATERIAL No. 860
[ 5 p
! — 17k Gy/h Y E MATE RIAL Polyolefin
\ ——= 71100 Oy/h ] TYPE BP D 2983 FR (white)
[ - 1000 Gy/h 1 SUPPLIER Norsk Kabelfabrik EB
4 REMARKS Taken from NF—48 LEP cable (C)
i TEST RESULTS
Dose Dose Tenslie properties Hardness
—] |02 rate Strength Elongation Shore D
] (MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
% 0.000 - 50 + 03| 4648 £147.8 250 £ 00
1 0200 [1.7x10°] 57 % 08 2293 41999 290 2 00
1 0500 |1.7x10°] 58 + 0.3 37.2 £ 109 300 £ 00
lye | 1000 [17x10°| 60 + 03 208+ 41 | 350 400
, | c.ao00 - 50 + 0.3 464.8 +147.8 250 + 0.0
— 0 [ o100 | 71100 | 4.2 + 0.2 287.2 £194.8 250 + 00
3 0200 [ 71100 | 45 £ 0.2 62.4 + 464 27.0 £ 00
1 0500 [ 71100 | 49 4+ 02 296 + 36 320+00
] IR
0.000 - 50 + 03| 4648 +14738 250 £ 00
0100 | 10000 | 4.9 4 01 99.2 + 539 250 + 0.0
I 1 0.200 1080 | 52 ¢ 02 392 + 145 270 £ 00
0.5010 1000 | 43 ¢ 05 64 + 17 310 00
1(}“ ,1/1 i i a0l n 1 L4 o424y 1()” o . T T T - - R
5
a1 ¢ 10 RADIATION INDEX ( 1.7x10 Gy;h ; : 5.?
~N(ofar PEEON RADIALON INDE X (71100 Gy/h ) : 9.
ABSORBLD DOSE (Cy) RADIAMION INDEX { 1000 Gy/n ) <50
OXYGEN INDEX(IS0) 4189) 343 %
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10° : S e 1T CERN MATERIAL No. 885
R £ ——suom M 1 E MATERIAL Thermoplastic EVA
L T ] TYPE D 2983 FR
SUPPLIER BP Chemicals
REMARKS 1987 plates
| TEST RESULTS
, Dose Dose Tensile properties Hardness
10 L raote Strength Elongation Shore D
s (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
[ 0.000 - 89 + 05| 6704 + 272 | 358 £ 0.4
0500 [2.7x10%| 95 + 1.1 | 3928 &£ 143 | 360 £ 06
ol 1.000 2‘7”0: 49 + 0.0 632 + 325 | 360 + 00
% | 5.000 ] 2.7x10°| 8.1 + D.2 128 + 1.1 440 + 0.0
, 0.000 - 89 + 05| 6704 x 272 | 358 + 04
106 0200 | 1000 | 5.0 % 0.1 168.8 + 658 | 36.7 £ 0.4
i 0700 | 1000 | 49 % 01 60+ 00 | 360300
RADIATION INDEX { 2.7x10° Gy/h ) : 5.7
S 4 RADIATION INDEX { 100.0  Gy/h ) < 5.3
o o RESULTS OF OTHER TESTS ¢
10 2 A 1 L2 oa g aald L AT B )
77 OXYGEN INDEX(ISO 4589) 342 %
0. 10 10° 10 CORROSIVITY (DIN 57472) PASS
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, lEC 544
0 S e 10° CERN MATERIAL No. 912
R ey E MATE RIAL Polyolefin (EVA)
. - ] TYPE BP D 2983 FR
5 4 SUPPLIER Norsk Kabel EB
L 4 REMARKS from NE 18 LEP control cable
| i TEST RESULTS -
Dose Dose Tensile properties Hardness
1[)2 - 1 102 rate Strength Elongation Shore D
[ ] (My) | (cy/HW) R (MPa) £ (%) H (Degree)
[ ] 0.000 - 64 + 10| 6143 £ 335 | 277 + 08
- . 0500 |2.5x10°| 7.2 + 16| 3162 + 385 | 290 + 00
ol ] N
a | Ise | 0.000 - 64 £ 1.0 | 6143 & 335 | 277 1+ 08
= 0200 | 37000 | 71 £ 15| 4904 & 278 | 357 + 08
, , 1 0500 | 36000 | 62 £ 01 571 %+ 84 | 337410
10 ¢ —4'0 | 1.000 | 36000 | 7.3 + 0.3 250+ 2.2 | 362 +£1.9
? % é ] RADIATION INDEX ( 2.5x10° Gy/h ) : 5.7
L o | RADIATION INDEX { 36500 Gy/h ) - 54
b A -
RESUI TS OF OTHER TESTS
v \ o OXYGEN INDEX(ISO 4589) NOT MEASURED
107 Ll i ] 10 CORROSMITY (DIN 57472) PASS
0. 1° 10° 10’

ABSORBED DOSI (Gy)
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EVA

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3

10— S 1y 10 CERN MATERIAL No. 928
It —— SHORT-T(RM - MATLRIAL EVA
| . LONG-TtKM ;
[ ] TYPE M2 (vulcanized)
L E SUPPLIER Nuova Fulgor Cavi
s REMARKS Sheath ()]
i i TEST RESULTS
& —— 1 - _
Dose Dose Tensile properties Hardness
10? | — 102 rate Strength Eiongation Shore D
E 5 (MGy) | (Cy/H) R (MPa) E (%) H (Degree)
{ ] 4 ]
! : 0.000 - 107 £ 02| 1816 + 115 | 300 £ 00
- 1 0200 [ 30000 | 115 + 04| 1320+ 63 | 330 +00
of . 0500 | 30000 | 11.7 £ 0.3 912+ 52 | 360 1 00
% | Ipe 1000 | 30000 | 12.2 + 0.2 648 = 3.3 | 410 400
i, e a——s . | 0.000 - 107 + 02| 1816+ 115 | 3004 00
e —— g & —4'0 | 0200 | 1000 | 96 + 02| 16104 208 | 289 + 08
[ ] 0700 | 1000 | 88 + 0.1 960 + 57 | 320 00
S . RADIATION INDEX (30000  Gy/h ) : 5.7
| ] RADIATION INDEX ( 100.0  Gy/h ) : 5.9
A E
L | & RESULTS OF OTHIK TESTS :
77 b - . , OXYGLN INDEX(1S0 4583) 390 %
0. 10 10 10 CORROSIVITY (DIN 57472) PASS
ABSORBED DOSC (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
A 3
L S -y 10 CERN MATERIAL No. 951
[ e SHORT -TL 7 .
R e w1 E MATERIAL Sioplas 407/424
| 4 TYPE Red and white (2 layers)
[ B SUPPLIER Fulgor Cavi
| 4 REMARKS Token from sheath of LEP 12,/20 kV cable
I _ TEST RESULTS :
4 Dose Dose Tensile properties Hardness
28 2
10°% —{ 10 rate Strength Etongation Shore D
s 3 {MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
[ ] 0.000 - 100 £ 32| 1184 + 154 | 410 400
- 1 0200 [24x10°[ 111 £ 05| 1000 + 120 | 440 200
ot ‘ : 0500 |2.4x10°} 11.0 + 0.3 6324 7.7 | 450 4 00
a {pe 1.000 |2.4x10°] 103 £ 0.3 520+ 49 | 450 4 00
2 » 5000 [22x10°( 108 + 08| 134+ 1.4 | 520 100
- 1 _ L
g — ¢ ®—e——————B _110 | gggo - |00+ 32| 1184 £ 154 | 410 too
S Y ] 0.200 | 1000 | 79 + 021 1184 & B3 | 401 4 14
- T—e { 0700 | 100 | 60 £ 01 324+ 43 | 430 400
I O R 1 i 5
L ] RADIATION INDLX { 24x10° Gy/h ) : 58
a ¢t RADIATION INDEX {1000 Cy/h ) : 56
Q o
107 LA et et 10 RESULTS OF OTHLE TESTS
o 10 10 1 OXYGLH INDEX(150 4589) NOT MEASURED

ABSORBED DOSE (Gy)

CORROSIVITY (DIN $7477) PASS
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EVA

2

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

]

ABSORBID DOSE (Cy)

— ——r SR CERN MATERIAL No. 1000
[ 10 H MATERIAL EVA
[ ] TYPE £ 4112
- SUPPLIFR Cdbles de Lyon
] REMARKS Sheath  (P)
TEST RLSULTS -
100
Dose Dose Tenslle properties Hardness
rale Strengih Elongation Shore D
(MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
§o 0.000 - 107 + 05 1392 £ 17.4 440 4 0.0
0.200 | 5898.0 | 11.0 + 0.2 1175 ¢ 145 450 + 0.0
0500 | BO07.0 | 111 £ 0.2 756 £ 4.6 46.0 £ 0.0
100 | 1.000 | 6885.0 | 10.1 % 0.4 324 £ 48 480 1 0.0
5.000 |2.2x10°| 148 + 06 150 + 1.7 540 4 0.0
RADIATION INDEX (63460  Gy/h ) : 5.7
& H ] RESULTS OF OTHER 1ESTS -
o OXYGEN INDE X{130 4589) 420 %
#A el e 110 CORROBIVITY (DIN 57472) PASS
10° i 10’

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

[ — ey e 10° CERN MATERIAL No. 1001
RF e MATE RIAL EVA
[ ] TYPE £ 4152
E SUPPLIER Cdbles de Lyon
3 1 REMARKS Sheath  (P)
a
TEST RCSULTS -
0L |
[ ] —_—
[ j Dose Dose Tensile properties Hardness
3 D E rate Strength Elongalion Shore D
i 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
of .
Q e Q.000 - 59 £ 0.4 2668 + 12.7 18.0 4 0.0
=¢ 1 0.200 | 5898.0 | 6.7 + 0.3 198.4 1 111 260 1+ 0.0
0.500 | 5007.0 | 84 + 0.3 1484 + 85 330 £ 0.0
1 1
10 L - —J]10 | 1.000 | 66850 | 90 + 0.6 1048 + 50 38.0 + 00
[ W ] 5000 |2.2x10”[ 137 £ 10 172 £ 36 | 530 4 0.0
¢ - ] o
[ ] RADIATION INDCX (63460  Gy/h ) . 5.8
O R
S ]
o ] RESULTS OF OTIFR TESTS -
o o OXYGEN INDEX(150) 4589) 380 %
' leg PN | T I COFROSIVITY (DIN 57470) PASS
a1 1c° 10

ABSORBLD DOSE (Cy)
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FLAMTROL, trade name of Raychen
see polyolefins in 1st edition (Ref. [16])

FLUOROPOLYMERS
see HALAR
see TEFLON
see TEFZEL
see VITON
in 1st edition (Ref. [16])
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HALAR, fluoropolymer trade name of Allied Chemical
see in 1st edition (Ref. [16])

HYPALON, chlorosulfonated polyethylene (CSP) trade name of Du Pont de Nemours
see in 1st edition (Ref. [16])

HYTREL, polyester elastomer trade name of Du Pont de Nemours
see in 1st edition (Ref. [16])
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KAPTON, polyimide film trade name of Du Pont de Nemours
see in 1st edition (Ref. [16]).
For general characteristic, see Tables 1 and 2.
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LUPOLEN, trade name of BASF
see EVA-based materials and polyethylene
See also in 1st edition (Ref. [16])
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MEGOLON, trade name of Lindsay & Williams Ltd.
see polyolefins
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NEOPRENE, chloroprene rubber trade name of Du Pont de Nemours
see in 1st edition (Ref. [16])

NORDEL, trade name of Du Pont de Nemours
see-EPDM in 1st edition (Ref. [16])
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POLYCHLOROPRENE
see NEOPRENE in 1st edition (Ref. [16])

PE
polyethylene
PEEK
polyether ether ketone, see 1st edition (Ref. [16]).
For general characteristics, see Tables 1 and 2.
POLYIMIDE

see KAPTON in 1st edition (Ref. [16])
POLYOLEFINS

PUR
polyurethane

PVC
see polyvinyl chloride in 1st edition (Ref. [16])
PVC standard
PVC flame-retardant

PYROFIL, trade name of Détwyler for material based on EPDM;
see EPDM in 1st edition (Ref. [16])
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POLYETHYLENE

[-CH;-CH:- 1o

For general characteristics, see Tables 1 and 2.

See also in 1st edition (Ref. [16]).

PE



Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
549 LDPE Studer Kabel 0.0 - 15.2 581 42 19
DFDM 6005 (BP) 0.5 2x10% 12,6 270 45 5.6
1.0 2x105 11.6 99 44
5.0 2x105 9.7 14 44
678 DFDS 6032 NKT 0.0 - 17.1 681 53 19
0.5 2x10° 15.5 126 55
1.0 2x10% 15.2 116 56
5.0 2x10° 18.4 23 59
726 DFDK 4906 Huber & 0.0 - 3.0 28 38 17
Suhner 0.5 2x10° 2.6 22 36 5.9
1.0 2x105 2.8 12 41
5.0 2x105 1.6 6 41
750 Insulation of Cables 0.0 - 12.1 435 48 -
ISR (FKID) de Lyon 0.01 0.13 13.5 527 48 4.4
cables 0.05 0.65 9.9 124 48
757 Black sheath kabelmetal 0.0 - 12.3 464 47 -
of ISR power electro 0.001 0.002 12.4 472 47
cables 0.004 0.01 11.5 469 46
(life tests) 0.015 0.10 13.2 490 47
0.040 0.14 13.2 436 46
758 White insul. kabelmetal 0.0 - 12.4 471 46 -
of ISR power electro 0.004 0.01 11.4 457 47
cables 0.015 0.10 13.2 47% 47
(life tests) 0.040 0.14 1.1 396 47
783 972 Silec 0.0 - 18.9 610 49 17
HT sheath 0.5 2x10° 21.0 358 49 5.8
1.0 2x10% 16.5 190 52
5.0 2x10° 13.7 20 53
790 NCPE 1386 Neste 0.0 - 14.0 121 51 39
(Unifos) 0.5 2x 10° 18.0 92 54 5.9
1.0 2x105 17.6 51 56
5.0 2x10% 16.2 7 68
0.2 7000 14.6 121 51 5.7
0.5 7000 14.6 72 53
1.0 7000 13.2 24 57
0.2 100 11.8 76 50 5.3
0.5 100 7.2 7 51
866 Lupolen kabelmetal 0.0 - 11.7 414 50 -
1817 HX electro 0.001 0.04 11.4 468 48
SPS HT sheath 0.002 0.09 14.3 475 53
(life tests) 0.010 0.43 11.6 464 48
867 Lupolen kabelmetal 0.0 - 13.6 474 51 -
1812 DSK electro 0.001 0.04 11.7 391 50
SPS HT insul. 0.002 0.09 12.7 439 50
(life tests) 0.010 0.43 11.2 379 50
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Dose
rate
(Gy/h)

Tensile properties

R

{(MPa)

H

{°D)

Ol  RI

(%)

News 1386

2x 105
2x 108
2x10°%

100
100

14.3
17.4
17.6
11.2

12.4
5.2

44
47
48
54

42
29

5.9

5.5




DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3

o)

A L s ool

T T T

f

T Iy

Aerdamdnd oL

1

.

10° 1
ABSORBED DOSE ((_?y)

10’

CERN MATERIAL No. 549
MATE Al PE Low Density
TYPE . DFDM 6005 by BP
SUPPLIER Sluder~Kabel
REMARKS lasulation (P)
TEST RESULTS
Dose Dose Tenslle propertles Hardness
rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 - 152 £ 19 581.0 + 740 420 £ 00
5
Q0500 j1.7x10° 1 125 £ 0.9 2700 £ 157 455 1 00
1.000 l.7x105 116 £ 0.5 990 + 29 440 + 00
5.000 17):1()5 9.7 £ 01 140+ 28 440 + 00
| [
RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
RESULTS OF OTHER TESTS @
OXTGEN INDEX(1SO 4.9) 185 7%
CORROSIMITY (DIN 57472) PASS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

ABSORBED DOSE (Gy)

’ S— e 10 CERN MATERIAL No. 678
R £ 1EH MATE RIAL Polyethylene
i ) TYPE . DFDS 6032
! ] SUPPLIER  : NKT
L 4 REMARKS Insulation
TEST RESULTS :
a |
r .
i ] Dose Dose Tenslle propertles Hardness
p B rale Strengih Elongation Shore D
i h {MGy) | (Gy/H) R (MPa) E (%) H (Degree)
po | 0-000 - 171 £23] 6808 & 473 530 + 0.0

5 <D 1 0500 [1.7x107] 155 + 0.1 1256 £ 140 550 1 0.0

88— 1.000 | 1.7x10°] 152 + 0.7 | 1156 + 96 | 560 £ 0.0
B 410" | s000 [1.7x10°| 184 + 086 228+ 1.8 | 590 £ 00
- 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 6.7
- ]

&t RESULTS OF OTHER TESTS -
& H OXYGEN INDLX(1SO 4589) 190 %
o CORROSMITY (DIN 57472) PASS

A 1 Loaoa a1l L) 10
77
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PE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 | T — vy 10 CERN MATERIAL No. 726
R 1€ MATERIAL Polysthylene
! ] TVPE DFDK 4960
L g SUPPLIER Huber & Suhner
g REMARKS P)
TEST RESULTS :
10 L _1d
9 ]
1 ] Dose Dose Tensile properties Hardness
3 5 rate Strength Elongation Shore D
b (MGy) | (Gy/H) R (MPo) E (%) H (Degrse)
Ocj IS 0.000 - JO £ 0.4 276 x 136 38.0 £+ 00
-3 X 0.500 | 1.8x10°| 2.6 + 0.4 224 + 21.2 36.0 £ 0.0
, , | 1:000 1.8x10°| 2.8 + 0.4 124 £ 3.6 410 £ 00
10 —)10' | soo0 [ 1.8x10°| 16 + 0.4 6.2 + 4.4 410+ 00
. RADIATION INDEX ( 1.8x10° Gy/h ) : 5.9
i RESULTS OF OTHER TESTS :
OXYGEN INDEX(1SO 4589) 173 %
o 1 o CORROSIVITY (DIN 57472) PASS
100 Lea e PR UATS R T
77
0. 10 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10— . ey 10° CERN MATERIAL No. 750
R ] E.H MATERIAL Polysthylens
] TYPE white insulation
E SUPPLIER Clbles de Lyon
1 REMARKS ISR cables for FKID (C)
TEST RESULTS :
10° 1
E Dose Dose Tenslle properties Hardness
& & E rale Strength Elongation Shore D
b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[cf po 0.000 - 121 £ 02 ] 4350 £ 1.7 48.0 % 0.0
3 A 0.010 01 {135 + 03| 5275 £ 166 480 4 0.0
0.050 06| 99 + 0.1 1240 £ 26.3 475 £ 0.0
1
10’ _g\e —310
1 RADATION INCEX (04  Gy/h): 4.4
L o R 4
! . RESULTS OF OTHER TESTS :
At | OXYGEN INDEX(ISO 45B9) NOT MEASURED
[ © H CORROSMITY (DIN 57472) PASS
° . R N R Y &
10 L ¢
0. 1o 10
ABSORBED DOSE (Gy)
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

103 ' T T vrrrr lll T T T vy 'll T T 1T rTerryT 103 CERN MATER|AL No' 757
R ] £ MATERIAL Polyathylane
M\ ] TYPE black sheath
F ) 4 SUPPLILR kabelmetal eleciro
- 4 REMARKS taken from ISR power cables
TEST RESULTS :
10 L _]1d
[ ] Dose Dose Tensile properties Hardness
¥ 3 ¥ & & o 1 rate Strength Elongation Shore D
I 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
Q_o 5 0.000 - 123 + 09 4640 £ 16.7 460 x 00
27T 1 0.000 00 }{124 £ 15 4720 £ 735 47.0 £ 0.0
D M@\@ 0.004 00 [ 115 + 0B | 4690 640 | 460 £00
10 - —] 10‘ 0.015 0.1 13.2 £ 1.6 4900 + 619 47.0 1 0.0
i 0.040 0.1 [ 122 £ 1.8 | 4360 + 426 | 460 £ 00
! o & ) RADIATION INDEX ( Q.1  Gy/h ) > 47
[ A €
[ ¢ H 1 RESULTS OF OTHER TESTS :
o OXYGEN INDEX(I1SO 4589) NOT MEASURED
10 ,,‘ AW EET | I e e | deea a1 add 10 CORROSIVITY (DIN 57472) PASS
0. 10 10’ 10" 10°
ABSORBED DOSE (GCy)
DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 1 T L AL 'I T T 3T 70T 'I' Y T T T TTFF ‘0 CERN MATERIAL No. 758
R 1 MATERIAL Polyethylene
. ‘i\ ) TYPE white Insulation
§ 4 SUPPLIER kabeimetal electro
s E REMARKS taken from ISR power cables
TEST RESULTS :
10 L T
[ ] Dose Dose Tensile propertiss Hardness
é & o & Y L rote Strength Elongation Shore D
1 > e 1 {MGy) | (Gy/H) R (MPa) E (%) H (Degree)
. .
Q? pe 0.000 - 124 4+ 20 4713 + 70.4 460 + 00
=T 1 0.000 00 | 13.7 £ 1.2 5510 + 358 470 £ 00
1(5 . 0.004 00 | 114 £ 22 4570 £ 90.4 465 + 0.0
10 £ —] 10 0.015 0.1 132 £ 1.7 4750 + 66.6 47.0 £ 0.0
] 0.040 041 [ 110 £ 1.3 | 3960 % 64.3 | 46.0 +0.0
[ ] RADIATION INDEX 01 Gy/h) >47
o R 1 ( y/h )
- A ¢ |
[ o H ] RESULTS OF OTHER TESTS :
o OXYGEN INDEX{ISO 4589) NOT MEASURED
10 IIIA a1 gt s sl sl 10 CORROSMITY (DIN 57472) PASS
0. 10 10" 10" 10°

ABSORBED DOSE (Gy)

