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The technology of cable insulation radiation modifying had a wide application in the industry. The 

use of such a technology provided the production of a wide range of cables, wires and heat shrinkable 
products for different markets: power stations, telecommunications, electronics, oil sector, nuclear 
power plants, submarines and aviation. In all these industries, high reliability is required both for 
assembling and for operation in difficult conditions and unusual extreme situations. The accelerators 
supplied to ОАО “PE” Podol'skkabel" were among the first of ELV series accelerators. While in 
operation, particularly after 2000, there was modernization, i.e. continuous improvement of accelerators 
and radiation technological process. Recently, we use the most modern equipment and technologies for 
radiation electron polymer cross-linking. 
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Introduction 

OAO “PE” PODOL’SKKABEL” was founded in 
1941. Radiation technologies in cables and wires 
production at this plant were introduced in 1982. At 
that time, Ministry for Electrical Engineering 
Industries of USSR decided to equip the cable plants 
by 15 accelerators. Two of them, the accelerators of 
ELV series, were installed at the “Podol’skkabel” 
plant. These were the first models of accelerators: 
ELV-1 and ELV-2. The electron beam power of each 
of them was 20 kW. They had manual control over the 
parameters of the technological process. ELV 
accelerators were designed and manufactured by the 
Institute of Nuclear Physics of Siberian Branch of 
USSR Academy of Sciences, by the Ministry of 
Electrical and Tool Engineering of USSR (Russian 
abbreviation is MinElectroTechProm) request. They 
intended for the long-term and continuous operation 
under the industrial production conditions. The 
accelerators were tested under the program of the 
Inter-institutional Commission and were 
recommended for industrial application.  

 
Fig. 1. ELV-8 accelerator has max. energy 2.5 MeV and 

max. beam power 100 kW. 
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The technologies for insulation radiation modifying 
were developed at All-Union Institute of Cable 
Industry led by the Director General, Professor, 
Doctor of Technical Sciences. I. P. Peshkov.  

90-th were hard time for Russian economy. But, 
"PE" Podol'skkabel" considerably stayed in operation 
condition, it has maintained its staff and equipment, in 
a contrast to many other Russian plants due to the 
presence of accelerators.  

Later, when the economic situation began to 
stabilize, old accelerators were replaced by 
accelerators of new design. These were ELV-4 and 
ELV-8 (Fig. 1) with a maximum energy of 1.5 and 2.5 
MeV, correspondingly, and the maximum electron 
beam power reached 100 kW. In 2000s, due to 
cooperation with Budker Institute of Nuclear Physics 
of Siberian Branch of Russian academy of sciences 
ОАО "PE" Podol'skkabel" became testing facility for 
new design solutions in radiation cable treatment. 
Such cooperation is mutually profitable. The Institute 
proposes and tests new technological projects, the 
plant enhance the quality of products and increase the 
productivity by means of this projects implementation.  

General 

The technology of cable insulation radiation 
modifying had a wide application in the industry. The 
use of such a technology provided the production of a 
wide range of cables, wires and heat shrinkable 
products for different markets: power stations, 
telecommunications, electronics, oil sector, nuclear 
power plants, submarines and aviation. In all these 
industries, high reliability is required both for 
assembling and for operation in difficult conditions 
and unusual situations. 

Quality of radiation treatment depends on the 
accelerator itself and from the system of products 
transportation under the electron beam in radiation 
zone, pay off and take up machines, accelerator and 
transporting system synchronization. The accelerators 
supplied to ОАО "PE" Podol'skkabel" were among 
the first of ELV series accelerators. While in 
operation, particularly after 2000, there was 
modernization, i.e. continuous improvement of 
accelerators and radiation technological process. 
Recently, we use the most modern equipment and 
technologies for radiation electron polymer cross-
linking. Two electron accelerators operating with 
four-side radiation systems and two under-beam 
transportation systems operates at the plant. They are 
connected into automatic complexes, which includes 6 
pay off and 6 take up devices together with the 
equipment mentioned above. Such automatic 

complexes provide superior quality of radiation 
modification of cable product insulation in a wide 
range from 0.12 sq.mm up to 120 sq.mm conductive 
core. 

Four-side irradiation 

Four-side radiation is an enhancement of the 
technology of cable die/billet electron-beam 
treatment. The new technology was developed in 
BINP in 2003 by the request of ОАО "PE" 
Podol'skkabel". At this plant, this technology passed 
the tests and started its continuous operation. It was 
done for the first time in world practice. Fig. 2 and 
Fig. 3 show schematic device appearance.  

