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ELV accelerators are D.C. machines. They were designed and manufactured by Budker Institute of 
Nuclear Physics of Siberian Branch of Russian Academy of Science. These machines are well known in 
the world. They are operating from Germany in West to Indonesia and Malaysia in East. Main 
application of these accelerators is the treatment of polymers. Accelerators for the polymer treatment 
are equipped with the foil window extraction device. Some kinds of ELV accelerators were equipped 
with the device for focused beam extraction into atmosphere. It allows the treatment of material with a 
high beam power density under atmosphere pressure.  

New development of ELV accelerators is concerning the low energy range and design of self-
shielded accelerators. There are the set of self-shielded accelerators. The lowest energy is 150 - 200 keV. 
These machines are unified with usual ELV accelerators and extend their application area. 

Тенденции на разработката на правотокови електронни ускорители за индустриални 
приложения и изследователски експерименти (Н. Куксанов, Ю. Голубенко, П. Немитов, Р. 
Салимов, С. Фадеев, А. Корчагин, Д. Когут, Е. Домаров, А. Лаврухин, В. Черепков, В. 
Семенов). ЕЛВ ускорителите са правотокови машини. Те бяха разработени и произведени в 
Института по ядрена физика „ Будкер“ на Сибирското отделение на РАН . Тези машини са 
добре познати в света. Те се използват от Германия на Запад до Индонезия и Малайзия на 
Изток. Главното приложение на тези ускорители е обработка на полимери. Ускорителите за 
обработка на полимери се екипират с изходно устройство на снопа във вид на фолиен 
прозорец. Някой видове ЕЛВ ускорители имат устройство за екстракция на фокусиран лъч в 
атмосферата. Те позволяват обработка на материали с висока плътност на мощност на 
лъча при атмосферно налягане. Новите разработки на ЕЛВ ускорители са в областта на 
ниско енергийната област и самоекраниращите се ускорители. Има една серия от само-
екраниращи се ускорители. Най-ниската енергия е 150-200 keV. Тези машини са унифицирани с 
обикновените ЕЛВ ускорители и разширяват тяхната област на приложения.  

 

Introduction 
Radiation-chemical technology with the use of 

electron accelerators as the sources of ionizing 
radiation had been widely developed. Budker 
Institute of Nuclear Physics of the Siberian Branch 
of Russian Academy of Sciences is one of the world 
leaders in the development, design, production and 
delivery to the industry of electron accelerators of 
different types (i.e. continuous accelerators based on 
high-voltage rectifier, high frequency, pulse, etc.), 
covering a wide range of accelerated electrons 
energy and power. ELV accelerators hold a specific 
place in the range of equipment manufactured by the 
Institute. Compact dimensions and high operational 

qualities have allowed BINP take a leading position 
in the market of industrial accelerators, both in 
Russia and abroad. The ELV accelerators series has 
the range of accelerated electrons energy from 0.3 to 
2.5 MeV, maximum beam power for separate 
machines from 20 to 100 kW   and maximum beam 
current up to 100 mA. The special accelerator was 
designed and manufactured for ecological and 
research purposes with a beam power 400 kW.  

Development of ELV accelerators family 
ELV accelerators high voltage source is a 

generator with a cascade of parallel inductive links. 
НV rectifier column is installed inside the primary 
winding. The primary winding is powered by a 
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frequency converter on the base of IGBT transistors. 
The secondary winding of the coil have the maximum 
induced voltage of about 20 kV. This voltage is 
rectified by voltage doubling circuit. Rectifier unit 
connected in series or series-parallel to form the 
column of HV rectifier, ending with the high-voltage 
electrode. The injector control unit is located inside 
the high-voltage electrode. Accelerator tube is placed 
inside the rectifier column and the top of the tube is 
connected with the high-voltage electrode. All these 
elements are placed inside the pressure vessel filled 
with insulating gas (SF6). This design reduces the 
overall dimensions of ELV accelerators and makes 
them the most compact among the devices of this 
class. The accelerator is supplied with gas system that 
enables to save SF6 gas during maintenance and 
repair. Vacuum systems and the extraction device are 
attached to the bottom of the vessel. The cathode is 
placed at the upper end of the accelerator tube. The 
electrons emitted by the cathode have the full energy 
at the exit of the accelerator tube. They are passing 
through the system of scanning magnets that evenly 
distribute electrons on the foil window. The electron 
beam is scanned in 2 directions along and across the 
window. The material moves under the window in the 
transverse direction and is treated by extracted 
electrons. The beam position inside window is 
monitoring. The accelerator control is equipped with 
an automated system that enables not only to make the 
operator's job easy, but to synchronize the process 
equipment and the accelerator, or combine them into 
one complex.  