117

PE



PE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

[ S — I T CERN MATERIAL No. 783
R 1€ MATERIAL Polysthylene
] TYPE HT sheath 3972
i SUPPLIER SILEC
L - REMARKS *)
TEST RESULTS
10 | _11d
[ 7 Dose Oose Tenslie properties Hardness
3 ' E rafe Strength Elongation Shore D
i b {MGy) | (Cy/H) R (MPo) £ (%) H (Degree)
& po | 0000 ~ |189 + 20 6096 + 292 | 490 £00
>0 /M@ 1 0.500 | 1.8x10°[ 210 £ 3.2 | 3584 £ 199 | 490 £ 00
‘ | 1o 18x10°| 165 + 1.0 | 1904 £ 134 | 520 x 00
0 L 410" | 5000 | 1.8x10°| 137 & 06 204 + 22 | 530 +£00
. . RADIATION INDEX ( 1.8x10° Gy/h ) : 5.8
L o )
a ) i
I | RESULTS OF OTHER TESTS :
® OXYGEN INDEX(150 4589) 171 %
. o CORROSMTY (DIN 57472) PASS
10 1 A " o agnl " aa 23143110
77
0. 10 o 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, {EC 544
3 3 R
10 ———rr S | CERN MATERIAL No. 796
r 5
RF —17x107Gy/n ] ¢ MATERIAL Polyethylens
[ ~--70400 Gy/h ] TYPE NCPE 1386
: —— 1000 Gy/h ] SUPPLIER Neste Chemicals {Unifos)
REMARKS *)
TEST RESULTS :
Dose Dose Tensile properties Hardness
rate Strength Elongation Shore D
(MGy) | (Cy/H) R (MPa) E (%) H (Degree)
0.000 - 140 + 05| 1210+ 73 | 510 400
0.500 |1.7x10°| 180 £ 0.3 916+ 79 | 540100
1.000 |1.7x10°] 176 0.7 508 + 48 | 560 %00
5000 |1.7x10°} 16.2 + 0.4 68 + 1.1 68.0 + 0.0
0.000 - 140 £ 05| 1210+ 7.3 | 51.0 400
0200 | 69600 | 146 £+ D4 | 1208+ 72 | 510400
0.500 | 71600 | 146 4 05 720+ 80 | 530 +00
1.000 | 68700 | 132 + 02 240+ 00 | 570 +00
0.000 - 140 £ 05| 1210+ 7.3 | 51.0 400
I A E ] 0200 | 1000 | 118 % 0.4 760+ 7.6 | 500 400
_ 0500 | 1000 ] 7.2 + 0 72 & 11 51.5 + 0.0
1 L Y R BT RADIATION INDEX ( 1.7x10% Gy/h ) : 59
- s 5 RADIATION INDEX (70150  Gy/h ) : 5.7
u. 10 10 10 RADIATION INDEX ( 1000  Gy/h ) : 53
ABSORBLD DOSE (Gy)
OXYGEN INDEX(ISO 4589) 88 %
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DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10

0 ———rrr et CERN MATERIAL No. 866
RF J £.H MATERIAL Polysthylene
[ i TYPE Lupolen 1B17 HX
y: % % % - SUPPLIER kabelmetul electro
| . REMARKS Sheath of 2 kV cable 2YC2Y
TEST RESULTS
10 L |
i ] Dose Dose Tensile properties Hardness
[::3 e’/&\_e 4 rale Strength Elongafion Shore D
i h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ch 5o 0.000 - 1.7 £+ 1B 4144 + 293 505 + 0.0
=7 1 0.001 00 ] 114 £ 119 468.0 + 73.2 48.0 £ 0.0
a» . 0.002 0.1 143 £ 1.3 475.0 £+ 82.6 530 £ 00
101_2. —{ 10 0.010 44116 £ 19 463.7 £130.2 480 £ 00
L p
i ] RADIATION INDEX (0.4  Gy/h ) > 4.0
[ O R 1
L A p
| | RESULTS OF OTHER TESTS :
S H OXYGEN INDEX(ISO 4589) NOT MEASURED
° ° CORROSMTY (DIN 57472) PASS
10 Lge A " o0 42 aval " e 110010
77
0. 10 10° 10°
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
3 3
10 ——rrrry ——r—r—1rrrry 10 CERN MATERIAL No.  : 867
RF 1 MATERIAL Polyethylens
IS J TYPE Lupolen 1812 DSK
& %/&\ﬂ | SUPPLIER kabelmetal efectro
5 4 REMARKS Insulation of 2kV cable 2YC2Y
TEST RESULTS
WL _|d
[ ] Dose Dose Tenslle properties Hardness
SO ——— o E rale Strength Elongation Shore D
3 7 (MGy) | (Gy/M) R (MPa) E (%) H (Degree)
Q(? pe 0.000 - 136 + 2.0 4744 £+ 683 510 £ 00
> b 1 0.001 00 | 117 £ 13 390.6 + B6.6 500 £ 00
0] @/@,\\_@ 0.002 0.1 | 127 £ 15| 4386 £ 585 | 500 % 0.0
101_: — IO‘ 0.010 0.1 11.2 + 0.8 3794 + 21.0 495 + 0.0
i 1 RADIATION INDEX (0.1 Gy/h ) > 4.0
L o R ]
- ] i .
| ] RESULTS OF OTHER TESTS
¢ OXYGEN INDEX(I1SO 4589) NOT MEASURLD
o o CORROSIVITY (DIN 57472) PASS
10 Led " N E e | a TS i 1Y)
77
0. 100 10* 10°

ABSORBED DOSE (Gy)

PE



DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

L — ey 10° CERN MATERIAL No. 908
R :?gﬁg’{;ﬁ“ £ MATERIAL  : Polyethylene
[ ] TvPE : NCPE 1386
N B SUPPLIER . Neste via Norsk Kabel EB
| R REMARKS . Taken from prototype cable

TEST RESULTS

* Dose Dose Tensile properties Hardness
102 - -1 107 rate Strength Elongation Shore D
[ E (MGy) | (Gy/H) R (MPa) E (%) H (Degrea)
[ i 0.000 - 143 £+ 09 | 1265 + 102 | 440 £00
- . 0500 |25%10°| 17.4 + 07 950 + 79 | 470 +00
ot . 1.000 |2 bno: 17.6 £ 0.4 465 + 45 | 480 400
%_' | Jye | s000 |25x107| 112 2 0.4 57+ 10 | 540 +00
.? . | q.o00 - 142 10| 1315+ 60 | 380 +00
0 - — 0 | 6200 1000124 £05] 1271+ 94 | 415 +22
r ] 0700 | 1000 | 52 + 0.3 40+ 14 | 290 £00

1 RADITION INDEX ( 2.5x10° Gy/h ) : 5.9

o R
I | RADIAIION INDEX { 100.0  Gy/h ) : 55
A E
o 0 RESULTS. OF OTHER TESTS -
10° Lo S| NP R T o )
A OXYGFN INDEX(150 4583) : 360 %
o 10 10 10’ CORROSIVITY (DIN 57472) 1 PASS

ABSORBED DOSL (Cy)
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POLYOLEFINS

POLYOLEFINS

Polyolefins are thermoplastic (or sometimes cross-linked) compounds, mainly based on
copolymers obtained from polyethylene and other aliphatic monomers.
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POLYOLEFINS

Mat. Type Supplier Dose Dose  Tensile properties H ol RI
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D) (%)
414 Acorad Acome 0.0 - 18.3 443 42 32
Insulation 0.5 2x 105 16.9 194 44
1.0 2x10°% 13.1 112 40
5.0 2x10°% 9.9 20 43
415 Acorad Acome 0.0 - 17.6 442 51 27
Sheath 0.5 2x 105 16.4 120 58
1.0 2 x 108 16.5 50 b5
5.0 2x10% 19.2 20 60
434 801 internal Silec 0.0 - 3.7 621 27 42
sheathing 0.5 2x10° 9.6 40 43
1.0 2x105 10.6 32 47
5.0 2x 105 15.2 16 62
469 Sheath Cablexport/ 0.0 - 11.5 205 25 29
ISR cables Pirelli 0.5 2x 105 12.8 120 31 5.9
1.0 2x105 12.5 93 35
5.0 2x 105 13.7 23 51
472 Afumex Pirelli 0.0 - 2.9 130 29 35
Sheath 0.5 2x 105 3.8 23 32
1.0 2x105 4.0 17 33
5.0 2x105 4.6 12 41
519 BP/MCA 236 BICC 0.0 - 16.7 527 42 27
cured 0.5 2x 105 16.7 302 45 5.8
1.0 2x105 13.8 223 49
5.0 2x 108 11.4 26 51
520 BP/MCA 245 BICC 0.0 - 11.2 634 46 25
unirradiated 0.5 2x 105 13.2 349 48 5.7
1.0 2x 105 9.0 160 52
5.0 2x 105 12.3 22 53
521 BP/MCA 245 BICC 0.0 - 14.2 482 47 24
irradiated 0.5 2x10% 11.9 256 48 5.7
1.0 2x10° 9.7 146 50
5.0 2x10% 11.9 24 39
560 2GV 38AF/4 Pirelli 0.0 - 10.8 325 34 28
Sheath 0.5 2x 108 10.3 197 35 5.9
1.0 2x10° 10.1 148 34
5.0 2x10° 14.1 26 36
684 Rheyhalon AEG-Kabel 0.0 - 6.2 202 41 46
Sheath 0.5 2x10% 8.0 78 42
No longer in 1.0 2x105 7.0 54 39
production 5.0 2x10° 12.9 17 55
0.2 94 7.7 89 45
0.5 94 8.3 46 48
712 CogegumAFR  Metallurgica 0.0 - 8.3 505 42 24
Bresciana 0.5 2x10% 9.5 152 44
1.0 2x 105 9.5 57 45
5.0 2x 108 10.7 12 55
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POLYOLEFINS

Mat. Type Supplier Dose Dose Tensile properties H Ol
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D) (%)
716 NCPE 5040 Neste 0.0 - 5.7 131 40 31
(Unifos) 0.5 2x10° 10.4 81 43
1.0 2x10°% 9.9 51 40
5.0 2x 108 16.4 8 64
0.2 100 7.9 93 45
0.5 100 6.7 20 46
746 Megolon S 2 Lindsay & 0.0 - 6.9 223 44 50
Sheath Williams 0.5 2x 105 9.8 49 47
1.0 2x10° 11.8 32 51
5.0 2x 105 15.9 6 67
747 Megolon | Lindsay & 0.0 - 6.1 444 32 26
LV Insulation Williams 0.5 2x 108 6.1 161 34
1.0 2x 105 7.5 66 37
5.0 2x10°% 11.7 16 52
751 802 external Silec 0.0 - 6.7 550 41 39
sheathing 0.5 2x10% 134 18 57
1.0 2x 105 15.1 12 58
5.0 2x10% 20.1 6 68
754 BPD 2983FR Cabeltel 0.0 - 6.9 239 40 -
+ LFHS 5040 0.5 2x105 8.9 140 44
1.0 2x 108 10.0 76 46
5.0 2x105 13.0 14 58
784 244 X-L Silec 0.0 - 10.2 94 38 52
Sheath 0.5 2x10% 12.2 57 43
1.0 2x10°% 11.6 47 46
5.0 2x 105 156.7 12 53
785 251 X-L Silec 0.0 - 14.4 216 48 30
Insulation 0.5 2x105 14.7 110 51
1.0 2x10% 13.3 40 50
5.0 2x105 13.6 12 58
786 270 Thermopl. Silec 0.0 - 11.6 161 48 35
Sheath 0.5 2x 108 13.2 130 50
1.0 2x10° 11.5 66 48
5.0 2x105 13.1 12 57
788 ZH 33 Acome 0.0 - 11.1 109 37 49
Cross-linked 0.5 2x10°% 15.1 66 46
1.0 2x10% 15.0 43 49
791 Cogegum Padanaplast 0.0 - 12.0 551 42 35
AFR/1 0.2 7000 14.4 236 47
Sheath 0.5 2x 105 18.3 177 47
1.0 2x 105 18.9 112 49
5.0 2x10° 14.4 11 62
0.2 100 9.1 176 44
0.5 100 7.1 17 49
0.7 100 6.1 20 44
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POLYOLEFINS

Mat. Type Supplier Dose Dose Tensile properties H Ol Rl
No. rate R E
(MGy) (Gy/h) {MPa) (%} (°D) (%)

813 Rheyhalon AEG-Kabel 0.0 ~ 15.8 174 48 32
Cross-linked 0.5 2x10% 15.2 118 50 5.9
Copolymer 1.0 2x105 14.9 80 51

5.0 2x105 15.1 15 59
0.2 100 16.9 147 51

814 Rheyhalon AEG-Kabel 0.0 - 13.2 172 46 37
Cross-linked 0.5 2x 108 13.7 106 47 5.9
Copolymer 1.0 2x10% 13.7 74 48

5.0 2x 105 16.6 16 59
0.2 100 187 49
862 NCPE 5040 Déatwyler 0.0 - 8.8 141 a4 38
Sheath of 0.2 2x10% 13.8 117 46 5.9
LEP cable 0.5 2x 105 14.5 91 47
1.0 2x 105 15.2 65 53
0.2 7000 11.8 121 42 5.7
0.5 7000 12.4 79 45
1.0 7000 12.5 38 51
0.2 100 9.3 124 44 5.4
0.5 100 7.1 30 46
886 D 2879FR BP Chemicals 0.0 - 9.0 535 42 25
1987 plates 0.5 3x10° 13.3 374 44 5.9
1.0 3x105 10.0 190 45
5.0 3x105 10.8 12 52
0.2 100 7.4 464 40 5.4
- 0.7 100 8.4 52 43
891 Megoion S 1 Lindsay & 0.0 - 7.0 194 41 54
Sheath Williams 0.5 2x 108 8.7 57 43
1.0 2x105 9.9 33 46
5.0 2x 105 12.4 7 61
892 Megolon S 1 Lindsay & 0.0 - 7.8 97 44 53
Sheath Williams 0.5 2x10° 9.2 50 46 5.7
annealed 1.0 2x105 9.7 33 47
5.0 2x10° 11.9 7 66
893 Megolon S300 Lindsay & 0.0 - 10.9 125 32 36
Sheath Williams 0.5 2x 105 12.5 62 35 5.6
1.0 2x 105 12.7 32 37
5.0 2x 105 11.1 6 40
0.2 100 11.4 70 34
kSH 4 Cogegum Padanaplast 0.0 - 12.9 273 39 -
AFR/2 viaNK EB 0.2 3600 15.6 168 47 5.5
Sheath 0.5 2x10° 14.6 96 42
1.0 2x10° 15.3 60 47
5.0 2x10°% 8.0 10 51
0.2 100 10.1 117 43
0.7 100 5.3 9 45
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POLYOLEFINS

Mat. Type Supplier Dose Dose Tensile properties H Ol Ri
No. rate R E
(MGy) (Gy/h) (MPa) {%) (°D) (%)
937 ZH 33 (XL) Acome 0.0 - 8.6 121 27 -
Sheath of 0.2 1100 9.6 87 29 5.6
LEP cable 0.5 2200 10.0 54 39
1.0 2700 10.7 28 49
0.2 100 8.0 924 20 5.6
0.7 100 4.9 50 22
953 Megolon S300 Lindsay & 0.0 - 16.5 171 31 -
Sheath Williams 0.2 2x10° 16.7 147 42 6.1
15 parts of 0.5 2x10° 15.1 122 42
stabilizer 1.0 2x 1068 14.2 102 42
5.0 2x 108 10.7 22 46
0.2 100 13.0 121 34
954 Megolon S300 Lindsay & 0.0 - 14.8 154 32 -
Sheath Williams 0.2 2x 105 13.8 129 35 6.0
10 parts of 0.5 2x10° 13.6 112 39
stabilizer 1.0 2x105 13.1 87 42
5.0 2x10° 10.5 14 46
955 Megolon S2-1 Lindsay & 0.0 - 7.0 415 36 -
Sheath Williams 0.2 2x10° 6.8 301 37 5.5
0.5 2x10° 5.8 169 35
1.0 2x10° 7.3 118 36
5.0 2x10% 13.2 18 49
0.2 100 8.9 219 40
956 Megolon S2-5 Lindsay & 0.0 - 5.6 486 35 -
Sheath Williams 0.2 2x105 5.4 354 35 5.6
0.5 2x105 5.9 226 35
1.0 2x10°8 7.0 164 35
5.0 2x105 11.7 25 47
961 Cogegum Padanaplast 0.0 - 6.4 560 34 36
AFR/11 0.2 2x105 7.7 563 34 5.8
Sheath 0.5 2x10° 6.5 418 35
1.0 2x10% 5.2 37 36
5.0 2x10% 6.6 5 50
0.2 3000 7.4 490 37 5.7
0.5 3000 6.7 383 38
1.0 3000 6.3 24 41
980 Rheyhalon AEG-Kabe! 0.0 - 13.7 237 45 37
Sheath 0.2 3000 13.1 207 46 5.8
Radiation- 0.5 3000 12.8 169 48
resistant 1.0 3000 12.8 102 50
981 Rheyhalon AEG-Kabel 0.0 - 13.7 237 46 37
Sheath 0.2 3000 13.5 155 47 5.4
0.5 3000 13.2 65 49
1.0 3000 9.2 9 51
' 994 Rheyhalon AEG-Kabel 0.0 - 6.4 216 40 -
Sheath of 0.2 7000 9.3 146 47 5.6
production 0.5 7000 11.4 94 51
1 kV cable 1.0 7000 13.9 58 60
5.0 2x 105 16.3 6 67
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" —— ey 10 CERN MATERIAL No.  : 414
R F £ MATERIAL  :  Polyolefin
[ ] TYPE :  Acorad
A . SUPPLIER  : Acome
L g REMARKS  * Insulation (P)
TEST RESULTS :
oL |
[ ] Dose Dose Tensile propertles Hardness
- R rate Strength Elongalion Shore D
¢ 1 (MGy) | (Gy/H) | R (MPa) E (%) H (Degree)
2 yo | 0000 — 183207 ] 4304£ 115 | 420+00
S ] 0.500 | 1.7x10°| 169 + 1.4 | 1940 + 139 | 440 £ 00
, | 1ooo 17x10°} 131 £ 07| 1120+ 45 [ 39500
10' L —j 10 | s.000 1.7x10°} 9.9 + 2.0 200 £ 7. 43.0 1 0.0
- ] RADIATION INDEX { 1.7x10° Gy/h ) < 5.7
O R )
| &t | RESULTS OF OTHER TESTS :
& H OXYGEN INDEX(ISO 4589) : 320 %
o o CORROSMTY (DIN 57472) :  PASS
10° Led el v e a0
77
0. 10 1 10
ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

00 ——r— vty 10 CERN MATERIAL No. : 415
RF 1E MATERIAL  :  Polyolefin
A ] TYPE . Acorad
7Y B SUPPLIER : Acome
i . REMARKS : Sheath  {P)
TEST RESULTS :
10 L |
[ ] Dose Dose Tensiie propertles Hardness
L E rate Strength Elongation Shore D
o h (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
& pe 0.000 - |76 £13 4420 + 32.1 510 £ 00
=0 — ’ 0500 | 1.7x10 | 164 + 0.4 | 1200 + 100 | 580 %00
, | 1000 i17x107 165 & 0.2 500 £ 4.3 55.0 £ 0.0
10 L 410"} 5000 |1.7x10%] 192 £ 05 200 + 00 | 600 %00
i . RADIATION INDEX { 1.7x10° Gy/h ) < 5.7
L o R ]
A E A
| | RESULTS OF OTHER TESTS :
¢ H OXYGEN INDLX(1LO 4589) : 270 %
o o CORROSMITY (DIN 57472) :  PASS
10 /A 1 TSNS | " « 00 s3 10
0. 10 10° 10’

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
100 . SR ——— T 10° CERN MATERIAL No. 434
Rli 1E MATERIAL Polyolefin
[ ] TYPE 801 — Internal sheath
L 1 SUPPLIER SILEC
E REMARKS Flame retardant (P)
TEST RESULTS :
w0 L 1
5 R
[ ] - _ .
3 ] Dose Dose Tensile properties Hardness
PO . -
5 ’ R rate Strenglh Elongation Shore D
i 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ok 4 T S
4 yo | 0000 - 37 £ 03] 6210 £ 390 | 265 + 00
=7 ] 0500 |1.7x10°| 96 + 03 400 £ 33 | 430 t00
1.000 | 1.7x10”| 106 + 0.6 320+ 00 | 470 t 00
10| 410" | 5000 | 1.7x10°] 152 + 0.4 160 + 00 | 620 400
i . RADIATION INDEX { 1.7x10° Gy/h ) < 5.7
[0 ® R T
SN ] ‘
i ] RCSULTS OF OTHER TESTS :
° OUXYGEN INDEX{I5UC 4589) 420 %
0 o CORROSIVITY (DIN 57472) PASS
10 A 1 PR | " soaos a0
0. 10° 10° 10’
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10— S— ety 10° CERN MATERIAL No. 469
R} 1€ MATERIAL Polyolefin
[ ] TYPE Sheath
| g SUPPLIER Cablexporl / Pirelli
s L REMARKS ISR magnet cables  (P)
y: § b
TEST RESULTS :
10 L 41
E ] Dose Dose Yensile properties Hardness
- 1 rate Sirength Elongation Shore D
3 b {(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
29 pe | 0000 - 115 £ 02 | 2050 + 11.7 | 25.0+00
=7 ] 6.500 | 1.7x10°{ 12.8 + 0.4 | 1200 = 6.1 310 £ 0.0
W@ 1.000 {1.7x10°] 125 + 06 930 + 2.7 | 350 %00
109 410" [ s000 | 17107} 137 £ 15 230+ 45 | 51.0 4 0.0
: 1 RADIATION INDEX ( 1.7x10° Gy/h ) : 5.9
L o & ]
a ¢t ) RESULTS OF OTHFR TESTS :
o H OXYGEN INDEX(ISO 4589) 290 %
° o CORROSIMITY (DIN 57472) PASS
100 Lot il o eaadd 10
0. 10 1o 10
ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 SU— ; S I CERN MATERIAL No. 472
R | i MATERIAL Polyolefin
[ ] TYPE Afumex
] SUPPLIER Pirelli — A.Pasta
e REMARKS Surface deformations after irradiation
A TEST RESULTS :
2 2
1w L i
T 1 Dose 'bose Tensle properties Hardness
- R rate Strength Elongation Shore D
g ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
O<> T
a po | 0000 -~ 29 + 02| 1296 £ 615 | 290 £00
p= ] 0.500 {1.7x10°| 38 % 0.3 232 + 44 | 320 400
' 1.000 [1.7x10°| 40 % 0.4 168 + 33 | 330400
10 L 110" | 5000 |1.7x10°] 46 £ 10 120+ 33 | 410 £00
r 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
i W’/—_ﬁ) 1
D Ak 1
! | RESULTS OF OTHER TESTS :
o H OXYGEN INDEX{ISD 4589) 350 %
o R CORROSMITY (DIN 57472) PASS
100 Lo et . NP T
77
o 10 10° 10’
ABSORBED DOSE {Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 >
10 —r—rr ey |0 CERN MATERIAL No. 519
R ie MATERIAL Polyolefin
] TYPE BP/MCA 236 - Cured
! i SUPPLIER BICC
" J REMARKS : (P)
TEST RESULTS :
10 L 1
[ ] Dose Dose Tenslle properties Hardness
- 1 rate Strengih Elongation Shore D
A 4 1 (MGy) | (Gy/H) | R (MPa) E (%) H (Degras)
& Jpe | 0000 - 18702 5270+ 57 | 415400
>4 0500 | 1.7x10]16.7 £ 1.6 | 3020 + 67 | 445200
”—__\K@\_@ 1000 [1.7x10°| 138 £ 1.7 | 2225 + 143 | 49.0 £ 00
10 | — 10' | 5000 [1.7x10°] 114 + 0.4 260+ 22 | 510 00
i 1 RADIATION INDEX ( 1.7¢10° Gy/h ) : 58
TP .
! 4t | RESULTS OF OTHER TESTS :
® OXYGEN INDEX(ISO 4588) 270 %
o 0 CORROSIVITY (DIN 57472) PASS
10 s A i et a2 gl 2 g aagl 10
77
a. 10° 10° 10’
ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