 
Fig. 2. The cable treatment with 4-side system дf ELV 
accelerator: 1 - scanning magnets with a shift magnet;       
2 - extraction device; 3 - electron trajectory; 4 - right 

deflecting magnet; 5 - left deflecting magnet; 6 - the billet 
under the radiation treatment. 

 
Fig. 3. Irradiation in four azimuth. 

When moving through the irradiation zone the 
cable is located in such a way that at each turn at the 
big drum (changing the travel direction through 
irradiation zone back and forth) the upper and lower 
surfaces change places. The electrons penetrates into 
insulation at an angle ± 45 to the vertical. Thus, at 1 
transit (back and forth travel) the cable is irradiated 
from 4 sides in azimuth of ± 45, ± 135 degrees. This 
technology enables considerably enhance the quality 
of beam cable product treatment. Simultaneously with 
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improved azimuthal inhomogeneity of absorbed dose 
the technology reduces required value of electron 
energy and enable to use electron-beam treatment of 
big diameter cables. 

The new method completely replaced the standard 
2-side treatment. Now both accelerators work only by 
the method of 4-side irradiation (Fig. 4). Both quality 
and productivity have improved. Other Russian plants 
follow us using four-side irradiation for cable 
treatment for nuclear power plants and the oil 
industry. 

 
Fig. 4. Layout of turn in magnets of 4-side radiation system. 

Under-beam transportation system 

Under-beam transportation system (UBTS) is 
universal device meant for cable travel through 
irradiation zone (Fig. 5). The equipment consists of 2 
big drums: leading drum and slave drum and small 
roller set for cable layout. The main advantage of this 
design is the reduction in the tension of the conductive 
core during transportation. This advantage is achieved 
by replacing a large number of passive rollers by one 
slave drum. In this case, the tension is applied in 
parallel to all the cables, but not grows up in series, as 
with the use of passive rollers. The speed of the motor 
is set using the accelerator control system. The drive 
has a wide dynamic range, which ensures the 
proportionality between the speed of billet travel and 
the electron beam current, i.e. a constant dose is 
provided and a soft start of the technology takes place. 
At the treatment speed of 10 to 300 m/min, the 
irregularity of the absorbed dose does not exceed    
±3%. Operational experience at Podolsk Cable Plant 
shows successful irradiation of the billet in a wide 
range of electric core cross-section from 0.12 up to 
120 mm2. 

When the dose is increased, the insulation becomes 
very hot when special cables are treated. To avoid 
overheating, radiation treatment of insulation occurs 
in several stages, the drum with the cable is irradiated, 
and then it is cooled, and after it is irradiated once 
again. To improve this technology, we introduced an 

aerosol cooling system, which enabled to reduce the 
irradiation factor without billet overheating. Fig. 6 
shows the aerosol cooling system at the setup stage. 

 

 
Fig. 5. Under-beam transportation system. 

 
Fig. 6. Aerosol cooling system. 

Automated complexes 

At ОАО "PE" Podol'skkabel" for the first time in 
Russia in 2006 the automated complexes was created. 
The designers and manufacturers of the accelerators 
from BINP together with the specialists of All-russian 
scientific research, design and technological institute 
of cable industry (ВНИИКПМАШ = 
VNIIKPMASH), Moscow had improved the pay off 
and take up machines in such a way, that the speed of 
irradiated billet was a function of accelerator beam 
power and specified doze value. As a result of this 
work over the 2006 to 2007 period, for the first time 
in Russia, the lines consisted from 2 accelerators and 
6 technological complexes, with the possibility of 
simultaneous operation at two or more complexes 
were introduced. Control systems of the accelerator 
and technological equipment are combined. The 
leader is the accelerator, and the technological 
equipment is a slave. The creation of functional 
dependence of the irradiated billet speed on the 
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electron beam current, made it possible to achieve the 
stability of the absorbed dose in any transition 
technological mode. This approach has made it 
possible to achieve the highest quality of the cable so 
that other types of insulation modification, such as 
silane or peroxide, cannot compete in any way. 

 Automated complexes П1-П6 (P1-P6) increased 
the technological speed by two times and more in 
dependence on the type of the irradiated billet.   

For single-core billet the defect of electric core 
(EC) extension is practically eliminated. Thus, 
longitudinal hermiticity between EC and insulation of 
the irradiated billet is insured. Because of the creation 
of new technological scheme, the probability of 
contamination of the irradiated billet by radiolysis 
products is eliminated. 

