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The research of the distribution of the absorbed dose along the perimeter and length of the polymer protective
sheath on the basis of a halogen-free composition depending on the technological dose of radiation exposure of
shipboard cable samples was performed. It has been established that irregularity of irradiation around the cable
perimeter can reach 20...30% with a technological dose in the range of 1.25...0. 5. The irradiation along the cable is
more uniform and does not exceed 5% at a technological dose in the range of 1.25...0.567. With a reduction in the
technological dose, the irregularity of radiation around the perimeter and length of the cable increases. It is
established that with an average absorbed dose of 210 kGy, the protective polymer shell does not meet the
requirements of the standard for relative elongation at break. Optimal and physical-mechanical characteristics of the
polymer shell made of halogen-free material are provided under irradiation in the range of the absorbed dose of 160

to 170 kGy.

INTRODUCTION

The process of radiation processing of polymer
insulation of cable products requires the use of
expensive equipment. Due to the high molecular weight
of the polymer, even relatively small doses can cause a
significant change in its properties [1-3]. For high-
quality and effective irradiation, it is necessary to ensure
the efficiency of using the energy of electrons and the
current of the electron beam, the uniformity of the
absorbed dose over the depth of the material and the
azimuth of the product [4-7].

The quantitative characteristic of the process of
curing polymer insulation is the degree of crosslinking.
The degree of crosslinking is characterized by such
parameters as the mass fraction of the undissolved
substance (index of gel fraction) and the number of
segments of the polymer chains between the grid nodes
per unit volume [7]. With an increase in the degree of
crosslinking of the polymer, there is a natural increase
in both the indicator of the gel fraction and the number
of chain segments between the grid nodes per unit
volume. The degree of crosslinking and, as a result, the
quality of the finished product, is determined by the
time the cable product is in the irradiation zone, i.e.
dose rate.

To determine the optimal mode of radiation
modification, irradiation is carried out on a linear
electron accelerator when the current strength (1) and
cable speed drawing (v) [1]. The absorbed dose of
radiation exposure, i.e., the technological dose of
radiation, is represented as I/v ratio. The inverse of the
technological dose of radiation is the coefficient of
radiation K [8, 9].

The efficiency of irradiation of cable polymer
insulation is provided by four-sided irradiation systems
based on ELV-type accelerators [10]. The control
systems of the accelerator and the line of transportation
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of wires (cables) through the irradiation zone are
combined, which allows electron-beam processing of
wires and cable blanks in a fully automated mode [11].

Four-sided irradiation provides a much greater
uniformity of the gel fraction (degree of crosslinking)
by sectors of the insulation section of the cable product
in comparison with the two-sided. Depending on the
type of irradiated products, this value varies from 20%
to 2 times, that is, with a fixed beam current, the
processing speed can be increased, or the beam current
(accelerator power) can be reduced if the processing
speed reaches a maximum value [6].

Currently, preference is given to cable products with
improved thermal and fire-resistant characteristics [12,
13]. For ship cables the requirements for electrical and
mechanical characteristics, resistance to external
aggressive media, reliability and fire safety [14, 15] are
being tightened. The protective polymer sheath of such
cables should provide the appropriate mechanical
characteristics (tensile strength and compression,
cracking, flexibility), the ability to resist ignition (non-
combustibility), non-propagation of fire; performance at
elevated temperatures; non-release of hazardous and
corrosive decomposition products when the cable burns;
the minimum amount of smoke at ignition; resistance to
aggressive media (moisture containing salt, oil and oil
products). To provide a set of requirements for the
polymer protective sheath of ship cables, radiation-
crosslink cable halogen-free compositions are used [8,
9, 13].

The purpose of the article is to investigate of the
uniform distribution of the absorbed dose along the
perimeter and length of the polymer protective sheath on
the basis of a halogen-free flame-retarding composition
depending on the technological dose of irradiation of
shipboard cable samples.