ABSORBED DOSE (Gy)

3 3
10" — — T ' e 10 CERN MATERIAL No. 520
E
R 1 E MATERIAL Polyotiafin
J TYPE BP/MCA 245 unirradialed
B SUPPLIER BICC
4 REMARKS = (P)
TEST RESULTS ¢
2 2
10 —] 10
1 Dose Dose Tenslle properties Hardness
E rale Strength Elongation Shore D
1 (MGy) | (Gy/H) R (MPa) € (%) H (Degree)
O h -4
Qo e 0.000 - 1.2 + 0.3 6340 + 22.2 46.0 + 0.0
= 1 0.500 1.7)(105 13.2 + 31 349.0 + 47.4 480 + 0.0
. 1.000 11.7x10 90 £ 0.6 160.0 + 85.7 515 £ 0.0
‘D -6 I s ..
10 —| 10 5.000 | 1.7x107] 12.3 £ 0.4 215 x 22 525 £ 00
i 1 RADIATION INDEX ( 1.7x10° Gy/h ) : 5.7
- ® R p
T A € 1 ) .
| ] RESULTS OF OTHER TESTS -
o H OXYGEN INDEX(ISO 4580) : 250 %
o o CORROSIMTY (DIN 57472) PASS
10 Led 1 e 20l L 2o aaal 10
77
0. 10° 10° 10’

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10° T ——rrr —r—r—rr 10" CERN MATERIAL No.  : 521
R 1E MATERIAL Polyolefin
] TYPE BP/MCA 245 Irradiated
s : SUPPLIER BICC
s : REMARKS = (P)
TEST RESULTS
100 L i
] Dose Dose Tenslle propertles Hardness
& E rale Strengih Elongation Shore D
[ 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
a pe | 0.000 - 142 4+ 1.0 | 4815 £ 236 | 465 100
= 1 0500 |1.7x10°] 119 1 1.5 | 2560 + 19.2 480 £ 0.0
0] 1000 [1.7x10°| 97 + 06| 1460 % 26.1 495 £ 0.0
o' | m/’m 410" | 5000 |1.7x10%} 119 % 0.3 235+ 42 | 385400
[ ] RADIATION INDEX ( 1.7x10° CGy/h ) : 57
L @ R J
| s f RESULTS OF OTHER TESTS :
o H OXYGEN INDEX(ISO 4584) 240 %
CORROSIVITY (DIN 57472) PASS
v Q
10 LA e el RSN BTV
7 -
0. 10 1o 10/
ABSORBED DOSL (Cy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 — e 10 CERN MATERIAL No. . 560
R F EH MATERIAL  : Polyolefin
[ ] TvPE © 26V 38 AF/4
| E SUPPLIER . Pirellt
A . REMARKS - Sheath (P)
TEST RESULTS
10 | 1
[ ] Dose Dose Tensile properties Hardness
- E rate Strength Elongation Shore D
<; B W’ N h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
of 1 -
& \é ye | 0000 ~ | 108£02 | 3248 %218 | 340400
ST 7 0500 |2.0x101 10.3 % 0.1 1968 + 143 | 345 4 0.0
1 1.000 | 2.0x107] 10.1 + 0.1 1480 + 9.4 335 4 00
1
10@. —_— —110" | 5000 |20x10°| 141 £ 1.4 256 £ 36 | 355400 |
- B
. 1 RADIATION INDEX { 2.0x10° Gy/h ) : 5.9
L o R ]
| e .
| A | RESULTS OF OTHER TESTS :
S H OXYGEN INDEX(ISO 4589) : 28.0 %
o o CORROSMITY (DIN £/472) :  PASS
10 A n ST ) Lo aa) 10
77 .
0. 10° 1@ 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
10 S— gy 10" CERN MATERIAL No. = 684
[ e SHORT-TFRM ] .
R i conG-Terw ] E MATERIAL  :  Polyolefin
| 4 TYPE . Rheyhalon
L 4 SUPPLIER : AEG-Kabael
s 4 REMARKS  : Cable sheath (P)
A ] TEST RESULTS :
Dose Dose Tensile properties Hardness
1[)2 | ] I()2 rate Strength Elongation Shore D
. ] (MGy) | {(Gy/H) | R (MPa) E (%) H (Degres)
! ] 0.000 - 62 £ 04 | 2016 451 | 41.0 +00
H . 0500 [1.7x10°| 80 + 04 780+ 98 | 420 £00
ol . 1.000 1.8x1D: 70 + D.4 536 + 46 | 39.0 100
% | Jse | 5000 | t9x10°] 129 + D.4 168 + 18 | 550 00
, , | 0000 - 62 £+ 04| 2016 + 451 410 + 0.0
0 — 0 | 0200 94.0 | 7.7 + 0.4 890 + 11.9 | 450 £ 00
r 1 0500 940 | 83 4 01 460 + 4.2 48.0 + 0.0
? o R 4 RADIATION INDEX { 1.710° Cy/h ) < 5.7
F Ak ] RADIATION INDEX {940  Gy/h ) <53
- E
o L o RESULTS OF OTHLR TE5TS
77 EE— EE——— OXYGEN INDEX(ISO 4589) : 46.0 %
0. 10 1° 10’ CORROSIVITY (DIN 57472) :  PASS
ABSORBID DOSE (Gy)
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POLYOLEFINS

ABSORBED DOSE. (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
Lo — e 10 CERN MATERIAL No. 712
R le MATERIAL Polyolefin
45 ] TYPE Cogegum AFR
| 4 SUPPLIER Melallurgica Bresciana
5 E REMARKS (P)
~ 1
TEST RESULTS -
WL _11d
r ] Dose Dose Tensile properties Hardness
- E rate Strength Elangation Share D
¢ h (MGy) | (Gy/H) R {MPa) E (%) H (Degree)
5 yo | 0000 ~ | 83+ 08| 5050 & 524 | 420400
ST ] 0.500 | 1.7x107 9.5 4 0. 1515 + 65 | 44.0 1 0.0
1.000 {1.7x10°| 95 + 0.2 570 £ 57 | 445 4 00
10 L /@_@,/@ _110" | s.000 | 1.7x10°] 107 + 0.3 115+ 1.4 | 550 1 0.0
¢ : ' -
- 1 RADIATION INDEX ( 1.7x10° Gy/h ) < 5.7
[ O R T
A E i
] ] RESULTS OF OTHER TESTS ¢
o H OXYGEN INDEX(ISO 4588) 238 %
o R CORROSMITY (DIN 57472) PASS
100 Lea R | NN T
’ .
0. 10 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 S vty 10 CERN MATERIAL No. 716
P ———. SHORT-TERM ]
R 1 LonG-TeRM ] E MATERIAL Polyolefin
! ] TYPE NCPE 5040
s 4 SUPPLIER Neste Chemicals {Uniios)
! REMARKS Basis EVA (P)
i ] TEST RESULTS
A Dose Dose Tensile properties Hardness
1L 1 rate Strangth Elangation Shore D
3 -~
: ] (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
[ ] 6.000 - 57 + 0.1 | 1308 + 14.7 | 405 £ 0.0
. 0.500 | 1.7x10°} 10.4 + 0.1 BOB + 33 | 435100
o 1 1.000 | 1.7x10%| 9.9 + 0.2 512+ 23 | 400 +0.0
% | fye | =000 j1.7x10°| 154 & 16 84 + 26 | 645 400
. , | 0.000 - 57 % 0.1 1308  14.7 | 405 100
0 — 'O | 0.200 1000 | 79 + 01 930 + 148 45.0 4 0.0
- ] 0500 | 1000 | 67 % 02 200+ 00 | 460 + 00
T o R § RADIATION INDEX [ 1.7x10° Gy/h ) : 58
- A ] RADIATION INDEX { 1000  Gy/h): 54
o o RESULTS OF OTHFR TESTS -
10 A 4 i o0 eaaal " +oaa o aaad 10
77 OXYGEN INDEX{IS0 4589) 30 %
0. 10’ 10 10 CORROSMIY (DIN %7472) PASS
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
' S— e 10 CERN MATERIAL No. 746
R F 1E MATERIAL Polyolefin
i J TYPE Megoion S2
E SUPPLIER Lindsay & Williems, L'd.
L E REMARKS Halogen—free cabie jacket (P)
7,y ]
TEST RESULTS -
10 L ¢
[ D ] Dose Dose Tensile properties Hardness
L E rate Strength Elongation Shore D
‘T 1 oy) | (Gy/H) | R (MPa) £ (%) H (Degree)
[ h - T —
S yo | 0000 - | 69 ro0r] 2232184 | 435400
>r 1 0.500 | 1.8x10°| 9.8 + 0.1 488 £ 30 | 470 t00
1000 |1.8x10°} 11.8 £ 0.3 320 £ 47 | 510 %00
10' L 410" | so00 [1.8x10°| 159 + 08 56 + 09 | 67.0 400
- 4
&3} ] 5
i 1 RADIATION INDEX ( 1.8x10° Gy/h ) < 5.7
L o ]
A -
RESULTS OF OTHER TESTS :
¢ M OXYGEN INDEX(1SO 4589) 495 %
o o CORROSIVITY (DIN 57472) PASS
100 Lot R | NN K10
77
0. 10° 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 — ey 1O CERN MATERIAL No. 747
RF 1 MATERIAL Polyoltefin
I i TYPE Magolon |
3 1 SUPPUER Lindsoy & Williams, Lid.
L 4 REMARKS Low-voltage insulation (P)
s .
TEST RESULTS :
10° L _1id
E ] Dose Dose Tensile properties Hardness
| E rate Strength Elongation Shore D
<' h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
b J .
5 yo | 0000 ~ | 81 £ 06| 4440£522 ) 320£00
- - 1 0500 | 18x10°| 6.1 4 0.0 | 1608 £ 195 | 340 £00
: , | 1000 1.8x10°| 7.5 + 0.1 664 £+ 6/ | 365100
. / 10" | s000 [18x10°} 1.7 £ 02 164 £ 33 | 520400
¢ ~\————/9/e 8 RADIATION INDEX ( 1.8x10° Gy/h ) < 5.7
L o & ]
I At | RESULTS OF OTHER TESIS :
¢ H OXYGEN INDEX(1S0 4589) 258 %
o o CORROSMTY (DIN 57472) PASS
10 4 N i a1 1 agd P T Y 10
7 -
0. 10° 1o 10
ABSORBED DOSL (Cy)
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POLYOLEFINS

3 3

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

ABSORBED DOSE {Gy)

10 . ——rrrr 10 CERN MATERIAL No. . 751
R 1f MATE RIAL Polyolefln
] TYPE 802 — External sheath
4 SUPPLIER SILEC
o 4 REMARKS Flame retardant (P)
TEST RESULTS -
10 L _4id
- 4 —— - -
r a9 j Dose Dose Tenslie propertles Hardness
o E rale Strength Elongation Shore D
N d . (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
[%): | 3o 0.000 - | 87 204 550.0 & 22.2 41.0 £ 0.0
> //@) ] 0.500 |18x10°| 134 + 0.2 180 2.8 57.0 £ 0.0
1.000 | 18x10°]| 151 + 0.4 124 £ 1.7 58.0 1 0.0
10' L 410" | 5000 | 1.8x10°} 201 + 0.7 62+ 12 | 680 +00
Q ] . s
r ] RADIATION iNDEX { 1.Bx10~ Gy/h ) < 5.7
L o R .
F A ] )
i i RESULTS OF OTHER TESTS :
o H OXYGEN INDEX{150 4589) : 386 %
CORROSMITY (DIN 57472) :  PASS
10° L4 Y| e
77
0. 10° 1 10

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10° : S ey 107 CERN MATERIAL No. : 754
R [ ] E MATERIAL Polyolefins eompound
A ] TYPE 50% D 2983 + 50% LFHS 5040
- 4 SUPPLIER Cabelfel
1 , REMARKS (8P + Neste) (P)
4 l
1 TEST RESULTS
10° L 1
i ] Dose Dose Tenslle properties Hardness
I 1 rote Strength Elongation Shore D
4 . (MGy) | (Cy/H) | R (MPa) £ (%) H (Degree)
- 4
o pe 0.000 - 69 + 0.1 239.0 + 93.2 400 1 00
>T i 0.500 |1.8x10°| 89 % 0.5 1400 1+ 465 440 1 00
1.000 [1.8x10°] 100 + 08 760 + 1.8 460 1 00
10' L _{10" | 5000 {18x10°| 130 + 08 140+ 14 | 580 400
13) ] 5
i b RADIATION INDEX ( '.8x10" Gy/h ) : 5.7
[ O R T
At RESULTS OF OTHIR TESTS :
o H OXYGEN INDEX(150 4589) :  NOT MEASURED
o CORROSMITY (DIN 57472) :  PASS
1w’ la ol N BT
7
0. 10 10° 10
ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, {EC 544

10— — 10 CERN MATERIAL No.  : 784
R T ] E MATERIAL Crosslinked polyolefin
] TYPE Sheath 244
- SUPPLIER SILEC
L - REMARKS Flome retardont (P)
TEST RESULTS
2 2
10 1
%3 7" -
[ \ ] Dose Dose Tenslle properties Hardness
3 E rale Strength Elongation Shore D
L3 b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ot J
n pe 0.000 - 10.2 + 0.2 944 + 1.7 380 + 00
=T 1 0500 [1.8x10°[ 122 + 0.3 57.0 + 2.0 430 £ 00
, , | 1.000 18x10°| 116 ¢+ 0.5 475 + 10 46.0 £ 0.0
0'd 10" | 5000 {1.8x10°] 157 + 0.3 120 + 0.0 530 £ 0.0
i 1 RADIATION INDEX ( 1.8x10° Gy/h ) : 6.0
o R ]
[ A € ] .
| RESULTS OF OTHER TESTS :
© H OXYGEN INDEX(1S0 4589) : 516 %
o 0 CORROSMITY (DIN 57472) :  PASS
10° Lea NN | P BT+
77
0. 10° 10° o
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
[ S — v 100 CERN MATERIAL No.  : 785
R 1 E MATERIAL Crosslinked polyolefin
] TYPE Insulation 251
j SUPPLIER SILEC
REMARKS Flame retardani (P)
TEST RESULTS :
2 2
0L = 10
[ ] Dose Dose Tenslle properlies Hardness
& E rate Strength Elongation Shore D
[ k (MGy) | (Gy/H) R (MPo) E (%) H (Degree)
[]Cj e 0.000 - 144 £ 0.5 2164 + 54 480 £+ 0.0
= 1 0500 |[1.8x10°[ 147 1 0.3 1096 + 4.6 51.0 1+ 0.0
P 1.000 | 1.8x10°] 13.3 + 0.6 400 + 3.3 50.0 4 0.0
0' L —110' | s.000 [18x10°] 136 £ 1 120+ 00 | 580100
E ] T
i : RADIATION INDEX ( 1.8x10° Gy/h) : 57
1
I © R 1
3 A E -
] RESULTS OF OTHER TESTS :
o H OXYGEN INDEX(ISO 4589) : 30.3 %
o 0 CORROSIMITY (DIN 57472) :  PASS
10° Lod sl PP BT
77
0. 10 10° 10’

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS Of IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
L — . vy 10 CERN MATERIAL No. 786
R F p E MATE RIAL Thermoplastic polyolefin
[ ] TYPE Sheath 270
: . SUPPLIER SILEC
N 4 REMARKS Flame retardant (P)
# TEST RESULTS :
10 _|?
[ ] Dose Dose Tenslle propertles Hardness
1 rate Strength Elongation Shore D
1 (MGy) | (Gy/H) R (MPa) E (%) H (Degres)
5 pe | 0.000 — 4|16 £03] 1608+ 82 | 480 £00
ST 1 0.500 | 1.8x10°] 13.2 + 0.2 1304 £ 4.6 50.0 + 0.0
' , | 1000 1.8x10°| 115 + 0.2 66.4 + 46 | 480 + 00
10 —{ 10" | 5000 {18x10°] 131 % 0.3 120+ 00 | 570 100
: ] RADIATION INDEX ( 1.8x10° Gy/h ) : 5.9
L o R ]
I A E ] RESULTS OF OTHER TESTS :
¢ H OXYGEN INDEX(ISO 4589) 345 %
o o CORROSMTY (DIN 57472) PASS
10 LeA N NS EwS | " i v} 10
77
0. 10° 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" e , gy 10° CERN MATERIAL No. 788
RF iE MATERIAL X-L. Polyotefin
! . TYPE ZH 33
L E SUPPLIER Acome
| 4 REMARKS Sheath (Ribbon)
TEST RESULTS :
10A R
E ] Dose Dose Tenslle properties Hardness
L E rale Strength Elongation Shore D
& h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
& yo | 0000 -~ |11 +03] 1085+ 82 | 370 £ 00
=T i 0.500 | 1.7x10°| 151 + 0.4 658 + B8 | 460 100
_—%6 1.000 {1.7x10°} 15.0 + 0.3 425 + 43 | 490 %00
1
10'@ 10
i 1 RADIATION INDEX { 1.7x10° Gy/h ) : 5.7
L o R ]
b A e . RESULTS OF OTHER TESTS :
| ] OXYGEN INDEX{ISO 4589) 493 %
& H CORROSMTY (DIN 57472) PASS
(] ]
10” Lo T 170
0. 10° 1 10
ABSORBED DO"E (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 ; ; ——rrr — vty 10 CERN MATERIAL No. 791
R —fggg'r;;f‘“ iE MATE RIAL EPDM + EVA
— ] TYPE Cogegum AFR/1
L e SUPPIIER Padanaplast
5 E REMARKS sheath (P)
! | TEST RESULIS -
Dose Dose Tensile properties Hardness
102 { — 102 rate Strength Elongation Shore D
[ E (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
i ] 0.000 - 120 + 0.4 | 5512 + 11.8 | 420 £ 00
+ 1 0200 | 69600 | 14.4 + 0.3 2360 + 315 470 £ 00
of : 0500 | 18x10 | 183 + 03 1768 + 136 470 £ 00
a | 1pe 1000 | 1.8x10°} 189 + 03 1120 £ 57 430 4 0.0
= 5000 | 1.8x10°| 144 3 07 112+ 1. 62.0 £ 0.0
@ }
10°E — 0 | a.000 - 120 + 04 ] 5512 % 118 | 42.0 £ 0.0
[ ] 0.200 1000 | 91 + 03 1760 + 37.0 443 1 1.1
i N 0.500 1000 { 7.1 % 02 16.4 £+ 2.6 490 4 0.0
L o ] 0700 1000 | 61 £ 01 200+ 24 440 £ 00
A RADIATION INDEX (6860.0  Gy/h ) < 5.3
I 1 RADIATION INDCX ( 1000 Gy/h ) < 5.3
100 A . RN N T 4
0. 10 T 0 RESULTS OF OTHFR TESTS
ABSORBED DOSFE (Gy) OXYGEN INDEX{i50 4589) 341 %
- CORROSIMVITY (DIN 574 /2) PASS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" . — v 1O CERN MATERIAL No. 813
R ——fggg’;g:z“ 1E MATERIAL PE Copolymer cross—linked
- ] TYPE Rheyhalon :
: SUPPLIER AEG-Kabel
4 REMARKS Flame retardant insulation (P)
i TEST RESULTS
Dose Dose Tensile properties Hardness
102 - rate Strength Elongation Shore D
E (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[ 0.000 - 158 + 0.2 174.4 £+ 46 480 £ 00
r 0.500 19x1o: 152 £ 0.1 1176 £ 22 500 0.0
ol 1000 | 1.7x10_| 14.9 + 0.1 800 + 28 51.0 £ 0.0
a 5000 |1.7x10°| 15.1 + 0.6 152 &£ 19 59.0 + 0.0
9
. , | 0.000 - 158 + 0.2 1744 £ 46 480 £ 0.0
0 —{ 0 | 0200 | 100.0 | 169 + 0.3 1472 £ 3.3 | 510 £0.0
[ ] RADIATION INDEX { 1.8x10% Gy/h ) : 5.9
o R i RADIATION INDEX ( 1000  Gy/h ) > 53
S 4
RE.SULTS OF OTHER TESTS :
o ° OXYGEN INDEX{ISO 4589) 316 %
10 2 A 2 1 aaal N 440110 - -
77 CORROSMITY (DIN 57472) PASS
0. 10 10° 10’

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3 3
10 | e T — g 10 CERN MATERIAL No. . 814
—— SHORT-TERM ] . -
R CoNG-temw ] E MATE RIAL PE Copolymer cross—linked
J YPE :  Rheyhalon
. 1 SUPPLIER  : AEG-Kabel
L R REMARKS  :  Flame retardant insulation (P)
| B TEST RLSULTS
# —aA - ,
2 ) Dose Dose Tensile properties Hardness
10 L 110 rate Strengih Elongation Shore D
: ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
L 4 0.000 - 132 £ 02 1720 + 49 46.0 t 0.0
- 1 0.500 19)(10: 137 £ 04 1056 + 1.7 465 + 00
ol 1 1.000 1‘7><1O5 13.7 £+ 0.3 740 + 2.0 480 + 0.0
% | I 5.000 [ 17x107] 166 £ 0.3 160 £ 1.4 59.0 + 0.0
@ , | 0.000 - 132 £ 0.2 1720 £ 4.9 46.0 £ 0.0
10 L — 0 1 0200 | 1000 | 146 + 01 187.0 £ 168 490 + 0.0
A ] RADIATION INDEX ( 1.8x10° Gy/h ) : 59
L o i RADIATION INDEX { 100.0 Gy/h ) >5.3
F A i
RESULIS OF OTHER TESTS :
W L . 1o OXYGEN INDEX(ISO 4589) : 371 2%
7 — B — CORROSMTY (DIN 57472) :  PASS
0 10 10° 107
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10* S ey 10 CERN MATERIAL No.  : 862
R 5 P
R T — 1.7x107 Gy/h 4 [ MATERIAL  : Polyolefin
I <~ = 70150 Gy/n ] TYPE : red NCPE S040 by Neste
H —— 1000 Cy/h SUPPLIER . Diitwyler
+ E REMARKS : Taken from LEP SVA-11 cable sheath

