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Technology of radiation modification of cable and wire insulation had found wide application in 
industries. The use of these technologies enabled to develop the manufacture of a wide range of wires, 
cables and heat-shrinking goods for different markets (power plant, telecommunications, electronics, oil 
industry, nuclear power plant, submarine and aircraft, etc). All of them are of high reliability, when 
being mounted and during operation as under standard and extreme operating conditions. The quality of 
radiation treatment depends on accelerator itself as well as on under-beam, pay off and take up 
equipment.  The EB treatment of cable insulation in PODOLSKKABEL was started in 1972.  This plant 
was one of the first industrial plants that used electron accelerators in former USSR. During the 
operation both accelerators and technology were being continuously modified. Now it is equipped with 
the most modern technology for EB crosslinking of polymers. It is equipped with 2 ELV accelerators 
with 4-side irradiation systems and maximum energy 1.5 and 2.5 Mev, 2 under-beam transportation 
system and 6 pay off and take up technological complexes. It enables to treat the cables with core from 
0.12 to 120 mm2 for different purposes.  

Опит от 30-годишното използване на електроннолъчева инсталация в завода 
„Подолсккабел“ (Н. К. Куксанов, А. И. Рожкх, М. Н. Степанов). Технологията на 
радиационна модификация на изолацията на кабели и проводници намира широко приложение 
в индустрията. Използването на тези технологии позволява разработката и производството 
на широк клас от проводници, кабели и топло-свиващи се изделия за различни пазари 
(електростанции, телекомуникации, електроника, петролна индустрия, ядрени 
електростанции, подводници и самолети, и др.) . Всички са с висока надеждност, когато са 
монтирани и работят в стандартни и екстремни условия. Качеството на радиационната 
обработка зависи от самия ускорител и на останалото осигуряващо обработката 
оборудване.  Електроннолъчевата обработка на изолацията на кабели в „Подолсккабел“ 
започна през 1972. Този завод бе първият в бившия СССР, който индустриално приложи 
електронни ускорители. 

По време на работа двата ускорителя и технологията бяха постоянно модифицирани. 
Сега те са екипирани с най-модерната технология за електроннолъчево съшиване на 
полимери. Заводът има 2 ЕЛВ ускорители с 4-странно облъчваща система,  и с максимална 
енергия 1.5 и 2.5 MeV, 2 транспортни системи за движение на проводниците под лъча, 6 
автоматизирани допълващи комплекси. Те позволяват облъчване на кабели с проводник от 
0.12 до 120 mm2

за различни цели. 
 

 

Introduction 
The crosslinking technologies are applied very 

widely in industries. While the improved maximum 
operating temperature was one of the initial 
attractions of crosslinking, there are other important 
product advantages being the results of polymers’ 
crosslinking, such as: reduced deformation under 
load, improved chemical resistance, increased 

abrasion resistance, improved impact properties, 
memory characteristics. At present the electron-beam 
technologies are extensively used in a cable industry 
for cross-linking of insulation made on the basis of 
polymer compositions. The use of these technologies 
enabled to develop the manufacture of a wide range 
of wires, cables and heat-shrinking goods for 
different markets (power plant, telecommunications, 
electronics, oil industry, nuclear power plant, 
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submarine and aircraft, etc). All of them are of high 
reliability, when being mounted and during operation 
as under standard and extreme operating conditions.  

General 
The “Podolskkabel” plant was founded in 1941. 

The EB treatment of cables and wires at 
“Podolskkabel” was started in 1982. That time electro 
technical ministry of USSR was equipping the cable 
industries with 15 accelerators. 2 of them were 
installed at “Podolskabel”. They were the first models 
of ELV accelerators:  ELV-1 and ELV-2 with power 
of electron beam 20 kW per each. They have manual 
control of beam parameters. These accelerators were 
developed by the Institute of Nuclear Physics of 
Siberian Branch of Russian Academy of Science 
especially for cable industry. They were adapted for 
industrial applications. Now ELV accelerators are 
well known in the world. There were manufactured 
more than 140 ELV accelerators. They are the most 
popular Russian accelerators not only in Russia but in 
China, South Korea, etc.   

 
 

Fig.1. ELV-8 accelerator 

There was not a good time for Russian economics 
in 90-s. But due to accelerators the plant 
“Podolskkabel” remained under working conditions, 
saved its personal and machinery in contrast to many 
Russian plants.  Later, when the economical situation 
began to be improved, the old accelerators were 
changed into new designed machines.  It was ELV-4 

and ELV-8 accelerators with maximum energy of 1.5 
and 2.5 MeV and beam power 60 and 80 kW 
correspondingly. More active development began in 
early 2000-s due to active cooperation with Budker 
Institute of Nuclear Physics of SB RAS. The company 
became the place for testing new solutions and new 
techniques in the process of electron beam processing 
of cable products. This collaboration brings mutual 
benefits. The Institute validates the new solutions, and 
the factory gets improving the product quality and 
increasing in productivity. 

4-side irradiation 
The modification of EB processing was 4-side 

irradiation system. Such system was developed in 
2003 under the request of “Podolskkabel”. It was 
tested and put into continuous operation at our plant 
for the first time in Russia. This system allows 
improving the quality of EB treatment. Fig. 2 
demonstrates how to improve the homogeneity of 
dose distribution for different way of radiation (2-side, 
3-side, 4-side, multiple sides). 