TEST SAMPLES AND PARAMETERS
OF RADIATION IRRADIATION

Samples of the ship's cable with a sheath of non-
combustible halogen-free polymer composition with a
length of 20 m each. Outer cable diameter is 23.5 mm;
cable sheath thickness — 1.8...2.0 mm.

For each cable sample, 2-3 standard samples (SS) of
the absorbed dose of the electronic radiation are
attached to the sheath around the perimeter (Fig. 1).
Standard samples are polymer films of single use with
phenazine dye size 10x35 mm, packed in paper,
laminated with polyethylene. Standard dosimeter
samples (SDS), without disturbing the tightness of the
package, were also attached at a distance of 5, 10, and
15 m from the edge of the cable sample. For each of the
three films contained in SS, three measurements of the
optical density (A) were carried out on a DP-1m
densitometer. The reserch were performed at a
wavelength of 530 nm. The average of 9 values (3
measurements on each of the 3 films) was determined,
and then the absorbed dose of electron radiation was

determined D =71,46- A"®  kGy .

The film in its original state has a yellowish-orange
color (Fig. 2,a). With an increase in the irradiation dose
to 180 kGy, the film acquires a maroon color (see Fig.
2,¢). In Fig. 2,b shows a film irradiated with a dose of
6 kGy (color — red).

Fig. 1. Fragment of the arrangement of standard
samples of the absorbed dose of electron radiation on
the surface of the protective polymer jacket of the cable
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Fig. 2. Dynamics of change in the color of the film
during irradiation

a

Radiation irradiation of the cable samples was
performed at the ELV-2 electron accelerator. The
irradiation was carried out on one side (top), but the
cable charging system was made so that the cable
scrolls in the process of passing: when passing, the
cable turns to the other end of the outlet side. This is, in
fact, 4-sided irradiation, but without side magnets on the
outlet socket.

The parameters of radiation exposure: the current of
the electron beam — | = 10 mA; electron energy —

1.2 MeV; the number of cable passes under the electron
beam — 18; the cable pulling speed v varied in the range
from 8 to 30 m/min: 8, 10, 15, 20, and 30 m/min. The
technological radiation dose at a given pumping current
and drawing speed is 1.25; 1,00; 0.67; 0.50, and 0.33
(the radiation coefficient K, respectively, are 0.8; 1.0;
1.5; 2.0; 3.0).

DISTRIBUTION OF ABSORBED DOSE BY
THE PERIMETER AND THE CABLE
SAMPLES LENGTH

In Figs. 3 and 4 shows the distribution of the
absorbed dose around the perimeter of cable samples
depending on the distance of installation of standard
dosimeter sensors along the cable length at different
values of the technological irradiation dose (drawing
speed at a constant pump current).
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Fig. 3. The distribution of the absorbed dose around the
perimeter of cable samples depending on the
installation distance of standard dosimeter sensors
along the cable length and the technological dose of
radiation
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Fig. 4. 3D Diagram of the dependence of the average
absorbed dose of cable samples on the installation
distance of standard dosimeter sensors along the cable
length and the technological dose of radiation

The scatter of the values of the absorbed dose over
the cable perimeter is significant: 28% for samples
irradiated with a technological dose of 1.0; 0.5, and up
to 76% at a technological dose of 0.33 (see Fig. 3). The



most uniform irradiation around the cable perimeter is
fixed on the central parts of the samples.

For samples irradiated with a technological dose of
1.25 and 0.67, the deviation of the average absorbed
dose along the cable perimeter does not exceed 20%
(see Fig. 3).

The deviation of the average absorbed dose between
CO, placed along the length of the sample, does not
exceed 5% for samples with a technological dose of
1.25; 1.0, and 0.67 (Fig. 4). With a decrease in the
technological dose of irradiation, the irregularity of
irradiation along the length of the sample increases.
With 18 passes of ship cable samples with an outer
diameter of 23.5 mm under the electron beam at the
ELV-2 accelerator, the average absorbed doses are:

210, 160, 130, 95, and 65 kGy with a technological dose
of radiation 1.25; 1.00; 0.67; 0.50, and 0.33,
respectively (Fig. 5).
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Fig. 5. Correlation between technological and average
absorbed dose of cable samples
The Pearson pair-correlation coefficient between the
process and absorbed dose is 0, 9945.