TEST RESULTS -

Dose Dose ) Tensile properties Hardness
1 rate Strength Elongation Shore D
- ] (MGy) | (Gy/H) R (MPa) E (%) H (Degres)
] 0.000 - 88 + 0.2 | 1405 + 295 | 440 +0.0
. 0200 | 17x10°| 138 + 06 | 1165+ 22 | 460100
1 0500 | 1.7x10°] 145 + 0.4 905+ 37 | 470 +00
fxe [ 1000 |17x10% 152 + 04 650 3 6.1 530 1 0.0
.| 000 - 88 + 0.2 | 1405 + 295 | 440 1 0.0
—{ 10 | 0200 | 69600 | 118 + 0.5 | 1210 £ 65 420 £ 00
. 0500 | 71600 [ 124 + 06 79.0 £ 108 | 450 + 0.0
r ] 1.000 | 68700 | 125 + 0.9 30+ 27 | 51.0 100
| o r ] 0.000 - 8RR + 0.2 | 1405 + 295 | 440 + 00
At 0200 | 1000 | 9.3 + 06| 1240 £ 7.4 440 + 00
r 1 0500 | 1000 | /1 £ 04 300 + 56 | 459 1 29
- 5
W A et NEEUOT R RADIATION INDEX ( 1.7x10° GCy/h) 59
5 5 , RADIATION INDEX (70150 Gy/h ) @ &7
010 o 10 RADIATION INDEX (1000 Gy/h ) - 5.4

ABSORBLD DOSE (Cy)

OXYCEN INDFX(150 4589) - 382 =%
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POLYOLEFINS

DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 , Ty — et |0 CERN MATERIAL No. . 886
R fgsgirgﬁ“ e MATERIAL  : Polyolefin thermoplastic
— 1 TYPE : D 2979 FR
S 4 SUPPLIER  :  BP Chemicals
p REMARKS : 1987 piates
| § TEST RESULTS :
Dose Dose Tensile propertles Hardness
102 L -] 102 rate Strangth Elongation Shore D
[ ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
s ] 0.000 —~ 9.0 + 0.4 5352 + 16.8 420 + 00
+ 1 0500 [2.7x10°] 13.3 + 16 3744 + 180 445 4+ 00
5
ol q 1.000 2.7><105 100 £ 1.3 189.6 + 37.2 450 £ 00
C§L | 5o 5.000 {2.7x107} 10.8 £ D.3 120 £ 5.7 52.0 + 0.0
. , | 0.000 - 90 £ 04 5352 + 16.8 42.0 £ 0.0
’OQ— — 0 | 0.200 1000 | 7.4 £ 02 4640 £ 85 398 + 04
[ \9/"9 ] 0.700 1000 | 8.4 + 01 524 + 3.3 430 £+ 0.0
L o & J RADIATION INDEX { 2.7x10° Cy/h ) : 59
L A E J RADIATION INDEX ( 1000  Gy/h ) : 54
o o RESULTS OF OTHER TESTS :
107 Led L s a1l N Lo aal 10 . R .
77 OXYGEN INDEX(ISO 4589) : 245 %
o 10° 1c° 10 CORROSMITY (DIN $/472) :  PASS

ABSORBED DOSE (Cy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10" — ——rrrr — 10 CERN MATERIAL No. : 891
RF le MATERIAL  : Polyolefin
[ i TYPE :  Megolon S1
= g SUPPLIER . Lindsoy & Wiltiams, Lid.
- 4 REMARKS : (P)
Fid 1
T TEST RESULTS :
2 2
0 — w0
r ] Dose Dose Tenslie properties Hardness
g e///‘e 1 rate Strength Elongation Shore D
L 4 . (MGy) | (Gy/H) | R (MPa) £ (%) H (Degrea)
((f pe 0.000 - 7.0 + 0.1 1936 + 345 411 + 0.4
=T 1 0.500 2.5x10: 87 £ 02 572 £ 52 431 1 0.4
o , | 1000 j25x107| 9.9 & o1 328 £+ 23 46.3 t 0.3
10 L —J10' | 5000 |25x10%] 124 1 039 68 4 1.1 | 6104 1.2
® b 5
b 1 RADIATION INDEX ( 2.5x10° Gy/h ) < 5.7
- o R -
| a ¢t | RESULTS OF OTNIFR TESTS :
® H OXYGEN INDEX(ISO 4583) : 635 %
° CORROSIVITY (DIN 57472) PASS
10 Led Ll N T
77
0 10 10° 10’

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, 1IEC 544
10" — I CERN MATERIAL No. 892
R 1€ MATERIAL Polyolefin
] ] TYPE Megolon S1
- E SUPPLIER Lindsay & Williams, tid.
L 4 REMARKS Annealed (P)
TEST RESULTS :
10 i
] Dose Dose Tenslle propertles Hardness
E rate Strength Elongafion Shore D
1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
s 1
0(? 3o 0.000 - 78 £+ 0.2 965 £ 53 440 £ 0.4
=7 1 0.500 2,5x1o: 92 1 02 496 + 38 457 £ 0.3
, | 1000 [25%10| 9.7 & 0.1 332 1.1 470 +£05
10 L 10" | s.000 |2.5x10%] 119 £ 038 65+ 10 | 658 + 1.3
- 1 RADIATION INDEX { 2.5x10° Cy/h ) : 5.7
[ O R 1
- T
| ] RESULTS OF OTHER TESTS :
o H OXYGEN INDEX(150 4589) 533 %
o ° CORROSIVITY (DIN 57472) PASS
10 i A L TR | " L4l 10
77
0. 10 1¢° 10
ABSORBLD DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10° — ey 1O CERN MATERIAL No. 893
[ ——— SHORT -TERM ]
R i Toneoterw ] E MATERIAL Polyolefin
K ] TYPE Megolon § 300
- E SUPPLIER Lindsay & Wiltiams, Lid.
| - REMARKS Extruded (S1)
L TEST RESULTS :
A Dose Dose Tensile properties Hardness
102 | — lOz rate Strength Elongation Shore D
: \é ] MGy) | (Gy/H) | R (MFa) € (%) H (Degree)
X 3 0.000 — 109 £ 02| 1252+ 151 | 318 40
- 1 0500 25)(1[): 125 + 0.1 616+ 67 350 £ 00
ot 1.000 |25x107[ 127 £ 0.2 320+ 00 36.6 + 0.5
% | 1pe 5000 {2.5x10°| 11.1 + 0.6 6.0 + 0.0 400 % 00
, , | 0.000 - 109 + 0.2 1252 £ 15.1 318 £ 40
e — 0 | 0200 | 1000 | 11.4 £ 0.3 704 + 122 | 340 + 00
1 ]
[ ] RADIATION INDEX ( 2.5x10° Gy/h ) < 5.7
L o 4 RADIATION INDEX { 1000 Gy/h) >53
S d
RESULTS OF OTHER TESTS :
o \ & OXYGEN INUEX(ISO 4589) 362 %
107 LA A e CORROSIITY (DIN 57472) PASS
0. 100 10° 10
ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON {NSULATING MATERIALS, IEC 544

10 1 A .
— ——— ey I, [ CERN MATERIAL No 914
e SHORT - TERM
|4 CONG - TERM E MATERIAL Polyolefin  EVA + PE
J TYPE Cogeagum AFR 2
e SUPPLIER Padanaplast via Norsk—-Kabel EB
R REMARKS fram pratotype cable sheath
L ] TEST RESULTS :
R Dose Dose Tensile properties Hardness
W0 |- — 102 rate Strength Etongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
3 ] 0.000 - 129 + 40 | 2727 £ 11.7 390 £ 1.5
i 1 0200 | 36000 [ 196 + 04 1676 + 142 470 £ 12
of 1 0500 |2.5x10°] 146 + 0.7 960 + 13.6 420 £ 00
a. | 15 1.000 | 2.5x10°] 153 + 02 600 £ 28 47.0 £ 0.0
=] 5000 |25x10°| 80 + 05 96 + 2.2 510 4 0.0
1@ e 1 i
10 — ¢ | 0000 - 129 £ 40| 2727 £ 117 | 390 +£15
[ b 0.200 100.0 | 101 + 0.5 1163 £ 11.8 428 £ 1.0
{ ] 0.700 1000 | 53 £ 0.4 83 + 2.3 450 £ 00
| O R 1 5
. ] RADIATION INDEX ( 1.3x10° Gy/h ) : 55
a RADIATION INDEX ( 100.0 Gy/h ) <53
o O
107 LA e e 10 RESULTS OF OTHER TCSTS
0. 10° 1c° 10 OXYGEN INDEX{(IS0) 45H9) NOT MEASURED
- N | 2 S
ABSORBFD DOSE ((Jy> CORROSIVITY (DIN 57472) PASS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
R 3
L S — — v 10 CERN MZTERIAL No. 937
10 F — SHORT-TCRM 3 MATER ML Crass—linked potyolefin
b o LONG-1tRM
L TYPE ZH 33
| SUPPLLER Acome
L REMAI 75 Taken from sheath of VBA 4 /LEP
_ TEST R SLT
T Dosc Dose Tensile properties Hardness 1
lel,!_ lOZ rate Strength Elongation Shore D
s (MGy) | (f y/H) R (MPa) E (%) H (Degree)
L . 0.00:1 86 + 0.9 ] 1208 & 231 | 270 £00
- . 0217 | 17200 | 96 + D8 867 + 52 | 290 100
ot 1 0.523 12 00 | 10.0 £ 0.8 542 + 49 39.0 £ 0.0
0l 1pe 1070 | 2100 | 10.7 £ 06 283 £+ 26 490 4 0.0
‘ , | noon - 86 + 09 1208 £ 23.1 27.0 1 0.0
i @ —~ 0 (o200 | 00| BO 04 942 + 9.7 | 200 t00
r ] .70 L00.0 49 + 05 496 + 68 22.0 + 00
SN - RAIALON INDEX (16700 Gy/b ) : 586
i J PAMA ONCINDEX (1000 Gy/h): 56
A
‘ o RE LTS 0F OTHER TESTS ¢
Pl i bt o OX\CE 1 INDEA(I50 4589) NOT MEASURE 1)
0w 10 10’ COLRCSTY (DI 57472) PASS

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
0 — e rrrpr 10 CERN MATERIAL No.  : 953
RF SHORT-TERM ] - MATERIAL  : Polyalefin
- e LONG - TERM 4 -
L 4 TYPE :  Megolon S300-15
L E SUPPLIER . Lindsay & Williams, Lid.
L E REMARKS 15 parts of siabiliser (P)
! ] TEST RESULTS
3 D D Tensil ti Hard
ose ose ensile properties araness
100 - \A i rate Strength Elongation Shore D
E S (MGy) | (Gy/H) R (MPa) E (%) H (Degres)
[ ] 0.000 - 165 £ 04 | 1712+ 87 | 310 +00
H . 0200 |24x10°| 167 + 15| 1472 ¢+ 33 | 420+ 00
of 1 0.500 24xxo: 151 + 0.5 122.4 + 100 | 42.0 £ 0.0
o I 1000 | 243101142 + 10 1024 + 36 | 420 +00
= 5000 |2.2x107| 107 + 0.6 2204+ 25 | 46.0 £00
1 \@ 1
0 F —'° { g.000 ~ 165 + 0.4 1712 £+ 87 | 31.0£00
[ 3 0.200 | 100.0 | 130 + 0.4 120.8 + 2.3 340 0.0
- E
[ ] R
o R - RADIATION INDEX ( 2 3x10° Gy/h ) : 6.1
SN i RADIATION INDEX ( 100.0  Gy/h ) > 53
v L 1 ' RESULTS OF OTHER TESTS :
7 — - E— , OXYGEN INDEX(ISO 4589) :  NOT MEASURED
0. 10 .10 10 CORROSMITY (DIN 57472) :  PASS
ABSORGED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 N e’ CERN MATERIAL No.  : 954
: ]
R I jEH MATERIAL  : Palyolefin
[ ] TYPE : Megalon S300-10
L ] SUPPLIER  : Lindsay & Willioms, Lid.
L REMARKS  : 10 parls of stabitiser (P)
l£ TEST RESULTS
1 | 1
[ b Dose Dose Tenslle properties Hardness
d & R rate Sirength Elongation Shore D
% ] (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
& ye | 0000 - 148 £ 04 | 1536 + 100 | 320 + 0.0
=71 T 0200 |24x10°] 138 4 08 1288 + 7.7 350 + 0.0
4] W 0500 [24x10°| 136 + 03| 11202 69 390 1 00
10' L 416" ] 1.000 |2.4x10°| 131 2 04 872 4 4.4 | 420 4 00
s ) 5.000 [22x10°| 105 £ 1.4 136 + 1.7 460 1 00
i ] RADIATION INDEX ( 2.3x10° Gy/h ) : 6.0
O R
A € 1
¢ H 1 RESULTS OF OTHER TESTS ;
0 o OXYGEM INDEX(ISO 4589) :  NOT MEASURED
10 //A N Lototaaaad N PR EETE IR Te) CORROSMTY (DIN 57472) PASS
o 10 10 10

ABSORBED DOSE (Gy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF 1ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10— ————rrrry I [ CERN MATERIAL No. 955
-4
R = SHORT-TERM e MATERIAL PolyolefIn
- ] TYPE Megolon S2—1
4 SUPPLIER Lindsay & Williams, Lid.
L ] REMARKS (P
| \A d TEST RESULTS :
Dose Dose Tensile proparties Hardness
102 - — 102 rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
[ ] 0.000 - | 70 t09| 4152+ 118 | 360100
- 1 0200 [2.4x10°| 68 + 10| 3008 + 482 | 37.0 + 00
of E 0.500 2.4x10: 58 + 0.1 1688 + 339 | 350 £ 0.0
o Ipe 1.000 | 2.4x10°) 7.3 * 0.4 176+ 36 | 360 400
= 5000 |2.2x10°] 132 + 05 184 + 17 | 49.0 £ 00
t 1
10 —'% | o.000 - 70 £ 09 | 4152 % 11.8 | 360 £ 00
g ] 0200 | 1000 | 89 + 0.9 | 2193 4 235 | 400 00
L o & ] RADIATION INDEX ( 2.4x10° Gy/h ) : 55
S ] RADIATION INDEX ( 100.0  Gy/h ) > 5.3
v s | ' RESULTS OF OTHER TESTS :
7 E— . e , OXYGEN INDEX(ISO 4589) NOT MEASURED
0. 10 10 10 CORROSIMITY (DIN 57472) PASS
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
0 10° CERN MATERIAL No. 956
T T —T—r
R 1E.H MATERIAL Polyalefin
i TYPE Megolon S2-5
s 4 SUPPLIER Lindsay & Williams, Ltd.
L 4 REMARKS More stabiliser than in S2-1
TEST RESULTS -
10 L _11d
[ ] Dose Dose Tenslle propertles Hardness
3 E rale Strength Elongation Shore D
é & & T (MGy) | (Gy/H) R (MPq) £ (%) H (Degree)
& o | 0:000 - 56 + 0.4 | 4864 + 317 | 350 £ 00
> ] 0200 |2.4x10°] 54 + 03| 3536 £ 501 350 £ 00
0500 {24x10°| 59 + 0.3 | 2256 £ 151 350 400
10 L 10" | 1000 {24x10°| 70 £+ 05| 1640+ 63 | 350 +00
: 5000 |2.2x10°| 117 + 0.5 247+ 09 | 470 200
Q —a ] 5
L ) RADIATION INDEX ( 2.4x10° Gy/h ) : 56
O R
| A € ]
[ > H ) RESULTS OF OTILR TESTS :
0 R OXYGEN INDEX(ISO 4589) NOT MEASURED
107 Led dtb ] T S LY CORROSIMITY (DIN 57472) PASS
o 10 10° 10’
ABSORBED DOSE (Cy)
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POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

ABSORBED DOSE (Gy)

10 T Ty . —rrrrry 10 CERN MATERIAL No. © 961
R£ ——— SHORT-TERM } ¢ MATERIAL EPOM + EVA
—— LONG-TERM 4
4 TYPE Cogegum AFR 11
3 E SUPPLIER Padanaplast
L p REMARKS Grey sheath  (P)
X TEST RESULTS
s Dose Dose Tensile properties Hardness
10 L — |02 rate Strength Elongation Shore D
E ] (MGy) | (Gy/H) R (MPa) E (%) H (Degrea)
[ ] 0.000 - 64 £ 0.4 | 5600 £ 122 | 340 %00
- 1 0200 [20x10°| 77 + 06 5530 + 16.0 340 + 0.0
of 1 0.500 2.0x10: 65 + 1.2 4180 + 46.4 345 4+ 06
af 1pe 1.000 [2.0x10°| 52 + 0.0 37.0 £ 108 363 + 07
= 5.000 |2.0x10°| 6.6 + D.2 50+ 0.7 50.0 + 0.0
1 1
0 —4'0 | o.000 - 64 + D4 | 5600 % 122 | 340 00
é ] 0200 | 31130 | 74 + 1.5 4900 + 52.7 37.0 £ 0.0
[ ] 0.500 | 3215.0 | 6.7 £ 0.5 3830 + 7.6 380 + 0.0
L o R ] 1.000 | 32100 | 63 £ 0.1 240 £ 6.3 410 £00
i A 1 5
RADIATION INDEX ( 2.0x10° Gy/h ) : 5.8
] RADIATION INDEX (32125  Gy/h ) : 57
(] v
10 Led ] L N B )
0. 10 10° 10 RESULTS OF OTHER TESTS :
ABSORBED DOSE (Gy) OXYGEN INDEX(ISO 4589) 360 %
CORROSMITY (DIN 57472) PASS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 Y ——rr T ’ ——rrrr 10 CERN MATERIAL No. 980
R F 1E MATERIAL Polyolefin
! ) TYPE Rheyhalon
. SUPPUIER AEG—Kabel
- L REMARKS ‘Radiation Resistan!® sheath compound
TEST RESULTS :
N |
[ ) ] Dose Dose Tensile properties Hardness
$ ___e__‘_of———@ g rale Strength Elongation Shore D
P 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
c(f B 0.000 - 13.7 £ 0.2 237.1 £ 15.0 450 £ 00
=7 ) 0.200 | 3176.0 | 13.1 + D.1 2067 + 9.8 46.0 £ 0.0
& —a - g o 0.500 | 3176.0 | 128 + 0.2 1687 + 6.3 48.0 £ 0.0
0L 110" | 1000 | 31760 | 128 £+ 01| 1021 £ 81 | s00 too0
I 1 RADIATION INDEX (31760 Gy/h) : 58
L o & ]
At RESULTS OF OTHER TESTS :
© H OXYGEN INDEX(ISO 4589) 370 %
o ° CORROSIVITY (DIN $7472) PASS
10° Lo g M | . RS BT
77
0. 10° 10 10’

144




POLYOLEFINS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 — e g 10 CERN MATERIAL No. 981
R} e MATERIAL Polyolefln
! . TYPE Rheyhalon
X 4 SUPPLIER AEG-Kabel
| B REMARKS Sheath compound (P)
- J
TEST RESULTS :
10° | T
[ ] Dose Dose Tenslie properties Hardness
& 4 rale Strength Elongation Shore D
I b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
o yo | 0000 ~ |37 +01] 2370+ 91 | 457210
=7 T 0.200 | 3176.0 | 135 + 0.2 1545 + 9.4 | 471 +£07
=) , | 0800 | 31760 1 132 + 0.1 654 £ 49 49.0 £ 0.0
0L 110 | 1000 | 31760 | 92 + 03 88+ 14 | 51.0£00
T 1 RADIATION INDEX (31760 Gy/h ) : 5.4
i 4
L o R J
- ]
| ) RESULTS OF OTHER TESTS :
o H OXYGEN INDEX(ISO 4583) 370 %
o o CORROSMITY (DIN 57472) PASS
10 1" " o0 aa gl PO | 10
0. 10 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION Of EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 Y ——rrrr - 10 CERN MATERIAL No. 994
R f 1EH MATERIAL Polyolefin
! ] TYPE Rheyhalon
. SUPPLIER AEG-Kabel
5 4 REMARKS Taken from shaath of 1kV coble
.3 ]
TEST RESULTS :
10 L 1
i ] Dose Dose Tenslle properties Hardness
F E rate Strength Elongation Shore D
4 h {MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
&o pe | 0000 - 6.4 + 0.1 2160+ 28 | 400+ 1.9
=71 ) 0.200 | 7090.0 | 9.3 + D2 1456 + 6.7 468 + 08
' 0500 | 7750.0 [ 11.4 + 0.2 936 £ 3.6 508 4 2.2
10 L 110" | 1000 | 79500 | 139 + 0.2 575 + 1.9 598 + 0.5
: 5000 {2.2x10° 163 + 0.9 6.4+ 1.7 670 £ 1.0
3] ]
r o R ] RADIATION INDEX (7420Q  Gy/h ) : 5.6
A E ]
[ O H ) RESULTS OF OTHER TESTS
o o OXYGEN INDEX(ISO 4589) NOT MEASURED
107 Led O e 10 CORROSIVITY (DIN 57472) PASS
0. 10° 10" 10’

ABSORBED DOSE (Gy)
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PUR

POLYURETHANE"

Characteristic group

o

i
_NH-C-0- urethane group

Chemically, the commercial PUR elastomers are copolymers containing polyurethane and
polyester or polyether units:

o] 0]
polyester: l I
-C-0-R'-0-C-

m

polyether: O—-[R" -0 -1,
They are linked together in the polymer formation to give the following urethane polymer linkage:

o) 0
| |
-0-C-NH-(R)n—NH-C-0-

.‘)

where n ranges from 50 to 100" 7.

For general characteristics, see Tables 1 and 2.
See also in 1st edition (Ref. [16]).

*) J.H. Saunders and K.C. Frisch, High polymers, Vol. XVI: Polyurethanes. Part | - Chemistry;
Part 2 - Technology (Interscience Publ., New York, 1964).