The analysis of demands for accelerators (a market 
for accelerators) was made in 2011. As a result, the in-
demand accelerators are distributed evenly for 
maximum energy from 1 MeV up to 2.5 MeV. 
Concerning the beam power – all queries on the 
boosters had 100 kW beam power. In accordance with 
the results of the analysis of ELV family was 
supplemented by accelerators with the maximum 
current up to 100 mA in the range 0.5-1.0 MeV, with 
max. current 80 mA in the range of 0.8-1.2 MeV, 
max. current 67 mA - in the range of 1.0-1.5 MeV. 
For the range of energy 1.0-2.5 MeV max. current is 
the same as previous - 50 mA.    Maximum beam 
power for all of the accelerators is 100 kW.  

Analysis of last years’ activity concludes the 
increasing requests of low-voltage machines (range 
0.3-0.7 MeV).  In all these settings, it was the wish of 
the local radiation protection. It should be noted that 
the increasing interest in low-voltage accelerators is 
caused by the mobile accelerators, among others. This  
mobile accelerator was developed together with our 

South Korea partner EB-TECH Co Ltd. 

Net chain

 

Fig. 1. 0.3MeV*100 mA accelerator for tire industries 

 
Fig.2 Accelerator for producing of foamed polyethylene 

was upgrade in 2012. 

 The main purpose of this machine is to 
demonstrate the advantages of electron beam 
technology for environmental purposes. As a result of 
the carried out research the Institute offers a series of 
accelerators in the local protection of overlapping 
energy range of 0.25-0.7 MeV. The value of the 
maximum current depends on the design of the 
extraction devices (length of foil windows, one 
window, two windows) and can reach up to 150 mA. 
The accelerator for rubber industry 0.3 MeV*100 mA 
is shown in Fig.1. The new concept enables to 
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upgrade accelerators produced by other 
manufacturers. Fig. 2 shows the accelerator which was 
manufactured by Efremov Electrophysical Institute 
(Russia) in 1970 and modernized by BINP in 2012. 
The scanning system of accelerator was upgraded in 
India.  

Improving the parameters of EB processing 
ELV accelerators are used most widely in 

technological processes in industry, using radiation 
cross-linking of polymer materials. The quality of 
such processing is determined by many factors. So, 
accelerators itself should ensure the stability of the 
electron beam parameters: energy, beam current, 
width and homogeneity of irradiation.  The speed of 
transportation should be synchronized with a value of 
the beam current.    

Cables and wires 
For qualitative processing of cable insulation in the 

Institute a universal underbeam transportation system 
(UBS) had been designed and offered to customers. It 
transports the cable or wire or pipe through irradiation 
area. It is universal because it can operate with a big 
range of square and diameters of wire and cables. The 
UBS system is easy connected with pay off and take 
up technological equipment.  

 
Fig.3 The view of UBS 

The speed value is determined by control system of 
accelerator and its value is proportional to the beam 
current and ordered dose. The maximum winding 
speed is 250 m/min. Big diameters of the drums (900 
mm) allow the treatment of monoconductor cable with 
36 mm2 core. After exchanging of guide rollers it 
enable to treat multiconductor cables with the 
diameter up to 70 mm. The drive motor with 18 kW 
electric power has a large dynamic range, so the 

proportionality between speed and beam current is 
stored in a large range of speeds. This allows the soft 
start of technology equipment and the value of 
absorbed dose became constant during start, finish or 
any changing of operation. Fig. 3 shows external view 
of UBS. 

To improve the homogeneity of the absorbed dose 
accelerators can be equipped with a 4-sided irradiation 
system. Here the electron beam is extracted into 
atmosphere at an angle of +/-45 degrees to the 
vertical. The cable layout is such that at each turn of 
the upper and lower surfaces are swapped. As a result, 
after two passes of the cable under the extraction 
window of the accelerator the four quadrants of the 
cable cross section are treated. Fig. 4 shows a diagram 
explaining the principle of operation of the device, 
and Fig. 5 presents its schematic view. 
 

 
 

Fig.4 The principle of 4 side irradiation 

 
 
Fig.6 Schematic view of 4-side irradiation device 

The accelerated electron beam is scanned by the 
electro-magnets 2 in the plane of the drawing. Later it 
passes through the magnetic field of banding magnets 
4. This field changes the trajectory of electrons so 
that, regardless of the input, the output of all the 
electrons passing the left magnet angle with vertical 
axis -45, and for right magnet +45 respectively. The 
power supply of these magnets is DC 200 W and   
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configuration of magnetic field is determined by the 
shape of the poles of these magnets. 