The number of staff significantly reduced. It is not 
necessary any more an operator presence near the 
accelerator control panel. In the technological hall, the 
process monitoring system through the monitors was 
installed. Information about the process is supplied to 
the monitor, where the energy, beam current, line 
speed, the cable remainder on the drum and the time 
before it end continuously display. This is shown in 
Fig. 7. High quality of the cable product bill is 
confirmed by the operation of the cable under the 
extreme conditions of the oil industry and other areas 
of special equipment. Monitor of running 
technological process information: 

 Accelerator ELV-4 
 Complex P3 (П3) 
 Electron energy, MeV – 0.95 
 Beam current, mA – 25 
 Speed, m/min – 298 
 Cable remainder at P3, (min) -7305(24) 

 
Fig. 7. Monitor of running technological process 

information. 

 

Control technique 

The electron accelerator operates together with 
other technological equipment. Such an installation is 
a complex technological aggregate with high-grade 
automation. There are a large number of parameters, 
which are subject to be continuously controlled to 
ensure the safe and regular operation of the 
equipment. According to the functional specification 
the control system (of interlocks) can be conditionally 
divided into 3 groups: process safety interlocks, 
integrated facilities system health interlocks, the 
interlocks responsible for the product quality. 

Electron accelerator is a source of ionizing 
radiation. That is why, the technological facilities 
equipped with electron accelerator are the subject of 
heightened security requirements. The qualities of 
radiation protection are checked at the stage of 
accelerator commissioning and after verification of 
the conformity of its operation to radiation safety 
standards. During operation, the radiation level 
outside the protection is continuously monitored. 
Protective doors, aperture or hatches, draft ventilation 
has electrical interlocks. Security interlock control is 
done by means of hardware, i.e. in case of radiation 
level exceed, the accelerator is immediately turned 
off, and when the doors are open, it cannot be turned 
on. The control program informs about breakdowns. 

Accelerator control system includes some 
hardware and software interlocks which enable 
continuous self-test of the accelerator system: 
stabilization of energy and beam current of 
accelerated electrons, beam scanning system, 
including the position of the raster of the electron 
beam in the extraction window, the power supply 
system, cooling system, etc. In case of breakdown the 
accelerator or technological line deactivate and the 
breakdown information displays at the monitor.  

Absorbed doze value is an important parameter. 
Irradiation doze is determined by the beam current 
value and by the speed of product transportation 
through irradiation zone. These values are 
proportional to each other. This provides doze 
stability at the mode changes (start, stop, etc). 
Accelerator control program monitors the 
concordance of beam current value to the set (given) 
value and the match of transportation speed to the 
given (set) current and doze value (specific speed).  

Electron beam energy determines the depth of 
electron penetration into the product, i.e. the thickness 
of insulation being under the treatment. At energy 
decrease the inner product layers may have absorbed 
doze less than required. Energy value is also 
monitored by control program to be correspondent to 
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the set (given) value.  
Extensive network of control functions allows 

remote control when accelerator is controlled by three 
buttons (stop, big and small current, start) located at 
the technological equipment console. 

Operational reliability 

The accelerators operates continuously, there are 3 
shifts per 24 hours. Electron beam creates aggressive 
medium which contains ozone, oxides of nitrogen, 
nitric acid. That is why, the problems mostly insured 
in irradiation hall (technological chambers). Running 
of the electrons with the energy of 1 MeV in the air is 
about 5 m, i.e. scattered electron is extended far from 
the zone of billet irradiation. Thus, there is not only 
chemical corrosion but surface damage by scattered 
electron also. 

If timely regular cleaning of the construction and 
change of the accelerator units, the accelerator 
lifetime is about 20 years (Fig. 8). Of course, the 
control system should be upgraded from time to time 
because of moral aging of hardware components. 

 
Fig. 8. Extraction device after 25 years of operation. 

These innovative inventions required great 
investments. But, these expenses are justified due to 
the improvement of the product quality and rise in 
productivity, and hence, due to decrease of the actual 
costs.  

Recently, the plant continue to cooperate with 
BINP scientists, SPC “Progress” from St. Petersburg 
and Leningrad electro-technical institute. Together 
with these institutions the accelerator vacuum unit 
hermeticity control system are modernized. 

Conclusions 

Electron-beam technologies are widely used in the 
industry. Cooperation between industrial enterprises 
and scientific-research institutions is scrupulously 
fruitful for both partners. 
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