**) F.M. Clark, Insulating materials for design and engineering practice (John Wiley and Sons, Inc.,
New York, 1962).
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PUR

Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
{(MGy) (Gy/h) (MPa) (%) (°D) (%)
430 PUR- Huber & 0.0 - 34.1 606 21 22
Polyether Suhner 0.5 2x10° 13.6 299 22 5.6
X 7043/12 1.0 2x 108 9.7 171 21
5.0 2x10°% 11.1 63 22
431 PUR- Huber & 0.0 - 50.9 566 29 24
Polyester Suhner 0.5 2x10% 30.0 677 24 6.3
X 7043/11 1.0 2x10° 27.2 619 19
5.0 2x 108 13.2 143 27
432 PUR- Huber & 0.0 - 35.5 593 28 22
Polyester Suhner 0.5 2x10% 21.3 578 22 6.2
X 7043/10 1.0 2x10°% 17.1 508 21
5.0 2x10°% 9.1 143 23
689 AF 30 Metallurgica 0.0 - 35.3 622 26 29
Sheath Bresciana 0.5 2x10° 6.9 242 26 5.6
5.0 2x10% 6.6 97 19
706 PUR-Polyester Elastogran 0.0 - 59.8 548 34 27
Elastollan 0.5 2x 108 39.8 557 34 6.2
C85A 1.0 2x10°% 38.5 463 33
5.0 2x105 16.2 119 30
0.2 100 28.5 614 32
0.5 100 9.7 458 24 >5.7
707 PUR-Polyether Elastogran 0.0 - 53.9 555 34 25
Elastollan 0.5 2x10% 449 568 33 6.2
1185A 1.0 2x 105 35.3 466 33
5.0 2x10% 12.4 90 32
0.2 100 35.0 582 35
0.5 100 15.2 478 28 >5.7

149



PUR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

W . S —— . e CERN MATERIAL No. 430
R[ JEH MATE RIAL PUR Polyeiher
— ] TYHE X 7043/12
" e SUPPLIER Huber & Suhner
] RFMARKS (P)
TEST RESULTS
10 L |
[ ~\\%§ h Dose Dose Tensile properties Hardness
I 1 rale Strengih Elongation Shore D
C5 1 (MGy) | (Gy/H) R {MPa) £ (%) H (Degree)
of 4
n.g4 po 0.000 - 341 1+ 211 6060 + 16.4 215 00
= 1 0.500 {2.0x10 136 £ 06 299.0 £ 12.4 220 £ 0.0
, . 1.000 20)(105 4.7 + 0B 171.0 £ 241 210 £ 00
5
10 —4 10 5.000 [2.0x10 11+ 2.0 61.3 + 10.3 215 1+ 00
i 1 RADIATION INDEX ( 2.0x10° Gy/h ) < 5.7
| o R 4
L A E 4
N ] RESULTS OF OTHER TESTS @
® H OXYGEN INDEX{ISO 4589) 220 %
o o CORFOSMITY (DIN 57472) PASS
10 A s o aaaaaf I e 110
77
o 10 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
Lo S— . ety 10 CERN MATERIAL No. 43
R£ 1EH MATERIAL PUR Polyester
. ] TYPE X 7043/11
s E SUPPLIER Huber & Suhner
s - REMARKS )
A TEST RESULTS
10° | 1
F -
r Dose Dose Tenslle properties Hardness
<§ rate Strength tlongation Shore D
3 (MGy) | (Gy/H) R (MPq) E (%) H (Degree)
4 e — -
(? 0.000 - 509 ¢ 5.7 566.2 + 13.2 290 1 0.0
= 0.500 2‘.O><'IOS 300 £ 389 6770 £ 442 245 1+ 00
1.000 2.0;(105 272 £ 20 6187 £ 293 19.0 L1 0.0
o' 5.000 20><1O5 132 + 0.3 1430 + 76 270 1 00

A E
I o H b
0
" M TSN | N 1044
107 Log
o 10 10°

ABSORBLD DOSE (Gy)

10

RADIATION INDEX ( 20x10° Gy/h): 63

RESULTS OF OTHER TESTS ¢
OXYGLN INDEX(ISO 4589)
CORKROSMITY (DIN 57472)

240 %
PASS
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PUR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 ; — I CERN MATERIAL No. . 432
[ ] E MATE 1AL : PUR Polyester
- ] TYPE X 7043/10
3 R SUPPLIER Huber & Suhner
| 1 RFMARKS (P)
TEST RESULTS
2 2
10" | _410
[ ] Dose Dose Tenslie properties Hardness |
3 4 rate Strength Elongation Shore D
) 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
@) ) T o
o 8o 0.000 T 355 £ 45 5925 + 210 280 £ 00
> ) 0500 20x10_| 213 + 2.2 578.0 x 17.9 215 £ 00
' 1.000 {20x10°[ 171 4 06 508.0 + 15.2 210 100
1
10 |- -} 10 5000 |20x10>] 91 + 09 1430 + 196 230 1 00
- 1 RADIATION INDEX { 20x10° Gy/h ) : 6.2
| o 4
L A 4 , ]
RESULTS O OTHER TESTS :
° OXYGEN INDIX(1S0 4589) : 220 %
CORROSIVITY (10N 57472) ¢ PASS
U Q9
10 Led P | PG BTG
77
0 10 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
[ S e 10 CERN WATERIAL No. @ 689
[ Zi ic MATERIAL Polyurethana
i ] 1YPE . AF-30
L E SUPPLIER . Melotlurgica Bresciona
| 1 REMARKS Cable sheath (P)
\ TEST RESULTS
0 L \\ﬁ ¢
I ] %se Dose Tensile propertias Haordness
L 4 rule Sirength Elongation Shore D
c') 1 {MGy) | (Gy/H) R (MPa) £ (%) H (Negree)
v T e— yo | 0.000 3 £ 09 62204 a1 | 260100
=T T 0 1 QM0 [ 17210 69 1 05 2420 &+ 1.7 260 100
5000 [ 1.7x10°) 66 1 0.1 970 ¢ 57 10t 00
' [ I RO - T T e
. RADIATION INDUZ (1 7%10° Cy/h ) <57
_ B 8]
[ O R 1
b < RESULTS OF OHIEER TESTS
A F
| | OXTGEHIMDE X (150 4549) 292 %
o n CORPOITY (DIN 57470) PASS
1()“ A " e | N i s ua )()0
4
TS 10" 10’

ABSORBED DOSE (Cy)
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PUR

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
Lo— SN — 10 CERN MATERIAL No. 706
® i — ESSSY“;[TE:M 1E MATLRIAL Polysster—Polyurethan
- ] TYPE Elastollan C 85 A
SUPPLIER Etaslogran ~ EPE
< REMARKS r)
TEST RESULTS :
Dose Dose Tensile properties Hardness
107 L — 102 rate Strength Elongation Share D
é (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
- T
Y 4 0.000 - 598 + 24 | 5480 + 7.6 340 + 0.0
i 1 0.500 | 17x10°] 39.8 + 14| 5570 + 145 340 £ 0.0
ol : 1.000 |.7x10: 385 + 4.3 | 4630 + 208 330 +0.0
0. NG 5000 [ 1.7x10°] 162 + 1.4 1190 + 11.4 295 + 0.0
= .
. , | 0.000 - 508 + 24| 5480 + 7.6 340 £ 00
10" 1 ~ 10 1 g200 ] 1000|285 + 18| 6142 £ 120 | 320 + 00
[ 1 0.500 1000 | 97 + 05| 4580 + 30.1 240 £ 00
L o ] RADIATION INDEX ( t 7x10° Gy/h ) : 6.2
S J RADIATION INDEX ( 1000  Gy/h ) > 5.7
) o RESULTS OF OTHFR TESTS :
10 A " AW | + b a0 10
7 . , OXYGEN INDEX(I1SO 4589) 266 %
0. 10 10 10 CORROSMITY (DIN 57472) PASS
ABSCRBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, {EC 544
10’ r U — T 10° CERN MATERIAL No. 707
]
R —_— fggg:;;:" i1F MATERIAL Polyether—~Polyurethan
i TYPE Elastollan 1185 A
E SUPPLIER Elastogran — EPE
4 REMARKS ()
J TEST RESULTS
Dose Dose Tensile properties Hardness
102 — IOz rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
] 0.000 - 539 + 40 | 5550 4 42.3 340 £ 0.0
L 1 0.500 | 1.7x10°| 449 £ 2.1 | S680 + 17.2 | 330 4 0.0
ot 1 1.000 | 1.7x10°| 35.3 + 2.2 | 4660 + 14.3 | 330 £ 00
% X 1»e 5000 | 1.7x10°| 124 £ 08 895 + 80 | 320400
. , | 0.0u0 - 539 + 4.0 | 5550 + 42.3 340 + 0.0
0 — 10 (o200 | 1000|350 + 08| 5817 4 189 | 350 + 00
[ ] 0.500 1000 { 152 + 0.4 | 4783 + 223 28.0 + 0.0
L o & ] RADIATION INDEX ( 1.7x10> Gy/h ) @ 6.2
F A - RADIATION INDEX ( 100.0  Gy/h ) > 5.7
- 4
0 o RFSULTS OF OTHER TESTS :
10 s A 4 4 aa i " a1zl 10 .
77 . OXYGEN INDEX(ISO 4589) 252 %
0. 10 10° 10 CORROSMITY (DIN 57472) PASS
ABSORBED DOSE (Cy)
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PVC

POLYVINYL CHLORIDE

[-CH;~CHCI-],

Note: Installations using PVC and other materials containing halogen have been forbidden at
CERN for safety reasons since 1982. For this reason, no tests have been carried out on
these materials. Data can, however, be found in the 1st edition {(Ref. [16]).
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RADOX, trade name of Huber & Suhner
radiation cross-linked polyolefin copolymer

RHEYHALON, trade name of AEG Kabel
see polyolefins, EPDM, and EPR

RUBBERS
Rubbers are long chain cross-linked polymers or copolymers. Cross-linking may be realized
by a mineral reactant, as Sulphur in natural rubber.
see butyl rubber
see EAR and EEA for acrylic rubber
see EPDM and EPR
see polychloroprene
see silicone rubber
see also in 1st edition {Ref. [16])
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RADOX

trade name of Huber & Suhner
radiation cross-linked polyolefin copolymer
see also in 1st edition (Ref. [16]).
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RADOX

Mat. Type Supplier Dose Dose  Tensile properties H Ol Rl
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D) (%)
617 Radox 110 Huber & 0.0 - 19.1 309 48 28
28/26/52 Suhner 0.2 2x 108 19.0 234 46 5.9
Cross-linked 0.5 2x 108 19.4 184 47
1.0 2x10% 18.3 151 47
5.0 2x10% 19.7 40 56
618 Radox 110A Huber & 0.0 - 16.1 178 51 32
M 2336/56 Suhner 0.2 2x 105 16.0 160 52 6.0
Cross-linked 0.5 2x 105 16.4 123 54
1.0 2x 105 15.9 95 54
5.0 2x 105 19.5 21 59
619 Radox 110 Huber & 0.0 - 5.9 179 37 37
M 2371/55 Suhner 0.2 2x 105 7.9 113 41 5.8
Cross-linked 0.5 2x105 9.4 98 43
Sheath 1.0 2x105% 10.5 75 46
5.0 2x 105 14.0 21 50
739 Radox Huber & 0.0 - 10.6 123 38 37
Sheath of Suhner 0.5 2x 105 10.8 59 42 5.6
power cable 1.0 2x 108 11.9 32 44
0.5 100 9.7 54 40
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RADOX

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10—y ———rr — ey 10 CERN MATERIAL No. 617
2 f 1F MATE RIAL Radox 110
i ] YPE 28-2652
I g SUPPLIER Huber & Suhner
REMARKS Radiation cross—-linked (P)
\ﬁ -
TEST RESULTS -
10 L 4
[ DN ] Dose Dose Tensile properties Hardness
@ —_—— s E rale Strength Elongation Shore D
i b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
b i i
a yo | 0000 - 191 + 0.6 | 3090 + 129 | 485 1 0.0
>0 —— O -—g 2 —8 ] 0.200 1.4xlO: 190 + 04| 2335+ 89 | 460 + 00
, | 0500 11.4x107} 19.4 + 0.4 184.4 + 121 468 4+ 0.3
1
10 L {10 | 1000 | 1.4x10°| 183 + 04| 1505+ 65 | 470400
3 -
. ] 5000 |1.4x10°[ 19.7 + 0.4 395+ 2.1 56.0 £ 0.0
| ] RADIATION INDEX (1 4x10° Gy/h) - 59
O R
F A E .
- -4
S H RESULTS OF OTHER TESTS ;
o ° OXYGEN INDEX(I50 41H89) 280 %
107 Led el e 10 CORROSIMITY (DIN 7472) PASS
6 10 10° 10’
ABSORBFD DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, |EC 544
0 S ey 100 CERN MATERIAL No. 618
RF 1e MATERIAL Radox 110 A
[ ) TYPE M 2336/56
L 4 SUPPLIER Huber & Suhner
- 4 REMARKS Radiation cross-—linked (P)
A
TEST RESULTS -
2 2
0L —{ 0
: ] Dose Dose Tenslle properties Hardness
- ——0 ] o .
@ — R rale Sirength Elongation Shore D
1 : (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
& yo | 0.000 - |18 £ 03 178.0 + 124 | 505 + 00
>c‘J B ///,é 1 | 0200 [14x107} 160 & D.4 1995 + 65 | 515 400
& 5 & 0.500 | 1.4x10°| 16.4 + 0.4 1225 4+ 11.7 | 538 £ 08
10' L {10 | 1000 {1.4x10°| 159 £ 03 950 + 7.3 | 535 00
s 3 5000 | 14x10°| 195 + 0.2 210 £ 1.4 | 585 + 0.0
- b T T T
- P
_ RADIATION INDEX (1 4x10° Cy/h ) : 60
O R
A E 1
o R 1 RESULTS OF OTHER 1£5T5
o o OXYGEM INDEX(15G 4589) 320 =
107 LeA el a1 10 CORROSMTY ([N 57472) PASS
0. 10 10° 10
ABSORBED DOSE (Gy)
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RADOX

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10" S— 0 CERN MATERIAL No. 619
Rt 1f MATERIAL Radox 110 sheath
i ] TYPE M 2371/55
1 SUPPLILR Huber & Suhner
- 4 REMARKS Radiafion cross—linked {P)
A ]
TEST RESULTS
0 L _1id
I b Dose Dose YTensile properties Hardness
g R rale Strength Elongation Shore D
7 (MGy) | (Gy/H) R (MPa) € (%) H (Degree)
o ]
Q po | 0-000 - | 59 %02] 1790 £ 102 | 365+00
=7 ] 0.200 [1.4x10°] 79 + 04| 1130 4 220 | 410 £ 0.0
, . | o-s00 1.4x10°| 9.4 1 0.3 975+ 50 | 434 £05
0| —] 10 | 1000 | 1.4x10°} 105 + 0.3 750 £ 3.1 455 + 0.0
& ] 5000 [1.4x10°| 140 + 05| 205+ 1.1 | 500 +00
& . -
4 ] .
L o ] RADIATION INDEX ( 1.4x10° Gy/h ) : 58
F A i
© RESULTS OF OTHER TESTS :
o ° OXYGEN INDEX{I1SQ 4589) 370 %
10 LA sl s 10 CORROSMIY (DIN 57472) PASS
0. 10° 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 S — U I' CERN MATERIAL No. 739
% .
RE e SHORT-TERM ] MATERIAL Polyolefin
S o LONG-TERM
- ] TYPE Radox
H 4 SUPPLIER Huber & Suhner
q 4 REMARKS token from power coble sheath
s TEST RESULTS -
zx Dose Dose Tensile properties Hardness
107 — \02 rate Strength Elongation Shore D
F ] (MGy) | (Gy/H) | R (MPa) € (%) H (Degree)
[ ] 0.000 - |106 05| 1231+ 160 | 380 to00
- 1 0.500 | 18x10°| 108 + 0.7 585+ 70 | 4204 00
ot E 1.000 | 1.8x10%] 11.9 £ 0.4 315+ 29 | 440 4 00
Q| Jre
= 0.000 - 106 + 05| 1231 4 16,0 | 380 +£00
, , 10500 | 1000 ] 9.7 + 08 540 + 65 | 400 1 00
10 ﬁzr‘ {10
[ ] RADIATION INDEX ( 1.8x10° Gy/h } < 5.7
[ ) RADIATION INDEX ( 1000  Gy/h ) < 5.7
L o R il
[ A
! i RESUI TS OF OTHER TESTS
OXYGEN INDEX(ISO 4589) 370 %
° o CORROSMTY (DIN 57472) PASS
10 LA " e e e | " METrerewes B L)
T & 7
o 10 10 10
ABSORBED DOSE (Gy)
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RUBBER

long chain cross-linked polymers or copolymers
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RUBBER

Mat. Type Supplier Dose Dose Tensile properties H Ol Rl
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
713 G-102 Metallurgica 0.0 - 5.9 246 19 18
Bresciana 0.5 2x10° 6.4 177 19 5.9
1.0 2x10° 5.6 107 18
5.0 2x 105 5.2 20 19
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 SE— ey 10° CERN MATERIAL No. : 713
RI 1p MATLRIAL Rubber
[ ] TYPE G-102
3 4 SUPPLIER Metallurgica Bresciana
s 4 REMARKS )
& — ]
TEST RESULTS
1w [ 1
- E Dose Dose Tensile propertles Hardness
E rate Strength Elongation Shore D
1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
QD —b\° 0.000 - 59 + 0.7 | 2460 + 222 190 + 0.0
S¢ oy ] 0500 | 1.7x10°] 64 1 0.7 177.0 £ 152 195 + 0.0
1000 11.7x10°| 56 + 0.6 107.0 + 45 175+ 00
10' L 110 | 5000 | 17x10°| 52 4+ 1.0 200 + 9.1 19.0 1 Q.
® —»’f"—@’\\@‘\_i_@ ] RADIATION INDEX { 1.7x10° Gy/h ) : 5.9
S J
a | RESULTS OF OTHFR TESTS :
o OXYGEN INDEX(I150 4589) : 178 %
o o CORROSMITY (DIN $7472) :  PASS
10 //A i i1 oo aagg] 1 P 10
0. 1c Ted 10

ABSORBED DOSE (Gy)
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SEMICONDUCTING PE
see polyethylene and XLPE

SILANPEX, trade name of AEI Compounds
see EVA

SILYTHENE, trade name of Silec
see polyethylene

SIOPLAS, trade name of AEI Compounds
polyolefin compound based on EVA
see EVA

SIR
Silicone rubber
see also in 1st edition {Ref. [16])
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SILICONE RUBBER

The silicone rubbers are polysiloxanes. The most widely used type is polydimethylsiloxane.

CH; CH;

l I
-8i-0-Si-0-

I |

CH; CH;

n

For general characteristics, see Tables 1 and 2.

See also in 1st edition (Ref. [16]).
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Mat. Type Supplier Dose Dose Tensile properties H Ol RI
No. rate R E
{(MGy) (Gy/h) (MPa) (%) (°D) (%)
582 349V Gorse 0.0 - 6.8 531 13 32
insulation 0.5 2x10° 6.0 41 25
1.0 2x 105 5.7 21 29
5.0 2x 105 5.0 3 100

Remark: Materials 550 and 624 are respectively indexed under EPDM and EPR. Their silicon content is

high and their radiation resistance is bad.

0
10

DETERMINATION OF EFFECTS OF ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

b o
T T

T T

T

T T T

LA RS |

(

10° 10
ABSORBLD DOSE (Gy)

10 CERN MATERIAL No. 582
E MATERIAL Sllicon Rubber
TYpt Insulation 349 Vv
SUPPLIER Gorse
REMARKS ®)
TEST RESULYS
107
Dose Dose Tenslle propertles Hardness
rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
e 0.000 - 8 4 0.4 5310 + 288 13.0 4 00
' 0.500 2.5x105 60 t 04 41.0 £ 102 250 + 0.0
1.000 2.5)(105 57 1+ 16 210 £+ 96 29.0 1 00
10" | 5000 Z.SHOJJ 50 £ 1.4 304 14 |00 400 |
RADIATION INDEX ( 2.5x10° Gy/h ) < 5.7
RESULTS OF OHIER TE51S
OXYGEN INDEX{IH0 4589) 37 %
R CORROSMITY (DIN 57472) PASS
10
7
10
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TEFLON, fluoropolymers trade name of Du Pont de Nemours
see in 1st edition (Ref. [16])

TEFZEL, fluoropolymers trade name of Du Pont de Nemours
see in 1st edition (Ref. [16])

THERMOPLASTICS
Thermoplastics are (for us) undefined polymers, not cross-linked. Thermoplastic rubbers
(TPR) are copolymers with a low degree of cross-linking.

TOXFREE, trade name of CEAT Cavi
Polyolefin or rubber
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THERMOPLASTICS

Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
(MGy) {Gy/h) (MPa) (%) (°D) (%)
615 M-7059-11 Huber & 0.0 - 8.5 522 45 28
Suhner 0.2 2x10° 10.0 268 49 5.3
0.5 2x10% 10.8 176 48
1.0 2x 105 10.8 122 50
5.0 2x10° 11.5 16 53
616 M-7059-204 Huber & 0.0 - 7.9 294 51 29
Suhner 0.2 3x10° 10.7 20 54
0.5 3x10° 11.2 72 55
1.0 3x10° 11.4 56 54
5.0 3x10% 12.8 13 59
888 TPR 799 nat. BP Chemicals 0.0 - 5.7 138 34 37
1987 plates 0.5 2x10% 10.5 34 41
1.0 2x10° 12.3 15 51
5.0 2x105 15.9 7 60
0.2 100 7.3 43 41
0.7 100 10.2 21 45
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THERMOPLASTICS

DETERMINATION OF EFFECTS OF [ONIZING RADIATION ON INSULATING MATERIALS, |EC 544

ki 3
1 - ] S I CERN MATERIAL No. 615
[ 11 MATE RIAL Thermoplastic
zg ] TYpE M 7059/11
! . SUPPLIER Huber & Suhner
L \)% REMARK.S (P)
TEST RESULTS
0L 10°
[ Dose Dose Tensile properties Hardness
& rate Sirength Elongation Shore O
i (MGy) | (Gy/H) R (MPa) E (%) H {Degree)
© o T
a o | 0.000 - 85 + 22| 5220 £1139 | 445 400
> 0200 | 14x10°| 100 L 0.2 | 2680 + 46.0 | 49.0 t 0.0
| . | 0000 1.4x10°| 108 £ 05 | 1764 £ 438 | 481 4 1.3
Lo T 10 | 1000 | 1.ax10®| 108 + 02 1220 £ 21.7 | 495 400
@ 5000 [1.4x10° 115 £ 03 | 155+ 27 | 525100
i RADIATION INDEX ( 14,10 Cy/h ) : 53
- )
o 1 RESULTS OF OIHER TESTS :
o o OXYGEN INDLX(1S0 4530) 280 %
10 Led —t el e LY CORROSMITY (1IN 57472) PASS
0. 10 10° 10"
ABSORBLD DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
' . —— N It CERN MATERIAL No. 616
[2 F MATE RIAL Thermoplastic
[ ] TYPE M 7059/204
L 4 SUPPLILR Huber & Suhner
A ] REMARKS (P)
TEST RESULTS -
10 L 11
i h Dose Dose Tenslle properties Hardness ]
& E rate Strength Elongation Shore D
- 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
N 0.000 — ] 79 £ 03] 2940 £1165 | 505 4 0.0
>7 0.200 |[1.4x10° | 10.7 4 05 900 + 226 | 540 4 0.0
- 0500 |1.4x10° 112 4 07 722 4 146 | 551 405
1wl e —0 1000 [ 1.4x1071 11.4 & 04 5.0+ 96 | 540 t 00
® 5000 |1.4x107[ 128 4 D6 130+ 33 | 595 00
i S [ ——_—— e = -
[ ] RADIATION INDEX (1 4x10° 0y/h ) <53
O R
S i
[ o M 1 RESULTS OF OIIER 1E5STS
o ° OXYGEN INDEX(170) 1589) 290 =
107 LA it st | et 10 CORRONNITY (DIN '+/472) PASS
o 10 100 10/

ABSORBLD DOSE (Gy)

1
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THERMOPLASTICS

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3
10 I T T T ¥ v 7 'l' Ll T T T T 'll_‘
L e SHORT-T( M
R I  LONG- TERM 4
A
10 L —
[ ]
+ 4
H E
o7 )
a
st ]
1
10 | p—
® ]
L o p
5 N ]
0
10 71 e aoa s sl " et 2
0. 10 10°
ABSORBED DOSE (Cy)

CERN MATERIAL No.