INFLUENCE OF ABSORBED DOSE ON
PHYSICAL AND MECHANICAL
CHARACTERISTICS OF POLYMER
PROTECTIVE SHEATH

Research tests have been performed to determine the
effect of the absorbed dose of electron radiation on the
physical-mechanical characteristics of cable samples
with a sheath of halogen-free composition.

For testing, samples of the shell with a length of 1 m
were selected from the same section of the cable where
the standard samples were attached.

From the sheath of each sample cable lengthwise,
along the length, prepared by 4 strips. For each strip are
determined: tensile strength, elongation at break and
thermal deformation at a temperature of 200 °C and a
load of 20 N/cm? for 15 min at baseline, after irradiation
(Figs. 6, 7) and after heat aging at 120 °C for 168 h;
after soaking in industrial oil at 100 °C for 24 h (Fig. 8).

According to the test results, it was established that
at a technological dose of 1.25, corresponding to an
average absorbed dose of 210 kGy, the protective
polymer shell does not meet the requirements for
relative elongation at break: the shell is overexposed
(see Fig. 6).

With an absorbed dose of 65 kGy, half of the
samples do not pass the heat distortion test (see Fig. 7:
marked by a larger diameter point on the axis of the
average absorbed dose). Requirements for resistance to

thermal deformation of the cable sheath is provided with
a technological dose in the range of 0.5...1.25.
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Fig. 6. The effect of the average absorbed dose on the
mechanical tensile strength and elongation at break of
the polymer protective sheath during radiation exposure
of cable samples
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Fig. 7. Resistance to heat distortion (4er) under load

and residual strain (4e,) after removal of the load of
samples depending on the average absorbed dose

Fig. 8. The effect of the average value of the absorbed
dose on the deviation of tensile strength (04e) and
relative elongation (da) after holding the samples in oil

The effect of the average value of the absorbed dose
for 4 strips of each cable sample on the physical-
mechanical characteristics after exposure to oil at a
temperature of 100 °C for 24 h is shown in Fig. 8.
Optimal oil resistance characteristics are achieved after
irradiation with an absorbed dose of 160...170 kGy.
With such an absorbed dose, the deviation of the tensile



strength, elongation and thermal deformation relative to
the initial values are within acceptable limits.

CONCLUSIONS

Performed studies of the distribution of the absorbed
dose using standard samples of electron radiation
indicate irregularity of radiation around the cable
perimeter, which is up to 20...30% with a technological
dose in the range of 1.25...0.5.

The irradiation along the cable is more uniform: the
deviation of the average absorbed dose between
standard specimens placed along the length of the
sample does not exceed 5% at a technological dose in
the range of 1.25...0.567.

With a decrease in the technological dose
(irradiation coefficient), the irregularity of irradiation
around the perimeter and length of the cable increases.

The stability of oil resistance results directly
depends on the uniform irradiation of the sheath. With
uniform irradiation with a dose of 157...160 kGy,
consistently high oil resistance results were obtained.
With the heterogeneity of the absorbed dose along the
cable perimeter, there is a variation in oil resistance.

Optimal and physical-mechanical characteristics of
the polymer shell made of halogen-free material are
provided under irradiation in a fairly narrow range of
the absorbed dose: from 160 to 170 kGy.
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PACHPE/IEJTEHUE MOTJIOLEHHOM J103bI IO MEPUMETPY U JJIMHE
MOJIMMEPHOM 3AIIIMTHOM OBOJIOYKH TP PAJMALIMOHHOM OBJIYYEHUM
CYIOBOT'O KABEJISI