 
 

 
Fig.2. Azimuth homogeneity of irradiation for different 

ways of irradiation 

Simultaneously with improving the azimuth dose 
homogeneity it facilitates to reduce the required 
energy and to use EB treatment for cables with big 
diameters. The maximum thickness of electron 
propagation in insulation is (D*w)1/2  for 2 side 
irradiation and 1.4w in case of 4-side. D is outer 
diameter of the cable, w is the thickness of insulation. 
New method have replaced usual (2 side) irradiation, 
improved the quality and productivity. Now both 
accelerators are operating in 4-side irradiation mode 
only. The cable under irradiation position was placed 
in such a way that at every turn the upper and lower 
surfaces cords were reversed. Electrons were extracted 
through the foil at an angle of +/-45 degrees to the 
vertical. Therefore, after the passage of one turn we 
got exposure with 4 different directions. Fig.3 shows 
the external view of 4-side irradiation system. 
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Fig.3. 4-side irradiation systems 

 
 

Fig.4. Iirradiation of medium diameter cables 

 
Fig.5   Irradiation of medium diameter cables 

Other Russian manufacturers of cables for oil 
industries or atomic power station follow us and use 
4-side irradiation and UBS designed by BINP.  

 
Fig.6. Irradiation in Rosscat plant 

Under Beam transportation System 
UBS is universal system which was designed for 

transportation of cable products through the zone of 
treatment. The system consists of 2 drums: one is 
master and the other is slave. The main advantage of 
this system is the reduced tension of conductive core 
during transportation. This is due to the fact that 
instead of a large number of passive rollers the cable 
is driven by the drum. Tension is applied in parallel to 
all cables and cannot be combined sequentially as in 
case of passive separate rollers. The device is easily 
synchronized using tension with take up and pay off 
devices, and using an electric signal to the beam 
current and the required dose of radiation level. Speed 
of the engine, i.e. the speed of cable transportation, 
sets by the signal from the control system of the 
accelerator. Wide dynamic range ensures 
proportionality between the value of the beam current 
and speed, so the absorbed dose is constant during 
changing of speed (start and finish, for example). 

 

 
Fig.7 Cable cooling system 
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In the manufacture of special cables with a large 
dose the treated insulation is heated. In this case, in 
order to avoid overheating there is repeated exposure. 
The cable bobbin is irradiated, then cools down and 
then repeatedly or more times is irradiated. In order to 
avoid this the system of drip-air (aerosol) cooling for 
cables on the drum was developed and widely used. In 
this case, the required dose is obtained in one pass, 
and the temperature is within tolerance. The Fig.7 
shows a system configuration. 

Complimentary equipment 
“Podolskkakabel” together with the BINP and 

VNIIKPMASH (accelerators and technological 
equipment manufacturers) revised the take up and pay 
off equipment. The main objective of revision was 
performed by increasing the speed of processing and 
process automation of the entire installation. Here, 
both accelerator and technological equipment were 
controlled through computer. The accelerator was the 
master, and technological equipment was the host. 
Management of all these devices is carried out 
automatically. 

 

 
Fig.8. Pay off “dancer”- the part of technological 

equipment 

As a result, for the first time in Russia in 2006, two 
accelerators implemented 6 technological complexes, 
with simultaneous work could be any 2 of them. 
Automated systems have increased the processing 
speed in 2 or more times, depending on the type of 
cable. It completely removed the elongation of core 
hood wires for single-core cables, there is no 
possibility of contamination. Synchronization is 
provided by the permanence of absorbed doses in the 
range of velocities, i.e. in transient modes. This 
approach has provided the highest quality of cable 

processing which cannot compete in other ways: 
silane and peroxide crosslinking. 

The operator does not need to be located near the 
control panel of the accelerator. An effective 
parameters control system by using the monitors in 
the technological room was introduced. Using the 
information the operator can monitor and adjust the 
parameters directly at take up and pay off machines. 
The information of processing is shown on 
illuminated indicator board. It’s dimensions allow  
reading the information from any point of operation 
hall. The following parameters are continuously 
displayed: energy, beam current, speed of the line, 
remainder of cable on bobbin, time to finish of 
bobbin. 

 

 
Fig.9. Information monitor 

The perfect quality of treatment is proved by 
reliable operation of cables in extreme conditions of 
oil industry.  

Reliability of operation 
Mainly, the problems are arising inside the 

irradiation room.  Accelerators are operating 
continuously 2-3 shifts per day. Electron beam 
produces aggressive atmosphere inside this room. 
There is air mixture of ozone, nitrogen oxides, 
nitrogen acid. The penetration depth of 1 MeV 
electrons in air is 5 m so they can pass enough far 
from irradiation point. The periodical cleaning, 
painting or replacing of parts that can be damage due 
to chemical corrosion or irradiation by scattered 
electrons are needed. Nevertheless the lifetime of 
accelerator is over 20 years. Of course it requires the 
replacing of some parts with limited lifetime. The 
lifetime of control system is essentially smaller 
because electronics industry develops faster. As 
usually the control system of accelerator should be 
upgraded each 5 years.  

All of the modernizations mentioned above 
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demanded high investments. But they all are paid off 
due to the quality of products and the productivity as 
well as due to operating costs reduction. 

At present, the cooperation, which started many 
years ago, is successfully continuing. From time to 
time BINP makes accelerators upgrade and validates 
new projects, “Podolskkabel” has the newest hardware 
without considerable expenses incurring. 

Conclusion 
The EB technologies are successfully used in 

industries. The collaboration between industrial plant 
and research institute is fruitful for both partners.   
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