888

MATERIAL Thermoplastlc Rubber

TYPE TPR 799 NAT

SUPPLIER BP Chemicals

REMARKS 1987 plates

TEST RESULTS
Dose Dose Tensile properties Hardness
rate Strength Elongation Shore D

(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
0.000 - 57 £ 0.4 138.4 + 46 340 £ 0.0
0500 [2.7x10°| 105 £ 05 344 £ 61 410 + 00
1.000 |2.7x10°| 12.3 4 0.4 1952 + 33 51.0 £ 0.0
5000 |2.7x10°| 159 + 0.4 7.2+ 18 60.0 1 0.0
0.000 - 57 £ D.4 1384 £ 46 340 £ 0.0
0.200 100.0 7.3 £ 06 432 £ 10.0 41.4 4 G4
0.700 100.0 | 102 £ DS 208 £ 11 450 + 0.0

RADIATION INDEX ( 2.7x10° Gy/h ) < 5.7
RADIATION INDEX

100.0

RESULTS OF OTHER TESTS ¢
OXYGEM INDEX(I150 4589)
CORROSMIY (DIN 57472)

Gy/h ) <53

372 %
PASS
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TOXFREE

Mat. Type Supplier Dose Dose Tensile properties H Ol Rl
No. rate R E
(MGy) {Gy/h) {MPa) (%) (°D) (%)
627 773G 5FR Cablexport 0.0 - 4.9 304 17 27
CEAT 0.5 2x10° 5.0 100 18
1.0 2x 105 7.5 48 27
5.0 2x10% 2.8 8 35
628 4/846-b Cablexport 0.0 - 8.8 277 21 27
ric 772 CEAT 0.5 2x10° 6.9 89 20
1.0 2x 105 7.0 39 23
5.0 2x108 4.5 16 32
629 4/40 G5 Cablexport 0.0 - 8.2 156 17 21
ric 739 CEAT 0.5 2x10% 9.1 69 20
1.0 2x105 10.1 32 22
5.0 2x10° 3.0 5 27
799 M 2 (809) CEAT Cavi 0.0 - 8.5 126 32 50
Sheath 0.5 2x 105 11.6 61 42 5.6
1.0 2x105 11.7 37 46
5.0 2x 105 17.1 11 65
800 M 2(782) CEAT Cavi 0.0 - 7.3 163 25 42
Sheath 0.5 2x10% 8.0 94 27 5.8
1.0 2x105 8.2 66 30
5.0 2x10° 12.4 12 55
801 G 10(04022) CEAT Cavi 0.0 - 8.0 179 29 42
HT insul. 0.5 2x 105 8.3 74 31
1.0 2x105 8.3 b4 31
5.0 2x10° 10.6 20 46
802 G 5(773) CEAT Cavi 0.0 - 6.3 222 19 31
Insulation 0.5 2x10° 6.3 133 20 5.8
1.0 2x105 5.5 78 20
5.0 2x10% 7.4 38 28
803 G9(819) CEAT Cavi 0.0 - 14.7 136 42 40
0.5 2x 108 14.0 93 49 5.9
1.0 2x 10° 13.9 57 50
5.0 2x 105 14.5 14 61
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TOXFREE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3

jog— O . N [ CERN MATERIAL No. 627
[ [ ] F MATERIAL Toxfree
[ A TYPE 773 G5 F.R.
L 4 SUPPLIER Coblexporl (CEAT Cavi)
A ; REMARKS (P)
TLST RESULTS
10 L i
i b Dose Cose o T:eqrslﬁ properties i—l;;dr{ess ]
- g rate Sirength Elongation Shore D
3 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
5 yo | 0.000 - 49 1 01 3040 + 152 17.0 £ 0.0
X Jee
>4 0.500 | 1.4x10°] 50 4 0.1 1000 ¢+ 3.2 18.0 2 00
1.000 | 1.4x10°] 7.5 t 0.4 480 £ 5. 270 400
w0 L 10" | 5000 [ 1ax®| 2.8 01 80+ 16 | 355 +00
- 1 RADIATION INDEX ( 1.4x10° Gy/h ) < 5.7
® — ]
E o n i
I 4t RESULTS OF OTHER TESTS ¢
S OXYGEN INDEX(1SO 4589) 270 %
CORROSIVITY (DIN 57472) PASS
0 0
107 Lea L e waaaaal . e aaaaa] 10
77
0. 10 1 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
[ S— . ey 10 CERN MATERIAL No. 628
R ¥ j E MATE RIAL Toxfree
[ ] TYPE 4/B46-b ric 772
4 SUPPLIFR Cablexpori (CEAT Cavi)
_ REMARKS P
A (P)
TEST RESULIS :
10 L |
I ] Dose Dose Tenslle propertles Hardness
3 1 role Strenglh Elongation Shore D
i N h (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
ol 1 Y T
a4 yo | 0:000 - 88 1 03] 2768 + 155 | 210 £ 00
> A 0.500 |1.4x10°] 69 + 09 89.2 + 135 195 t 0.0
‘ 1.000 [1.4x10°| 7.0 ¢ 05 392+ 23 | 230400
‘OCD_ —110' | 5.000 | 1.4x10"] 45 + 1.4 160 + 57 | 3204 00
S o ol .
F ~__ . RADIATION INDFX ( 1.4x10° Gy/h ) < 5.7
- 5 ]
A ) )
| | RESULTS OF OTHLR TESTS ¢
& M OXYGEN INDEX(15U 4589) 270 %
" o CORROSIVITY (DIN 5/472) PASS
107 L a et ] ] 10
77 -
n 10 10 10’

ABSORBED DOSE (Cy)
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TOXFREE

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
[j— — . e 10 CERN MATERIAL No. 629
2308 1F MATE RIAL Toxfree
L ] TYPE 4/40 ric 739 G5
3 E SUPPLIER Cablexport (CEAT Cavi)
L _ REMARKS )
4 TEST RESULTS
100 | i
] Dose Dose Tensile properties Hardness
- B rate Strength Elongation Shore D
I ) {(MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
ot i s o
a o yo | 0000 - | 82 £ 12 1564 4 236 17.0 + 0.0
2<‘ 1 0.500 1.4x10;3 9.1 4 0.6 688 + 3.3 19.5 + 0.0
‘ _ | 1000 | raxi0’ 100 4 07 324 + 26 | 220 +00
1w I = —J10' | 5000 {1.4x10°| 30 & 1. 52 + 3.9 | 270 £00
¢ ] ’ '
i . RADIATION INDEX { 1.4x10> Gy/h ) < 5.7
. i
T A E i i} , .
I | RLSULTS OF OTHER TESTS :
o H OXYGEN INUEX(1S0 4589) 210 %
o o CORROSMITY (DIN 57472) PASS
10° Led PRI | . R R T
0. 100 10° 107
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10° : S . e 10° CERN MATERIAL No. 799
RF E MATERIAL Toxfree
! ] TYPE M 2 (809) compound
: . SUPPLIER CEAT Cavi
L g REMARKS External sheath (P)
TEST RESULTS :
104_ 1
[ ] Dose Dose Tensile properties Hardness
F E rate Strength Elongation Shore D
<‘> h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
&g ye | 0000 - 85 + 0.4 1265 + 7.5 | 320 £00
- ] 0.500 | 1.8x10°} 11.6 + 06 612 £ 30 | 420 £00
1000 | 1.8x10°| 11.7 + 0.9 368 + 39 | 460 +00
0L 410 | 5000 [1.8x10°] 171 £ 19 112+ 1.0 | 650 +£00
i) ]
1 RADIATION INDEX ( 1.8x10° Gy/h ) < 5.7
L o R i
At | RESULTS OF QTHER TESTS :
S H OXYGEN INDFX(ISO 4989) 498 %
o 0 CORROSMITY (DIN 57472) PAS?
10 4 s ey i a3 10
77
0. 10° 10° 10
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TOXFREE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

100 Y

Yy

.Y
rrTTrigYYT

(-3 c]
T m x

g

10 LA "

PR AT e | N

T T

e

i

77
0. 10 10

ABSORBED DOSC (Gy)

10°
Doss Dose Tenslie properiies Hardness
rale Slirength Elongation Shore D
(MGy) | (Gy/H) R {MPg) E (%) H (Degree)
38 0.000 T 73 £ 03 163.2 £ 111 250 £ 00
0.500 | 1.8x10 80 4 03 944 36 27.0 t 0.0
. 1.000 | 1.8¢10°] 82 % 06 664 + 4.3 300 4 0.0
10 5000 | 1.8x10°} 12.4 + 08 124 + 09 550 1 0.0
RADIANON INDEX  1.8x10° Gy/h) : 58
RESULTS OF OTHER TESTS @
OXYGEN INDEX(ISO 458Y) 423 %
o CORROSMITY (DIN 57472) PASS
10
10’

CERN MATERIAL No.

MATERIAL
YPE
SUPPLIER
REMARKS

TEST RESULTS

Toxfree

800

M 2 (782) compound

CEAT Covl

Fxternol sheath (P)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544

3

10 — Ty . —trrrr 10 CERN MATERIAL No. 801
R i £ MATERIAL Toxfres
] TYPE G 10 (04022) compound
1 SUPPLIER CEAT Covi
- REMARKS HT insulation (P)
TEST RESULIS :
10 Ty
] Dose Dose Tenslle propertles Hardness
L rafe Sirengih Elongation Shore D
1 (MGy) | (Gy/H) R (MPa) E(X) H (Degree)
e pe | 0000 - JBo#o04] 1785£100 | 200%00
= 1 0500 [1.8x10 | 83 & 02 740 + 28 310 £ 0.0
1.000 {1.8<10°| 8.3 + 0.2 540+ 3.2 | 310 £00
10’ &/—0 110" | so00 11.8x10°} 106 = 05 200+ 00 | 460 £ 00
& ]
1 RADIATION INDEX { 1.8x10° Gy/h ) < 5.7
® R 1
A € )
RESULTS OF OTHER TESTS :
o H OXYGEN INDEX{1SO 4589) a6 %
o CORROSMTY (DIN 57472) PASS
10 re N P Fawes | aaaaal) 10
0. 10 1e® '

ABSORBED DOSE (Cy)

185



TOXFREE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
P CERN MATERIAL Ho. 802
P E 1¢ MATERIAL Toxfree
- ] TYPL G 5 (773) compound
| - SUPPIIER CEAT Cavi
| 4 REMARKS Insutation  (P)
4 ]
T TEST RESULTS
W0 L A
[ b Dose Dose Tensile propertes Hardness
8 L rale Sirenglh Eiongation Shore D
1 h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ol :
0 N /o ye | 0000 - | s3&02| 2216108 | 190 +00
>0 © © 1 0500 | 1.8x10 | 63 £ 02 ] 1328 + 9. 200 £00
' , | 1000 185107} 55 4 05 776 £ 73 | 200 100
10| 410 | s.000 |1.8x10°] 7.4 1 0.3 384+ 33 | 280400
[ ]
C? -————‘_\6\@_,/@ ] RADIATION INDLX { 1.8x10° Gy/h ) : 58
[ O R 1
LA ¢ ]
RESULTS OF OTHER 1L5I5 :
¢ M OXYGE N INDEX(150 4589) 308 %
A o CORROUMITY (DIN 57472) PASS
10 2 4 1 a2 a2l n A s a3 10
77
0. 10 ' 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10— S— I | CERN MATERIAL No. 803
R iE MATE RIAL Toxfree
i TYPE G 9 (819) compound
- SUPPLILR CEAT Covi
4 REMARKS )
TEST RESULTS :
1w ]
]
] Dase Dose Tenslle propertles Hardness
b rale Strenglh Elongation Shors D
1 (MGy) | (6y/H) R (MPa) E (%) H (Degree)
& e | 0.000 - 14704 1364x 75 | w20 +00
> ) 0.500 |1.8x10 | 14.0 £ 0.2 932+ 18 | 4930100
; - — - , | 1000 [1.8x10°] 13.9 + 0.4 56.8 = 4.1 | 500 + 00
0 L 110" | s.000 |1.8¢10°] 145 + 0.7 140+ 14 | 610+ 00
L p
3 -
: ] RADIATION INDEX ( 1 8x10> Gy/h) : 59
o R ]
| At | RESULTS OF OYHER TESTS :
® H OXYGEN INDEX(ISO 4589) 403 %
o o CORRQSMIY (DIN 57472) PASS
10 Lo 2 a2 o s aaal A e a2 120} 10
77
0. 10° 1 10
ABSORBED DOSE (Gy)
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VAC
abbreviation used by kabeimetal electro for vinyl acetate copolymers

VAMAC, trade name of Du Pont de Nemours
ethyl acrylate rubber

VITON, trade name of Du Pont de Nemours
see 1st edition (Ref. [16])
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VAC

Mat. Type Supplier Dose Dose  Tensile properties H Ol RI
No. rate R E
{(MGy) {Gy/h) {MPa) (%) (°D} (%)
483 VAC/EPR T1 kabelmetal 0.0 - 13.3 643 38 27
Thermoplastic electro 0.5 2x 105 13.4 418 42 5.8
sheath 1.0 2x10% 8.6 130 43
5.0 2% 105 8.1 20 34
484 VAC/EPR T2 kabelmetal 0.0 - 11.5 620 42 32
Thermoplastic electro 0.5 2x 105 11.4 375 43 5.8
sheath 1.0 2x 105 8.5 128 44
5.0 2x105 6.4 12 43
0.2 200 9.4 491 42 5.5
0.5 200 7.2 180 44
485 VAC/EPR T3 kabelmetal 0.0 - 8.5 574 43 37
Thermoplastic electro 0.5 2x108 8.5 312 46 5.7
sheath 1.0 2x 105 8.4 71 46
50  2x105 7.2 13 47
486 VAC/EPR T4 kabelmetal 0.0 - 6.3 342 45 42
Thermoplastic electro 0.5 2x105 6.8 142 47 5.6
sheath 1.0 2x10°% 8.6 64 48
5.0 2x105 9.0 16 47
763 3GI1190 kabelmetal 0.0 - 11.6 352 29 24
Cross-linked electro 0.5 2x 105 11.5 210 29 6.0
Insulation 2.5 2x10% 10.8 145 29
5.0 2x10°% 7.7 33 31
0.2 100 1.7 303 30
0.5 100 9.9 215 31 >b5.7
764 2YMO11-011 kabelmetal 0.0 - 10.2 569 40 30
Thermoplastic electro 0.5 2x105 11.9 403 42 6.3
sheath 2.5 2x10°% 12.3 280 45
5.0 2 x 105 8.9 10 50
0.2 100 8.4 444 43 5.5
0.5 100 7.9 42 45
871 VAC + EPR kabelmetal 0.0 - 10.2 663 36 32
T2 electro 0.2 2x 105 11.6 426 38 5.4
External 0.5 2x 105 7.7 186 41
sheath of 1.0 2x 105 8.6 86 43
LEP cables
0.2 100 8.4 450 41 5.3
0.5 100 4.7 32 38
872 VAC + EPR kabelmetal 0.0 - 8.9 653 30 33
T2 electro 0.2 2x 105 12.1 454 35 5.5
Inner 0.5 2x 105 8.1 250 36
sheath of 1.0 2x10% 7.0 91 38
LEP cables
0.2 100 6.2 438 38 5.3
0.5 100 4.7 40 36
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VAC

Mat. Type Supplier Dose Dose Tensile properties H Of  RI
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
915 2YMO10-011 kabeimetal 0.0 - 10.9 657 36 33
Thermoplastic electro 0.2 2x 105 13.1 526 38 5.8
Sheath 0.5 2 x 105 13.0 391 39
1.0 2x10% 8.0 231 41
5.0 2x 108 8.5 29 46
0.2 100 8.1 726 37 5.5
0.7 100 5.4 136 30
922 2YMOI10ORR kabelmetal 0.0 - 11.6 608 39 32
Thermoplastic electro 0.2 2x10% 13.2 594 40 6.0
Sheath 0.5 2x 105 13.1 527 40
1.0 2x 105 10.0 340 40
5.0 2x 105 9.1 25 45
0.2 100 7.8 709 38 5.4
0.7 100 5.0 33 33
982 2YMO11RR kabelmetal 0.0 - 9.2 628 32 30
Thermoplastic electro 0.2 3200 9.7 577 34 5.7
Sheath 0.5 3200 9.0 487 36
1.0 3200 6.1 28 38
5.0 2x105 8.0 13 43
983 2YMO12RR kabelmetal 0.0 - 14.2 607 34 34
Thermoplastic electro 0.2 3200 8.6 558 37 5.5
Sheath 0.5 3200 5.4 96 40
1.0 3200 6.5 12 42
5.0 2x 108 7.3 12 47
988 2Y1066RR kabelmetal 0.0 - 11.8 668 36 31
Thermoplastic electro 0.2 3200 11.6 597 38 5.7
Insulation 0.5 3200 9.3 371 40
1.0 3200 10.1 134 41
5.0 2x10% 13.7 24 39
989 2X1076 kabelmetal 0.0 - 10.3 458 37 36
Cross-linked electro 0.2 3200 10.2 402 41 5.5
Insulation 0.5 3200 6.9 92 42
1.0 3200 7.5 57 45
5.0 2x 105 7.0 7 44
990 HM 180 RR kabelmetal 0.0 - 7.2 483 28 35
Cross-linked electro 0.2 3200 6.6 340 30 5.7
Sheath 0.5 3200 5.4 263 31
1.0 3200 5.6 62 33
5.0 2x108% 11.4 14 53
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

g ———rrrr ST CERN MATERIAL No. 483
HLE i MATE RIAL Copolymer VAC/EPR
[ ] TYPE Tt, thermoplastic
- g SUPPLITR kabelmetal eleciro
L g REMARKS Sheath, 50 % filler
TEST RESULTS -
10 L ]
[ ] Dose Dose Tensile properties Hardness
- B rafe Strength Elvongallon Shore D
] 1 (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
ot ] L~ .72 . ; L Tl
s) 3o 0.000 - 1331413 6432 £ 278 80 + 00
>7r T 0.500 1.7xlU; 134 + 11 4176 + 203 42.0 1+ 00
C) \ 1.000 1.7x10 86 1 05 1300 £ 21.3 430 1 0.0
1 5
0 L —] 10 5000 | 1.7x10 a1 + 1.4 204 £+ 4.6 340 t 00
B 1 U RN S o
i 1 RADIATION INDEX ( 1 7x10° Gy/h ) : 5.8
5 o R p
I p
A E - e
| ] RESULTS Of OTHLR T£57S ¢
© H OXYGEN INDEX(1S0 4589) 270 %
o o CORROSIMITY (DIN ©/472) PASS
10 A " 10 aoaaaal " L a2 0] 10
77
0. 10° 10 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
; 3
10 — v ——r . S— ':1 10 CERN MATERIAL No. 484
S SHOKT - TERM - -
[‘A AAAAA vonetern ] E MAIFIHAL Copolymer VAC/EPR
i ] TYPE T2, thermoplastic
L g SUPPLIFR kabelmetal eleclro
L 4 REMARKS Sheath, 55 % filler
| i TEST RESULTS
Dose Dose Tensile properties Hardness
!Uz - - 10z rate Strength Elongatlon Shore D
9 ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
F ]
L ] .
F 4 0.000 - 115 + 05 620.0 + 24.0 415 + 00
2 1 0.500 l.7x105 114 £ 20 3752 £ 721 435 1 00
ol h 1.000 |47)(1O5 85 % 02 1284 £ 263 44.0 4 0.0
a | Ise | 5000 [ 17410 6.4 1 1 120 £ 54 | 425 00
> t---—— 4
@ . 0.000 - 115 £ 05 620.0 £ 240 415 1 0.N
10°¢ —'0 | 0200 ] 2000 | 94 & 1.1 ] 4905 + 27.2 | 420 4 Q.0
[ ] 0.500 200.0 7.2 + 01 180.0 + 48.3 435 4 0.0
P, 4 RADIATION INDEX { 1 7x10° Gy/h ) : 58
] RADIATION INUEX { 2000  Gy/h ) : 55
A £
ol | N RISULTS OF OTHER TFSTS ¢
10 L S, T OXYGEN INDEX(150 1589) 316 %
0. 10° 0 10 CORROSMIT (DIN 2472) PASS

ABSORBID DOSE (Gy)
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VAC

T T

b

ALBSORRBED DOSE (Gy)

i O R
S _
Foo oH 1
10 LA NS | ; PR
77
0. 10 T

i

CERN MATERIAL No.

MATE RIAL
TYPE

SUPELER
REMARK:,

TEST RESULTS -

Dose Dose
ralte
(MGy) | (Gy/H)
0.000 -
0500 | 1.7x10°
1000 | 1.7%10°
| 500 Ve tn”

RADIATION INDLX ( 1.7x10° Cy/h ) :

RESUITS OF OTHE
OXYGEN INDE £(1

CORROSVITY (DIN 57472)

485

Copolymer VAC/EPR
T3, thermoplastic
kabetmelal electro
Sheath, 58 % filler

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

Hardness

Tensile properties
Sfrer\gl};~ Elongation Shore D
R (MPa) £ (%) H (Degree)
8.5 + 1.5 5744 £ 305 425 4 00
85 4 1.7 312.0 L 99.0 455 1 00
84 4 0.3 71.2 £+ 182 46.0 + GO
7.2 £ 2.1 128 + 7.2 405 1 00

5.7

ROILSTS ¢
) 4589) 370 %

PASS

T T T T

A 1l

160

ABSORRLD DOSE (Cy)

[ (Ut
A € )
L e W ]
10 Led R T
uoon N

CERN MATERIAL No.