 

 

Fig.7 4-side irradiation and UBS 

 

 

Fig 8.The ring irradiation system 

Large diameter pipe and tape technology 
Application of accelerator can be extended by 

using two-way irradiation systems (used for treatment 
of tapes) and the ring irradiation system (for 
modification of pipe). The ring irradiation system is 
used for the treatment of insulation of power cables of 
large diameter (up to 60 mm) and the thick-walled 
heat shrinkable tubing. The use of this system allows 
to obtain uniform in azimuth radiation insulation in 
one pass of the wires under the beam. The ring 

irradiation system is schematically shown in Figure 6. 
Electrons after extraction window from accelerator 
enter the field electromagnets 3 with poles that turn 
trajectories of electrons in the air, as shown in the 
figure. This system ensures uniformity of dose 
azimuth wires no worse than15%. However, it has not 
high efficiency and the efficiency decreases with the 
decreasing of the wire diameter. At maximum 
diameter 60 mm does not exceed 50%. Another 
disadvantage is that a dose is obtained during one pass 
so there is limitation in the temperature and beam 
power. 

  
Fig.9  Inhomogenity of the ring irradiation systems 

Change the shape of the long pole pieces (Fig. 10) 
in the direction along the prom device, enables to 
obtain a system of bilateral exposures for thin wires 
and rather narrow ribbons. 

 
 

  
Fig.10  Two-side irradiation system 1 – base, 2 – beam 

deflection electromagnet coils,            3 – beam deflection 
electromagnet core, 4-5 – poles,6 - target 

System works well with the energy of electrons 
above 1.2 Mev [2]. At low energies, they are 
functional, but reduces the efficiency coefficient due 
to the beam scattering in a foil and the air. Systems 
are supplied as accessories to the operating 
accelerators and can be easily installed and removed 
when changing technology. 
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Increasing the uniformity of the linear dose rate 
for sheets material  

Irradiation of sheet products is very sensitive to 
dose distribution across the width of the product. Very 
often the technology requires high homogeneity of 
absorbed dose. For example, in some case the 
treatment of polyethylene the dose uniformity should 
be better than 4%. The main difficulty is in the fact 
that the scattering of electrons in the extraction 
window and air is significant. So we have the 
decreasing of dose near the end of the window.   

The irradiation dose during one passing is 
determined by the density current and linear velocity 
scanning beam along the axis of the exhaust unit. The 
beam velocity depends from shape of scanning 
magnets pole and shape of scanning currents. Supply 
voltage of scanning magnets is rectangular and it 
produces triangular scanning current. To increase the 
value of the dose on the edges of the extraction 
window, one should reduce the speed of beam current 
near the edges of the extraction window. We have 
found the simplest way to make it. In series with 
scanning magnets coils were there are installed special 
capacitors.  The measurement of the distribution of 
linear current density (it is proportional to dose during 
1 pass) provd improving of homogeneity for low 
energies of electron beam.  

Accelerators for environmental application 
ELV accelerators were used for environmental 

application. There were 2 industrial scale installations 
for waste water treatment:  in Voronezh city in Russia 
and in Taegu city in Republic of Korea. The machines  
which were installed in Russia in Voronezh city had 
finished their job because the task of purification of 
underground waters was successfully solved due to 
using of 2 accelerators.  

ELV-12 accelerator with 400 kW power of 
electron beam is used for ecological purposes also. 
The installation for electron-beam waste water 
treatment was put in operation in Republic of Korea. 
This job was made together with EB-TECH Co Ltd – 
our partner from Republic of Korea. At current time it 
is the only accelerator which is installed in industrial 
plant. Fig.11 shows the hall of EB treatment for ELV-
12 accelerator. Now we have no requests both for high 
power and usual power accelerators for environmental 
application. 

 
Fig. 11 Irradiation hall of ELV-12 accelerator 

Accelerators with focused beam 
ELV accelerators can be equipped by the system 

for focused electron beam extraction into atmosphere. 
It allows using accelerator for other kind of 
applications such as: production of catalysts for the 
ammonia synthesis; evaporation of any materials for 
producing nanopowders; surfacing and hardening of 
metals; welding, melting and cutting of metals, 
producing the special types of ceramics and etc. 
Unfortunately such extraction device was not use in 
industry. 

Conclusion 
Recently, radiation technique is developed very 

good. There are many devices that make EB treatment 
easier. But, the industry is very conservative and it 
prefers the proven and tested technologies only. That 
is why there is no expansion of EB technologies in the 
industry. 
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