A.B. Becnpo3zeannwvix, H.A. Mupuyx

BrImnoHeHO uccieIoBaHue pacpeAeTICHUS MOTJIOMEHHOM T03BI 10 IEPUMETPY U [UIHHE MOJIMMEPHON 3aIIUTHON
000JIOYKM Ha OCHOBE OE3TraJlOreHHON KOMIIO3WIMU B 3aBHCHMOCTH OT TEXHOJIOTHYECKOH J03bI PagHaliOHHOTO
00y4eHus: 00pa3IoB CyIOBOro KalOens. YCTaHOBJICHO, YTO HEPAaBHOMEPHOCTh OONYYCHHUS MO MEpUMETPY Kalens
moskeT pocturath 20...30% mnpu TEXHOIOTHYECKOW mo03e B amamasone 1,25...0,5. O6mydyenue xabenst mo qinHe
0oJiee paBHOMEPHOE W He MpeBbImaeT 5% Npu TEXHOJOTHYECKOW 03¢ B MHTepBaye 3HaueHui 1,25...0,567. Ilpu
MEHBIINX 3HAYCHHUSX TEXHOJOTHYECKOW J03bI HEPAaBHOMEPHOCTH OOMYUYEHHS IO MEPUMETPy W JIJIMHE Kales
YBEJIMUMBACTCS. Y CTAHOBIICHO, YTO IPU CPEIHEH moriomeHHoi go3e 210 xI'p 3amuTHas moauMepHast 000I09Ka He

COOTBETCTBYET TpPEeOOBAaHMAM IO OTHOCHUTEIBFHOMY VAJIMHEHHIO TIPH pas3phIBe.

OntumanbHble  (U3HKO-



MEXaHUYECKHEC XAPAKTCPUCTUKH IMOJUMEPHON OO0OJOYKH W3 0E3rajoreHHOr0 MaTephasia OOCCIICYHBAIOTCS IPH
00yYeHNH B TUaIa3oHe MoTJIomeHHoM 10361 160...170 xI'p.

PO3MO/ILJI MOTJIMHEHOI 1031 11O HEPUMETPY I JTOBKHHI MOJIMEPHOI
3AXUCHOI OBOJIOHKH ITPU PAJIIALIIMHOMY OINMPOMIHEHHI
CYJHOBOI'O KABEJIIO

I'.B. be3npo3eéannux, I.A. Mipuyx

[IpoBeneHO AOCHIIKEHHS PO3MOAUTY TOTJIIMHEHOI JO03M IO TEpUMETpPy 1 JOBXKHHI IONTIMEPHOI 3aXHCHOL
00OJIOHKH Ha OCHOBi 0E3raJloreHHOTO MaTrepiady B 3aJIe)KHOCTI B TEXHOJOTIYHOI TO3M OIPOMIHEHHS 3pa3KiB
CYAHOBHX Ka0eniB. BcTaHOBIEHO, IO HEPIBHOMIPHICTH ONPOMIHEHHS IO HEPUMETPY KaOeio MOXKe J0CAraTH
20...30% npu TexHoJOTIUHIM 1031 B AianazoHi 1,25...0,5. OnpomiHeHHs B30BX KaOeJo € OLIbII pIBHOMIPHUM 1 HE
nepeBuInye 5% MpU TEXHOJIOTIYHIM 031 B iHTepBaii 3HadeHb 1,25...0,567. [Tpu MeHITUX 3HAYEHHSIX TEXHOJIOTIYHOT
JI031 301IBLIYETHCSI HEPIBHOMIPHICTh BHIIPOMIHIOBAHHS 110 NEPUMETPY 1 JOBKUHI Kabemto. BeranosneHo, mo npu
cepenHiid mornumHeHiN mo3i 210 k['p 3axucHa moniMepHa OOOJOHKA HE BIINOBIZa€ BHMOTaM MO0 BiIHOCHOTO
NOAOBXKEHHS Npu po3puBi. OnTuMmanbHi  (Qi3MKO-MEXaHIUHI XapaKTEPUCTHKH MOJIMEpHOi OOOJOHKH 3
0e3raToreHHOTO MaTepiaty 3a0e3MedyOThCS P OIPOMiHEHHI B Jiama3oHi moriauHeHoi go3u 160...170 xI'p.