MATERIAL
TYPE

SUPPLIER
REMARKS

TEST RESULTS

486

Copolymer VAC/EPR
T4, thermoplastic
kabelmelol electro
Sheath, 62 % fillar

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

Tensile properties

Hardness

Dose Dose
rate

(MGy) | (Gy/H)
IR BN
0.000 -

0500 | 1.7x10°
1000 | 1.7x10°
5.000 | 1.7x10°

Sirength Elongation
R (MPa) F (%)
6.3 + 0.7 | 3416 £1846
68 1 0.2 1424 +1146
B6 t 02 640 + 76
90 t 07 16.0 + 32

RADIATION INDEX { 1.7x10° Cy/h ) < 57

Shore D
H (Degree)

450 1 00
470 1 00
480 1 00

47.0 t 0O

RESULTS OF OTHER 11515 ¢
OX GEN DL X{150 4589) 420 %
CORROSNITY (DIN 574 72) FASS
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 T — — e 1O CERN MATERIAL No. 763
ke R 1 MATERIAL EPR / VAC copolymer
- ] TYPE 3 Gt 190, XL (85-2/19)
B SUPPLIER kabelmetal eleciro
P 4 REMARKS Insulation for magnet cables (S3)
| TEST RLSULTS ¢
Dose Dose Tensile properties Hardness
102 L ] 102 rate Strength Eiongation Shore O
[ p (MGy) | (Gy/H) R (MPa) £ (%) H (Degrse)
[ ] 0.000 - 116 = 03 3517 + 68 29.0 + 0.0
E 0.500 |1.7x10°} 11.5 + 05 2100 + 21.7 290 £ 00
ol : 2500 | 1.7x10°] 108 0.2 1450 £+ 6.3 29.0 £ 00
% | 1pe 5000 | 1.7x10°] 7.7 £ 05 333+ 52 31.0 £ 00
@ , | 0.000 - 116 £ 03| 3517 + 68 290 4+ 0.0
105 —{ 10 | 0.200 | 1000 ]11.7 £ 05| 3033 + 183 | 303 %05
[ ] 0.500 1000 | 9.9 +£ 0.3 | 2150 + 16.6 30.9 £ 0.9
o ] RADIATION INDEX ( 1.7x10° Gy/h ) : 60
At 4 RADIATION INDEX ( 1000  Gy/h ) > 5.7
Pl . o RESULTS OF OTHER TESTS :
Wby E— S— , OXYGEN INDEX(ISO 4589) 240 %
o, 10 0 10 COKROSIVITY (DIN 57472) PASS
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 | — T - 10 CERN MATERIAL No. 764
R ——fgﬁ(’;'q:r{z“ 1E MATERIAL VAC-~copolymer
R - ] TYPE 2 YM 011, therm. (85-4/20)
| E SUPPLIER kabelmetal eleciro
L g REMARKS Black sheath for magnet cobles (S3)
! ] TEST RESULTS :
Dose Dose Tensite properties Hardness
102 L — 'IO2 rate Strength Elongation Shore D
(MGy) | (Gy/H) R (MPa) E (%) H (Degree)
i ] 0.000 - 10.2 + 0.4 569.2 + 12.8 40.0 £ 0.0
- 1 0.500 |1.7x10%] 119 & 02 4033 + 52 420 £ 00
ol : 2.500 1.7x10: 123 + 0.7 2800 £ 3.2 450 £ 0.0
ﬂ2 | 1re 5000 [1.7x10°| 89 + 0. 100 £ 0.0 50.0 £ 0.0
, , | o.000 - 102 + 0.4 569.2 £ 12.8 400 £ 0.0
10 - —{'0 | 0200 | 1000 84 + 05! 4442 % 172 427 4 1.
s ® —6 h 0.500 1000 | 79 % 0.2 420 + 130 454 £ 1.4
i ] X
s ® R R RADIATION INDEX ( 1 7x10° Gy/h ) : 6.3
A - RADIATION INDCX { 1000 Gy/h): 54
o o RESULTS OF OTHER TESTS
10 A s oa s aaasl L o310 i
77 . ) OXYGEN INDE X(1S0 4589) 300 %
0 10 i) 10 CORROLMTY (DIN 57472) PASS

ARSORBED DOSE (Gy)

183



VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

i0 ' ] e 100 CERN MATERIAL No. 871
R‘E —f(’)‘sg‘l::‘;“ 1 MATCRIAL VAC Copolymer /EFR
L . o ] TYPE Black T 2
3 4 SUPPLIER kabeimetal eleciro
S 4 REMARKS from external shaath of LEP cable
! i TEST RESULTS -
Dose Cose ~ Tgf\sile properties Hardness
\Oz = - 102 rate Strength Elongation Shore D
E E (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
L ] 0.000 - 07 & 0.4 663.0 + 7.6 364 £05
H 1 0.200 | 1.7x10°] 116 ¢ 27 4260 + 545 381 +16
1 0.900 {1.7x10°] 7.7 + 02 1855 + 192 406 + 0.5
1re 1.000 [1.7x10°] &6 + pa 86.0 + 19.5 426 £+ 05
, | 0.000 -- 102 + 0.4 6630 + 76 364 + 05
—~ 0 o200 1000 | 84 £ 07 ] 4500 + 166 | 410 + 0.0
] 0500 1000 | 47 + 01 315+ 29 38.0 1 0.0
] RADIATION INDEX ( 1.7x10° Gy/h ) : 54
F oA - RADIATION INDEX ( 1000  Gy/h ) : 5.3
o 0 RESULTS OF OTHER TESTS :
10 Lo g e NS S T+ . .
77 . . , OXYGEN INDFX(ISO 4589) 323 %
0. 10 10 10 CORROSIMITY (DIN 57472} PASS
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 . ——rrrrey — ey 10 CERN MATERIAL No. 872
Ri ——fgﬁ?l:m‘ 1e MATERIAL VAC Copolymer /EPR
[ ] TYPE Black T 2
- g SUPPLIER kabelmetal eleciro
- g REMARKS from inner sheath of LEP cable
s 3 TEST RESULTS
Dose Dose 7lr'ensile properiies Hardness
10 L i rate Strength Elongotion Shore D
3 1 (MGy) | (Gy/H) | R (MPa) E (%) H (Degres)
L | 0.600 - 89 + 03 6530 + 10.4 300 £ 0.0
i 1 0200 |1 7x10°| 121 + 12 4540 + 129 348 1.2
of 1 0.500 | 1.7x10°] 8.1 + 03 250.0 + 20.9 36.0 + 0.0
% ! 5o 1.000 | 1.7x10°] 7.0 4 01 905 + 14.6 38.0 £ 00
. , | 0.000 - 89 t 0.3 6530 + 10.4 300 + Q0
‘06 —'0 | 0200 1000] 62 + 03| 4380+ 189 | 380 00
[ \@ ] 0.500 1000 | 4.7 % 0.2 400 + 1.8 36.0 + 00
L o e ] RADIATION INDFX ( 1.7x10° Gy/h ) : 5.5
R A ] RADIATION INDEX ( 1000 Gy/h) : 53
0 o RESULTS OF OTHER TESTS
10 4 M | L s a3 10 . )
7 s R 5 OXYGEN INDUX{(150 4589) 329 %
0. 10 10 10 CORROSIMITY (DIN %/47/2) PASS

ARSORBED DOSE (Cy)
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

CERN MATERIAL No.

915

T T T
S SHOR[- 11 kM T : -
Ri . T lone o] £ MATERIAL VAC—copolymer
L § TYPE 2 YM 010-011, thermop!astic
L E SUPPLIER kabeimetal eleciro
L E REMARKS black sheath (5?)
| ) TEST RESULTS :
Dose !' Dose Ten;ile properties Hardness
10 L I T rate Strangth Elongation Shore D
- (MGy) | (Gy/H) R (MPa) E (%) H (Degrae)
[ ] 0.000 - 109 £ 02| 6570+ 104 | 360+00
+ 1 0200 [25x10%{ 131 + 06| 5260+ 89 380+ 00
9
ol 1 0.500 |25x10 1130 4 0.2 3910+ 82 390+ 00
o NS 1000 |25x10 | 80 + 0.9 | 231.0 + 96.1 410 %00
= 5000 |25x10°] 85 + 0.2 290 4+ 22 460 + 0.0
| ’ N T
‘OQ —'% | o000 - 109 £ 02| 6570 + 104 | 360400
L ] 0.200 00| 81 + D5 7260 £ 29.9 365 £ 00
i ] 0.700 | 1000 | 54 % 0.1 1360 + 52.4 300 + 0.0
i O R ] . s
| J RADIATION INDEX ( 2.5%10° Gy/h ) : 5.8
A RADIATION INDEX ( 100.0  Gy/h ) : 5.5
() 1]
107 Lud e e 10 RESULTS OF OTHER 10575 :
0. 100 10° 10 OXYGEN INDEX(I50 4589) 330 %
CORROSMITY (DIN 57472 PAS
ABSORBED DOSE (Gy) CORROSIVITY (DN 747 ) SS
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
10" ——rrrr et 10° CERN MATERIAL No. 922
Rf — SHORT-TFRM. 3 ¢ MATERIAL VAC -copolymer
— -~ LONG-TERM 4
] TYPE 2 YM D10 RR, thermoplastic
+ 4 SUPPLIER kabelmeltal aleciro
I E REMARKS sheath, colourable (S2)
| | TEST RESULTS :
Dose Dose “ngsile propgr_!ies Hardness
102 - — 102 rate Strength Elongation Shore D
E ] (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
I ] 0.000 - 116 + DB [ 608.0 + 20.8 39.0 £ 0.0
- 1 0200 |25x10°} 132 + 03 | 5940 + 129 400 + 00
s
ot : 0500 12.5x10 1 131 4 23 | 5270 + 315 400 £ 00
a | |ne 1000 |2.5x10 | 10.0 4 1.6 | 3400 & 215 400 4+ 00
= 5000 |25x10°[ 91 + 0.4 250 + 35 450 + 0.0
" ) i G e
10°F — 10 | 0000 - 176 £+ 0.B | 6080 + 208 | 390 +00
b ] 0.200 1000 | 78 + 06 | 7090 + 360 375 + 00
r ] 0.700 1000 | 50 + 0.0 325+ 35 330 + 00
r O R 1 3 5
- 4 RADIATION INDEX ( 2.5x107 Gy/h ) : 6.0
] a | RADIATION INDEX { 1000 Gy/h ) : 5.4
0 ¢
10 LA ] At T 10 RESULTS OF ONILR TESTS :
o 10 10° 1’ OXYGEN INDEX(150 4589) 320 %
CORROSMIY (DIN 5/47,) PASS

ABSORBED DOSE (Gy)
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC S44

3 3
10 . ] . SR —— GERN MATERIAL No. 982
2k 1FH MATE RIAL VAC-copolymer
8 A i~ . .
[ 1 TYRE 2 YM 011 RR, ihermoplostic
L 1 SUPPLILR kabelmetol electro
| 4 REMARKS sheath colourable
TEST RISULTS
2 2
0L 110
: ] Dose Dose Tensile properties Hardness
- 1 rale Strengih Elongation Shore D
—% 1 (MGy) | (Gy/H) R (MPa) € (%) H (Degree)
@ — ] —_ -
o yo | 0000 92 &£ 15| 6280+ 45 | 320 400
> i 0200 | 3176.0 | 97 % 0.5 577.0 + 18.2 34.0 £ 00
0500 | 31760 | 90 + 0.3 4870 + B84 36.0 £ 00
1
10’ @ —J1wo 1.000 | 3176.0 | 6.1 £ 0.2 275+ 1.8 38.0 100
¢ \@\@////@ ] 5000 [2.2x10°| 80 + 02 125+ 1.6 | 430400
[ ] RADIATION INDEX (31760  Gy/h ) . 57
g R
- A ]
[ © H | RESULTS OF OTHER THSTS ¢
o o OXYGEN INDEX(ISO 4539) 300 %
107 Ly el L st 10 CORKOEMITY (DI 57472) PASS
0. 1w 10° 107

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3 3
10— T § -y 10 CERN MATERIAL No. 983
o 1 - .
[ A ] L,H MATE RIAL VAC—copolymer
i A TYbt 2 YM 012 RR, thermoplastic
5 B SUPPLIER kabeimelal electro
I 4 REMARKS sheath, colourable
TEST RESULTS -
107 n ] 10?
E ] Dose Dose Tenslte properties Hardness
b E rale Strength Elongation Shore D
<; (MGy) | (Gy/H) R (MPq) E (%) H (Degree)
& yo | 0000 - 142 $132 | €070 £ 67 | 340 100
> T i 0200 | 3176.0 | 86 4 01 5575 £ 65 370100
d) 0.500 | 31760 | 54 % 0.2 955 + 328 | 400 % QU
1
10' L. {10 [ 1000 | 31760 | 65 4 0.2 120 £ 21 420 £ 00
[ ] 5000 |27x10°| 73 + 03 1174+ 1.3 | 470 § 0.0
[ ] el Rl IR R b
[ ]
[ o ] RADIATION INDFX (3176 0 Gy/h ) . 55
R
S i
A | RESULTS OF OTHER TL5TS -
o o OXYGEN INDEX(150 4H89) 340 %
10 e sl i tand 10 CORROSMITY (DIN 57472) PASS
o 10 10 10

ABSORBED DOSE (Gy)
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

3

0 o VM — v 10 CERN MATERIAL No. 988
o 3
RA 1 £ H MATERIAL VAC—copolymer
L ] TYPE 2 Yi 066 RR, thermoplastic
X 4 SUPPLIER kabelmelal electro
L 4 REMARKS insul. flot ribbon cable
TEST RESULTS -
10 L _]d
i ] Dose Dose Tenslle properties Haordness
H 4 rale Strength Elangation Shore D
¥ 3 — O — 0 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
o b .
a e 0.000 - 1.8 + 0.3 66830 + 76 36.0 + 0.0
=T 1 0.200 | 3176.0 { 11.6 + 0.5 5370 + 125 380 + 00
. —O .| 0900 | 31760 | 9.3 £ 06 3710 £ 904 39.5 4 0.0
0@ _~W —{ 10" | 1000 | 31760 ] 10.1 £ D2 | 1340+ 65 | 41.0 +00
- ] 5.000 | 2.2x10°] 13.7 + 0.9 238 + 2.1 39.0 + 0.0 ]
: ] RADIATION INDEX (31760  Gy/h ) : 5.7
O R
A ¢ J
[ ¢ H 1 RESULTS OF OTHLR TLSTS -
o o OXYGEN INDEX(I50 4589) 310 %
W0 LA ] 410 CORROSMIY (DIN 57472) PASS
0. 10 o 10
ABSORBED DOSE (Cy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10 e I CERN MATERIAL No. 989
R JeH MATERIAL VAC ~copolymer
[ ] TYPE 2 XI 076, crosslinked
A E SUPPLIER kabelmetal eleciro
L 1 REMARKS insul. high temperature appl.
- e
TEST RESULTS :
10° 1
E ] Dose Dose | Tenslle properties Hardness
+ E rale w§07;3‘r;gih Elongation Shore D
L¢3 ] (MGy) | (Gy/H) R (MPa) E (%) H (Dagree)
- -+
8 pe 0.000 - 103 + 0.2 4580 + 57 37.0 £ 0.0
ST 1 0200 | 31760 [ 102 + 1.4 402.0 + 26.4 410 + 0.0
0500 | 31760 | 69 % 0.1 91.5 + 26.4 420 + 00
106 410" {1000 | 31760 | 75 + 02 565 + 6.3 450 + 0.0
L 5.000 |2.2x10°| 7.0 1 0.1 67 + 29 440 + 00
[ ] RADIATION INDEX (31760 Gy/h): 55
O R
S i
| H i RESULTS OF OTHER 1ESTS
" o OXYGEN INDEX(150 4589) 360 %
1L el bl 10 CORROSMITY (DIN 57472) PASS
o 1o 10

ABSORBED DOSE (Gy)
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VAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, (EC 544
3 3
10 ' S s 10 CERN MATERIAL No. 990
R r ] F MATL RIAL YAC -copolymer
ti ] TYPE © HM 180 RR, crosslinked
- 4 SUPPLIER kabelmelol electro
L R REMARKS . sheath
TEST RESULTS -
Tan 4
[ R Dose Dose ~_Tenslle propertles Hardness
3 1 rate Sirength Elangation Shore D
[ 7 (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
o | BN T ]
o ¢ ye 0.000 - 72 & D2 483.0 + 4.5 280 £ 00
>T 1 0200 [ 31760 | 6.6 4 0.6 3400 + 18.7 300 + 00
, 0.500 | 31760 | 54 1 0.6 2630 + 18.6 310 4 00
1
10 L w0 1.600 | 31760 | 56 + 0.1 615 % 49 330400
@ 5000 |2.2x10°| 11.4 + 0.1 138+ 1.4 53.0 + 0.0
[ ] RADIATION INDEX (31760  Gy/h ) : 57
O R
A E 1
¢ H RESULTS OF OTHIR TESTS -
o o OXYGEN INDEX(150 4589) 350 %
10 Lad ] a0 CORKOSMITY (DIN %/472) PASS
0. 10 10° 10
ABSORBED DOSE (Gy)
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VAMAC

Mat. Type Supplier Dose Dose  Tensile properties H Ol Rl
No. rate R E
{MGy) (Gy/h) (MPa) {%) {°D) (%)
674 1983 Du Pont de 0.0 - 12.3 131 33 27
Nemours 0.5 2x10% 136 82 41 5.8
via NK EB 1.0 2x 105 14.0 56 45
5.0 2x 105 16.7 18 64
805 ZFI3H 1p Du Pont de 0.0 - 6.4 278 27 43
Nemours 0.5 2% 105 7.8 116 33
via NK EB 1.0 2x 108 8.9 66 38
5.0 2x10% 12.4 16 59
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VAMAC

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10 ——rrrre - ey 10 CERN MATERIAL No. 674
R JE MATERIAL vamae
[ ] TYPE
2 E SUPPLIER Norsk Kabelfabrik £8
L 4 REMARKS (duPant de Nemours) (P)
QA TEST RESULTS
w0 L 1
r ] Dose Dose Tensile propertles Hardness
+ E rate Strengih Elongafion Shore D
<§ h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
8 N 0.000 - 123 + 01 1310 £+ 45 330 £ 00
-3 1 0500 | 1.7x10°[ 136 + 0.1 820 + 21 | 405 100
@ . 1.000 | 1.7x10 140 + 0.2 555 £ t1 450 + 0.0
10 T -4 10 5.000 1.7x105 16.7 + 0.7 180 + 2.7 635 £+ 0.0
i . RADIATION INDEX { 1 7x10% Gy/h ) : 5.8
PN J
L A E 4
| ] RESULTS OF OTHER TESTS :
® H OXYGEN INDEX{ISO 4589) 270 %
o o CORROSMVITY (DIN 57472) PASS
10 Loy L 2o a il " a2 21403110
77
0. 0 10° 10
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10" — . vy 10 CERN MATERIAL No. 80s
R 3 £ MATERIAL Vamac
]
4 TYPE ZF) 3K tp (grey)
4 SUPPLIER Norsk Kabelfabrik EB
B REMARKS {duPant de Nemours) (P)
TEST RESULYS ¢
L 1
[ h Dose Dose Tensilie properties Hardness
s E rale Strengih Elongation Shore D
[ b (MGy) | (Gy/H) R (MPa) £ (%) H (Degree)
O N e— -4
e Lo | 0.000 - | 64402 2780 £ 422 | 270 t 00
=7 T 0.500 1 7x|05 7.8 £ 01 1160 + 7.6 330 4 00
‘ _ 1.000 | v.7x10 89 £ 0.1 655 + 45 380 + 00
w0 L ///e—/e// {10 | 5000 |1 7x10%) 124 £ 12 163+ 43 | 590100
C_) : RADIATION INDEX {1 7x10° Gy/h ) < 5.7
| o R 4
A 1 . -
X | KRESUL s OF OTHER TESTS ¢
& H OXYCGEN (NDI X(ISO 4589) 427 %
y CORIOIVITY (DIN 57472) PASS
10 ,174 " NI | s 1l 10
g 10 10° 10’

ABSORILD DOSE (Gy)
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XLPE
chemically or radiation cross-linked polyethylene.
For general characteristics, see Tables 1 and 2.
See also in 1st edition (Ref. [16]).
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XLPE

Mat. Type Supplier Dose Dose  Tensile properties H Ol Rl
No. rate R E
(MGy) (Gy/h) (MPa) (%) (°D) (%)
455 909 Silec 0.0 - 15.9 239 50 -
Insulation 1.0 2x10% 25.3 104 55
2.0 2x108% 22.2 48 55
558 HFDS 4201 Pirelli 0.0 - 22.0 547 40 19
Insulation 0.5 2x 108 15.2 296 42 5.7
1.0 2 x 108 11.5 171 43
5.0 2% 105 10.9 30 44
576 insulation Gorse 0.0 - 16.0 461 44 21
0.5 2x10°% 16.0 310 46 5.8
1.0 2x108% 11.1 139 44
5.0 2x 105 11.6 127 50
577 Semi- Gorse 0.0 - 18.5 214 50 20
conducting 0.5 2x10° 20.3 118 53 5.8
1.0 2x 105 18.2 85 51
5.0 2x10°% 15.0 20 57
714 LD EC-41 Metallurgica 0.0 - 10.7 219 45 18
Bresciana 0.5 2x10° 11.4 136 45 5.8
1.0 2x105 12.2 71 46
5.0 2x105 11.0 11 48
715 MD EC-MD Metallurgica 0.0 - 14.1 243 52 19
Bresciana 0.5 2x 105 15.3 150 52 5.8
1.0 2x105 15.7 78 63
5.0 2x10°% 17.3 15 56
759 Sheath for Fulgor Cavi 0.0 - 9.6 142 42 28
LEP 20kV 0.5 2x 105 11.8 104 43 6.0
cables 1.0 2x10% 1.1 84 42
5.0 2x105 11.7 13 b5
0.2 100 11.0 114 42 5.5
0.5 100 9.0 53 43
769 Rheyhalon AEG-Kabel 0.0 - 13.9 307 40 -
Insulation 0.5 2x10° 15.7 239 41 5.9
1.0 2x105 11.8 101 42
0.2 100 13.6 260 46 5.4
0.5 100 10.6 30 50
780 4201 Silec 0.0 - 23.3 530 43 17
Insulation 0.5 2x10° 20.9 363 45 5.8
HT 1.0 2x10°% 13.7 194 44
5.0 2x 105 9.2 12 47
781 951 Semi- Silec 0.0 - 9.3 294 33 24
conducting 0.5 2x10% 10.0 177 34 5.8
1.0 2x10% 10.0 126 34
5.0 2x 108 10.1 34 40
782 931 Silec 0.0 - 15.5 341 50 17
Insulation 0.5 2x10° 16.3 236 53 5.8
1.0 2x 105 15.3 a5 54
5.0 2x 105 15.9 10 57
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XLPE

Mat. Type Supplier Dose Dose Tensile properties H Ol RI
No. rate R E
(MGy) (Gy/h) (MPa) {%) (°D) (%)
798 Silythene Silec 0.0 - 13.6 540 46 -
Insulation 0.01 1x10% 13.4 527 47 5.6
SPS HT cable 0.1 1x10% 14.2 497 48
0.5 1x10% 11.6 237 48
1.0 1x108 12.3 85 49
0.01 1000 12.6 489 49 - 5.2
0.1 1000 14.0 486 50
0.5 4000 12.7 63 50
1.0 4000 11.6 40 51
life tests 0.01 0.4 12.8 549 47 - >5
0.1 3.6 12.5 372 47
856 Polydan Padanaplast 0.0 - 18.4 342 54 19
G2 EC-MD 0.5 2x10° 19.6 174 55 5.7
Insulation 1.0 2x10% 18.8 64 58
5.0 2x105 18.2 7 59
906 Rheyhalon AEG-Kabel 0.0 - 17.1 302 44 -
Insulation 0.2 2x10° 19.5 271 45 5.9
0.5 2x10% 18.1 198 48
1.0 2x 108 15.3 111 50
0.2 4000 16.9 261 47 5.8
0.5 4000 13.8 159 48
1.0 4000 1.1 655 50
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

LS — — et CERN MATERIAL No. 455
[ "
Rt 1F MATERIAL XLPE
[ ] TYPE 909 — Insulation
L . SUPPLIFR SILEC
- 4 REMARKS (P)
Fo\
TEST RESULTS :
w0 L i
i ] Dose Dose Tensile properties Hardness
3 E rale Strengih Elongation Shore D
I 1 (MGy) | {(Gy/H) R (MPg) E (%) H (Degree)
o[ ) T
/—9\@ yo | 0000 - 1159 4 05| 2392+ 143 | 500 4 0.0
>c’; T 1.000 | 2.0x10°} 253 4 1.3 1036 £ 6.5 55.0 £ 0.0
, 2.000 2.0x10°| 22.2 + 08 476 + 22 | 550 £ 00
10 | 1
i ] RADIATION INDEX ( 2.0x10° Gy/h ) < 6.0
- 4
O R 7
A £ . RESULTS OF OTHER TLSTS :
| ] OXYGEN INDEX(150 4583) NOT MEASURED
o H CORROSIVITY (DIN 57472) PASS
0 (v}
10° Led NI | N BT
0. 10° Yol 107
ABSORBLD DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
0 ——rrrrr g 10 CERN MATERIAL No. 558
R£ 1e MATE RIAL XLPE
] TYPE HFDS 4201
. SUPPLIER Pirelli
E REMARKS Insulation (P)
TEST RESULTS :
WL e
[ ] Dose Cose Tenslle propertles Hardness
I "~ . - E rate Strength Elongation Shore D
4 v ™ h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ot .
o g yo | 0000 - 220 £ 1.0 | 5470+ 95 | 400 + 0.0
= T 0.500 | 2.0x10° 152 + 20| 2960 + 224 | 420 100
‘ , | 1000 2.0x10°| 115 £ 09 | 171.0 £ 168 | 425400
0L ——  _}10 | 5000 }20x10°} 109 £ 1.2 304 + 104 | 435 100
i 1 RADIATION INDEX ( 2 0x10° Gy/h ) : 5.7
[ O R b
- )
i | RCSULTS OF OTHER TESTS :
& H OXYGEN INDEX(1SO 4589) 190 %
o o CORROSMITY (DIN 57472) PASS
10 A " s s saaal " s a1 10
77
a. 10 1d° 0

ABSORBED DOSE (Gy)
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10— S : v 10 CERN MATERIAL No. 576
R iF MATE RIAL XLPE
; ] TPt Insulation
A. g SUPPLIER Gorse
L . REMARKS )
o e
TEST RESULTS
2 —& 2
10 |- —{ 10
[ ] Dose Dose __“‘T:nslle properties Hardness
<é ________H/,_Me E rafe Sirength Elongation Shore D
h (MGy) | (Gy/H) R (MPa) E (%) H (Degrees)
ot 1 [
o »e 0.000 - . 16.0 + 0.5 461.0 £ 2.2 440 + 00
EE; ] 0.500 | 2.5x10 150 £ t.4 3100 £ 18.7 46.0 + 0.0
% , | 1000 25x10%[ 111 + 08 139.0 £ 315 440 + 0.0
1
10 | - 10 5.000 2.5)(10b 116 + 09 1270 £ 9. $0.0 + 0.0
[ 3
- 1 RADIATION INDEX ( 2.5x10° Gy/h ) : 5.8
| ® R 4
- A R
| i RESULTS OF OTHER TESTS :
e H OXYGEN INDEX(ISC 4589) 210 %
o o CORROSIVITY (DIN 57472) PASS
10 LA " 4 aaagd " 2 oaoa i 10
77
0. 10° 10° 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
3 3
10 I . —r—r—rT Ty . SE— 1 CERN MATERIAL No. 577
r -+
RF e MATERIAL XLPE
! : TYPE Semiconductor
- 4 SUPPLIER Gorse
i REMARKS P)
TEST RESULTS
0 L 1
[ b Dose Dose Tensile properties Hardness
R::3 g rate Slrength Elongation Shore D
I 1 (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
3 p . | ]
3 re | 0000 - |15 £05| 2140119 | 500100
>4 “/_9\%\ 1 0500 {2.5x10 | 203 + 1.8 1180 + 10.4 53.0 4+ 0.0
@ 1.000 2.5)(1[)5 182 + 4.0 850 + 21.2 505 + Q0
10 L _J10'" | 5000 {25x10% 150 ¢ 15 200+ 00 | 575 +00
- ] RADIATION INDEX ( 2.5x10° Gy/h ) : 5.8
T O R ]
st RESULTS OF OTHER TESTS
o H OXYGEN INDEX(ISO 4589) 204 %
° CORROSMITY (DIN 57472) PASS
0
10 A N a2 aaaal P we L)
77
0 10’ 10° 10’

ABSORBED DOSE (Gy)
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10" : ———rrr R T CERN MATERIAL No. 714
R F JE MATERIAL XLPE
; ] TYPE Low Density EC—41
3 g SUPPLIER Metailurgica Bresciana
13 . REMARKS )
¥ Y |
| TEST RESULTS
10 | i
: ] Dose Dose Tenslle properties Hardness
~ R rate treng ongation hore
$ & & > 1 S th El ti S| D
h (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ol T
o re 0.000 T, 10.7 £ 1.4 219.0 £ 55.9 450 £ 0.0
=7 1 0500 | 1.7x10 | 11.4 + 0.3 1355 £+ 20.2 450 £ 0.0
.l | 1000 L 17x10°1 122 £ 02 710+ 22 455 + 0.0
0@ —{10' | 5000 |1.7x10°| 11.0 £ 0.3 1.0+ 14 | 475400
1 RADIATION INDEX { 1.7x10° Gy/h): 58
L o R 4
A E 1
] RESULTS OF OTHER TESTS :
¢ H OXYGEN INDEX(ISO 4589) 180 %
o o CORROSIVITY (DIN 57472) PASS
10 2 A A Lo aaaal i a0 22010
77
o 10 10 10’

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF {ONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10° ; S — et 10° CERN MATERIAL No. 715
R ie MATERIAL XLPE
] TYPE Mid Density EC~MD
E SUPPLIER Metotlurgico Brescliana
. REMARKS ®)
TEST RESULTS :
10 L 1
[ b Dose Dose Tenslle propertles Hardness
¢ ——  ——o—¢ E rate Strenglh Elongation Shore D
i h (MGy) | (6y/H) R (MPa) E (%) H (Dagree)
T po | 0000 - | 141 £04] 2430 % 434 | 515400
=71 g 1 0.500 | 1.7x10° [ 153 + 0.4 150.0 + 6.4 51.5 1 0.0
i} , | 1000 1.7x10°] 157 £ 0.3 775 + 6.1 530 + 0.0
10 L _J 10" | s000 | 1.7x10°%] 173 £ 0.2 150+ 18 | 555 % 0.0
i : RADIATION INDEX ( 1.7x10° Gy/h ) : 5.8
- .
[ A €
| ] RESULTS OF OTHCR TESTS :
© H OXYGEN INDEX(IS0 4589) 186 %
o ° CORROSMITY (DIN 57472) PASS
10 /,A a M | A IS Erewe I 1)
0. 10 10° 10’

ABSORBED DOSE (Gy)
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

e : S — et 107 CERN MATERIAL No. 759
3 ——— SHORT-TERM ]
Rt IS B 3 MATT RIAL XLPE
L ] TYPE charged (biack)
- ~ SUPPIER Nuova Fulgor Cavi
- g REMARKS Sheath for 20 kV cable (LEP) (P}
TEST RESULTS
, — i Dose Dose o T§n§ile properties [ Har&;;:ss
10 — l()2 rate Strength Elongation Shore D
: E (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
i 1 0.000 - 96 + 02| 1424 £ 54 | 420 + 00
: 1 0.500 |1 7x10: 1.9 £ 05| 1036+ 17 | 430400
of 1 1000} 1.7x107H 1.1 £ 0.3 840+ 28 20 £00
% | 1pe 5.000 |17x10°| 11.7 + 06 132+ 18 | 550+ 0.0
, , | 0.000 - 96 + 0.2 1424 + 54 | 42.0 + 00
10 — 10 | 0.200 1000 | 110 + 0.2 1140 £ 45 416 +04
r ] 0.500 | 1000 | 90 + 0.4 528 £+ 9.0 | 426 107
L o R 1 RADIATION INDEX ( 1.7x10° Gy/h ) - 6.0
F A ¢ ] RADIATION INDEX ( 1000 Gy/h ) : 55
" 1 ' RESULIS OF OTHER TFSTS
T P X OXYCGEN INDEX(1SO 4580) 280 %
0. 10 10 10 CORRONMVITY (DIN 5/472) PASS
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
g S gy 10 CERN MATERIAL No. 769
R F ——— SHORT-TERM J - MATERIAL XLPE
L . .— LONG-TERM ] )
| i TYPE Rheyhalon
X - SUPPLIER AEG-Kabe!
# - E REMARKS Coloured cable insulations (C)
! TEST RESULTS :
Doso Dose ) Tensile properties Hardness
1()2 - - 102 rate Strength Elongation Shore D
[ ] {(MGy) | (Cy/H) R (MPa) E (%) H (Degrase)
[ ] 0.000 - 139 + 1.6 ] 3069 + 37.1 400 + Q.0
- . 0500 | 19%x10°] 157 £ 201 2393 + 190 | 411 + 15
ot : 1.000 |1.9%10°] 118 + 08| 1009 4 109 | 415 + 09
wo| Ire - -
> 0.000 - 139 £ 1.6 | 3069 + 37 400 % 0.0
I@ =T , | 0200 700 | 135 + 1.2 | 2600 + 126 | 460 4 00
10 L \Q — 0 | a500 700 | 106 1 1.3 304 + 7.1 500 4 0.0
[ 3 RADIATION INDUX ( 1.9x10° Gy/h ) : 59
SN ] RADIATION INDEX (/00  Gy/h ) : 5.4
o A b
I E
RESULTS OF QTHER TESTS -
o \ o OXYGEN INDFX(150 4584) NOT MLASURFD
10 LA I —— et 10 CORROSIMITY (DIN 57472) PASS
0. 10 1 107

ABSORBED DOSE (Gy)
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
10’ , — N Vo CERN MATERIAL No. 780
e 1¢ MATERIAL  ©  XLPE
e ] TYPE : 4201 ~ HT insulation
L T 1 SUPPLIER  : SILEC
- 1 REMARKS = (P)
TLST RESULTS -
2 2
10° L o
- 4
o ] S
X ] Dose Dose Tensile properties Hardness
<— o & - — & E rale Slrength Elongation Shore D
4 ] (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
o[ h S I o e
o —— yo | 0000 - 233 + 20| 5304 £ 20.1 430 4 00
i 1 0500 | 1.8x10°| 209 1 2.4 | 363.0 + 161 450 + 0.0
‘ A 1.000 | 18x10°} 137 £ 10 1936 + 25.1 440 £ 00
10 3 —® 10' | 5.000 18x10°] 92 + 02 120 £ 00 | 470 100
i : RADIATION INDEX ( 1.8x30° Gy/h ) : 5.8
L o r 4
T A € ) o -
| ] RESULTS OF OIHFR TESTS :
o OXYGEN INDEX(ISU 4589) : 17.3 %
o o CORROSMITY (DIN 57472) :  PASS
10 LA NI | M BT
77
0. 10° 1 10’
ABSORBED DOSE (GCy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, 1EC 544
3 3
L S—— — ey 10 CERN MATERIAL No.  : 781
B4 s 3 |- MATE RIAL : Saemi-conductor compound
! 1 TYPE 951
. 1 SUPPLIER SILEC
A ] REMARKS ®)
TEST RESULTS ¢
? 2
w 10
[ ] maose 5§se 7 Tenslie properties Hardness
- 4 rale Strength Elongation Shore D
é N X 1 (MGy) | (Gy/H) | R (MPa) £ (%) H (Degree)
— O i A ARG S R
a po | 0000 = | 93 +02| 2940 £ 106 | 330400
> T 1 4,500 | 1.8x10°| 10.0 + 0.1 1768 + 66 | 340 1 00
1.000 | 18x10"| 100 + 0.4 125.6 + 10.0 | 34.0 t 0.0
1 1 b
lnq; —— - ® ———— @ {0 | 5000 | 182107} 101 + 03 344 £ 26 400 4 0.0 |
- 1 RADIATION INDEX ( 1 8x10° Gy/h ) @ 58
L o R :
SN 3 - o
i ] RESULTS OF OTHER TESTS -
° M OXYGEN INDEX(I50 1989) @ 235 %
o o CORROSIVITY (DIN 57472) @ PASS
10° Lo PO AR T
7
0o 10 10° 10’
ABSORBED DOSE (Cy)
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

10— SN ety 10 CERN MATERIAL No. 782
R 1r MATERIAL XLPE
L ] TYPE 931 — Insulation
L - SUPPLIER SILEC
& 1 REMARKS XL with Silane (P)
TEST RESULTS
10 L i
[ ] Dose Dose Tenslle properties Hardness
@ g rale Sirength Elongation Shore D
i b (MGy) | (Gy/H) R (MPa) E (%) H (Degree)
ot ]
a e | 0:000 - | 185+ 14} 3410+ 89 | 500 £0.0
>C5 § 0500 | 1.8x10 | 163 £ 2.2 | 2360 + 548 | 53.0 £ 0.0
' , | 1000 [1.8x107} 153 + 02 952 + 7.2 | 540 0.0
10 L —]10' | 5000 | 1.8x10%| 159 + o1 104+ 09 | 570 +£0.0
1 1 RADIATION INDEX ( 1.8x10° Gy/h ) : 58
5 1
. ]
SN ]
i RESULTS OF OTHER TESTS :
° OXYGEN INDEX(ISO 4589) 174 %
o R CORROSIVITY (DIN 57472) PASS
10 s A P ) " o 4 op 100110
77
0. 10° 10 10’
ABSORBED DOSE (Gy)
DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544
100 ST CERN MATERIAL No. 798
b q
[ 5 4
R —12x10" Gy {E MATERIAL XLPE Silythene
h —== 2000. Gy/h ] TYPE interncl insulation
s . SUPPLIER SILEC
36  Gy/h
y/h | REMARKS from HT 1x240 Alu/PE cable
TEST RESULTS :
Dose Dose Yensile properties Hardness
—] 102 rate Strength Elongation Shore D
] (MGy) | (Gy/H) | R (MPa) £ (%) H (Degres)
] 0.000 - 136 £ 05| 5400 + 354 | 462 410
. 0010 [12.10°] 134 + 03| 85270 + 222 | 475 + 00
. 0100 | 12x10°| 142 4+ 1.2 | 4970 + 476 | 475 £+ 00
dye 10500 |12x10° 115 15| 237.0 £ 239 | 480 00
1000 [1.2x10°| 12.3 £ 0.3 850 + 158 | 490 £ 00
110" | 0000 - 136 + 05| 5400 + 354 | 462 1 1.0
] 0010 | 10000 | 126 + 03 | 489.0 + 29.2 495 4 00
] 0.100 | 1000.0 | 14.0 + 05 | 4860 % 467 | 500 4+ 00
1 0.500 | 39700 | 12.7 + 02 630 + 192 00 100
[ U] i 1.000 | 42500 {116 + 0.2 40.0 + 6.1 50.5 + 0.0
- . 4 -
L ] 0.000 - 136 + 0.5 | 5400 + 354 462 1 1.0
0.010 04 128 + 1.0 | 5492 4 60.2 469 £ 07
0 o | 0100 36 |15 + 16| 3722 + 438 | 474 £ 08
10 Led U ot agad 10 _ ]
77
o. 10" 10° 10’

ABSORBLD DOSE (Gy)

RADIATION INDEX ( 1.2x10° Gy/h ) : 56

RADIATION INDL X (2485.0
RADIATION INDEX { 3.6

Cy/h): 52
Gy/h) > 50
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XLPE

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

[p— T Ty 10 CERN MATERIAL No. @ 856
R L ie MATERIAL  :  XLPE
s i TYPE : Polydan PE/G2 natural EC-MD
3 L SUPPLIER  : Padunaplast
E REMARKS  :  Insulation (P)
TEST RETULTS
110
p S e
] Dose Dose Tensile properties Hardness
1 rate Strength Elongation Shore D
1 (MGy) | (Gy/H) | R (MPo) £ (%) H (Degree)
] L ]
o 0.000 . 184 + 0.7 3420 + 186 54.0 £ 0.0
] 0.500 1.7)(105 196 + 0.9 1744 + 134 55.0 + 0.0
. 1.000 | 1.7x10° | 188 + 0.7 644 £ 120 575 £ Q0
—q 10 5.000 lA7)(1O5 18.2 £ 0.7 68 £ 11 59.0 + 0.0
] s
: RADIATION (NDEX { 1.7x10° Gy/h ) : 57
L o R 1
oA € ’ ] ‘
s j RESULTS OF OTHER TESTS ¢
° OXYGEN INDEX{(1S0 458Y9) : 19.0 %
R 0 CORROSIVITY (DIN 57472) @ PASS
10 1 SR | TS R 1))
77
o o 10° 10’

ABSORBED DOSE (Gy)

DETERMINATION OF EFFECTS OF IONIZING RADIATION ON INSULATING MATERIALS, IEC 544

0 ——rrrrr — v 10 CERN MATERIAL No. : 906
R} — e i MATERIAL  : XLPE
I ] TYPE ¢ Rheyhalon
5 ! SUPPLIER : AEG-Kabel
“ E REMARKS . Cable insulotion
! -~ ) TEST RESULTS -
Dose Dose Tenslle properties Hardness
10z - —] 102 rate Strength Elongation Shore D
F ] (MGy) | (Gy/H) R {MPa) E (%) H (Degree)
- E
A . 0.000 - 171 + 1.2 | 3020 + 208 | 440 100
- . 0200 |25x10°] 195 £+ 1.2 | 271.0 £ 188 | 450 £+ 00
ol . 0.500 2.5x10: 18.1 + 0.4 198.0 + 148 | 480 £00
%% 1pe 1.000 {25x10°1 153 £ 2.3 1110 £ 16.7 | 500 £ 00
L’m . | o000 - 171 £ 1.2 | 3020 + 208 | 440 1 0.0
10 — 10 | 0.200 | 40000 | 16,9 + 2.4 | 2610 + 338 | 470 £ 00
[ b 0.500 | 4000.0 | 138 + 1.7 158.5 + 333 | 480 % 0.0
I 1 1.000 | 4006.0 | 11.1 £ 0.3 545 + 37 | 5004 0.0
F ® R X R
L q RADIATION INDEX ( 2.5%x10° Gy/h ) 59
a t RADIATION INDEX (4000.0 Gy/h ) : 58
O o
107 LA il ] 10 RESULTS OF OTHER TESTS -
0. 10 10° 107 OXYGEN INDEX(ISO 4589) :  NOT MEASURED
. . S 7472 PA
ABSORBED DOSE ((7y) CORROSIMITY (DIN 57477) SS
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Appendix 4:

LIST OF SUPPLIERS OF BASE MATERIALS (M)} AND CABLES (C)
(Trade names are in italics)

Suppliers (M/C) Materials

Acome C Acorad, polyolefins
14, rue de Marignan
F-75008 Paris

AEG Kabel C Polyolefins, Rheyhalon, rubbers, XLPE
Postfach 200141
D-4050 Mdnchengladbach

Bical C EVA
69, bd de la Wolume
B-1200 Bruxelles

BICC Cables C EPDM, EVA, polyolefins
GB-Helsby-Warrington WA60DJ

BP Chemicals M EEA, EVA, PE, polyolefins, thermoplastics
11, rue de Veyrot

BP 149

CH-1217 Meyrin 2

Cabeltel-Filotex C EVA, polyolefins
BP 1
F-91211 Draveil CEDEX

Cables de Lyon Cc EPDM, EPR, EVA, PE
BP 7153
F-69344 Lyon CEDEX 07

Cablexport C EPR, polyolefins, Toxfree
P.O. Box 10096
1-20100 Milano

CEAT Cavi C EPR, polyolefins, Toxfree
CP 498
1-10100 Torino

Cossonay Céableries C EPR
CH-1305 Cossonay-Gare

Datwyler C EAR, EPDM, EPR, EVA, polyolefins
CH-6460 Ahtdorf

Elastogran - EPE M Elastollan, PUR
Postfach 1107
D-2844 Lemforde

Fulgor Cavi C EEA, EPR, EVA, XLPE
18, via del Crocefisso
1-04100 Latina



Gorse

96 bd Général Leclerc

BP 704

F-92007 Nanterre CEDEX

Huber & Suhner
CH-8330 Pfaffikon

kabelmetal electro
Postfach 260
D-3000 Hannover 1

Lindsay & Williams
Columbine Street
GB-Manchester M11 2LH

Lynenwerk
Postfach 1240
D-5180 Eschweiler

Metallurgica Bresciana
3, via Brognolo
1-25050 Passirano

Neste Chemicals
S-444 86 Stenungsund

NKT Telecom Cables
95, Broendbystervej
DK-2605 Broendby

Norsk Kabel EB
Postbocks 369
N-3001 Drammen

Padanaplast
Via Paganina
1-43010 Roccabianca

Pirelli SPA
Viale Sacra 202
1-20100 Milano

Rogue
Carretera Rusinol 63
E-08560 Manlieu

Silec
BP 6
F-77871 Montereau CEDEX

STC Telecommunications
Wednesbury Street
Newport

UK-Gwent NP9 OWS

Studer Kabel
CH-4658 Daniken

216

M+C

EPDM, EPR, EVA, semiconducting PE, SIR,
XLPE

EPDM, PE, polyolefins, PUR, Radox

EPR, PE, VAC

Megolon

EPR, EVA

EPR, polyolefins, PUR, XLPE

PE, polyolefins

EPDM, EVA, PE, Silanpex, Sioplas

Cogegum, EVA, PE, polyolefins, Vamac

Cogegum, XLPE

Afumex, EPR, EVA, polyolefins, XLPE

EPR, EVA

EPR, PE, polyolefins, semiconducting PE,

Silythene, XLPE

EVA, Sioplas

EPDM, EPR, PE



Gy

Gy/h

6]l

Pa

RI

S3

DIN
IEC

ISO

Appendix 5:

ABBREVIATIONS USED IN THE TABLES OF RESULTS

indicates that the tested material was taken from real cable
elongation at break

gray (dose unit)

gray per hour (dose rate)

hardness

oxygen index

indicates that the tested material was taken from moulded plaques
pascal

tensile strength

radiation index

indicates that the tested materia! was received in the form of S3

dumb-bell samples

Deutsche Industrie Normen
International Electrotechnical Commission

International Standards Organization
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