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50°th anniversary of Industrial ELV Accelerators

The article highlights the 50-year development of ELV electron beam accelerators at the Budker Institute of
Nuclear Physics for industrial applications. ELV accelerators are used primarily for radiation modification of
polymers, such as cable insulation, and are known for their high reliability, ease of use, and adaptability to
various industrial needs. The evolution of these accelerators is traced from early models with 20 kW power to
modern versions reaching up to 100 kW, and even a unique 400 kW machine. The article also discusses the
integration of automated systems and specialized equipment that enhance the efficiency and quality of radia-
tion-chemical processes. Applications include a wide range of industries, from telecommunications to nuclear
power, where reliability under harsh conditions is essential. Despite past challenges, such as economic disrup-
tions, the production of ELV accelerators continues to thrive, with over 220 units delivered worldwide. The
institute is focused on advancing these technologies to meet future demands.
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Introduction

Since 1971, the Budker Institute of Nuclear Physics, Siberian Branch of the Russian Academy of Sci-
ences (BINP SB RAS), has been developing and producing ELV-type electron beam accelerators for use in
industrial and research radiation technology installations. ELV-type accelerators are built using standardized
systems and components, allowing cost-effective customization to meet specific customer requirements, such
as energy range, electron beam power, beam window length, and so on. The design and circuit solutions pro-
vide for long-term, continuous, round-the-clock operation under industrial conditions. The distinct qualities
of ELV accelerators include simplicity of design, ease of operation, and high reliability.

Status

Recently, it marked 50 years since the final testing of the ELV-1 accelerator as part of the interdepart-
mental commission program at the Experimental Plant of the All-Union Research Institute of Cable Industry
in Podolsk. The commission was formed by the Ministry of Electrical Industry and included nine representa-
tives: accelerator specialists (BINP and the Efremov Institute), the cable industry (VNIICP), radiation tech-
nology experts (VNIIRT and NPO PLASTIK), and the Ministry of General Engineering.

As a result of these tests, the commission recommended the accelerator for industrial use and mass pro-
duction. The BINP immediately began fulfilling an order for 15 accelerators for the Ministry of Electrical
Industry’s enterprises. Today, the institute offers a series of ELV electron accelerators, covering an energy
range from 0.3 to 4 MeV, with beam currents of up to 100 mA and a maximum power of up to 100 kW. The
ELV accelerator is the most mass-produced and popular domestic accelerator. Since 1974, over 220 ma-
chines have been manufactured and delivered, with 120 of them still in operation. The oldest one installed
abroad has been in the Czech Republic since 1980. We also work with partners in South Korea and China.
It's worth noting that the Moscow Electromechanical Plant named after Vladimir llyich also produced ELV
accelerators, but production was halted due to economic collapse, although several units were still made.

The energy range of the ELV family now covers from 0.3 to 4 MeV. The electron beam power reaches
100 kw, and there is a unique machine with a beam output power of 400 kW. It should be noted that the
power of the first accelerators was only 20 kW, while today's 100 kW meets consumer demands, and there is
no sharp increase in power expected. Figure 1 shows a diagram of a typical ELV, and Figure 2 depicts the
most popular ELV-8 accelerator in China [1-3].
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Applications

ELV accelerators are used in almost all radiation-chemical technological processes, but mainly for the
radiation modification of various polymer products: cable insulation, heat-shrinkable tapes and tubes, the
production of foam polyethylene, and more. The quality of the radiation treatment depends on both the ac-
celerator itself and the technological equipment: systems for transporting products under the electron beam
in the irradiation zone, take-up and pay-off devices, synchronization between the accelerator and the trans-
portation equipment.
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Figure 1. Common design of ELV accelrators Figure 2. ELV-8 accelerator

The use of electron beam technology has enabled the production of a wide range of cables, wires, and
heat-shrinkable products for various markets: power plants, telecommunications, electronics, the oil and gas,
nuclear power plants, submarines, aviation, and railway transport. These industries require high reliability
during installation and operation under harsh conditions and unusual situations. Therefore, great attention is
given to improving productivity and the quality of electron beam processing.

Additionally, the accelerator and technological equipment are integrated into automated synchronized
complexes. These complexes ensure impeccable quality of radiation modification across a wide range of en-
ergies and product types, as shown in Figures 3 and 4. Within the automated complex, it is possible to con-
trol both the accelerator via signals from the technological line and the technological line via signals from the
accelerator. The interaction protocol between the accelerator and technological equipment is compatible with
all technologies and equipment produced by various companies. Figure 5 shows the complex's control panel,
and Figure 6 shows the produced products. In an automated complex, the operator does not need to be at the
control panel. Process parameters are controlled automatically, and the operator can monitor them from vari-
ous points in the technology hall without approaching the equipment. The time remaining before changing
the processed reel is displayed on the control panel.

Key features of ELV accelerators:

- High beam power across a wide energy range, indicating high productivity of electron beam pro-
cessing.

- High efficiency in converting electrical energy to accelerated electron beam energy. The efficiency
ranges from 70 % to 90 %, depending on the power.

- ELV accelerators operate stably with energy and current fluctuations not exceeding +/-3 %.
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- Simple control procedures due to an automated control system. This allows synchronization of accel-
erator operation with technological equipment, and the accelerator can be part of a fully automated techno-
logical line.

- The control system includes a comprehensive set of hardware and software covering all accelerator
nodes requiring operational control, monitoring, and diagnostics.

- The accelerator itself has a simple design and high reliability.

Figure 3. Extraction device with four-side Figure 4. Irradiation line in the South Korea
irradiation system equipped company LG cable

In collaboration with EBTech (Electron Beam Technologies, South Korea), we developed a mobile
ELV accelerator variant that can be moved along a track. This machine is housed in a trailer and equipped
with local radiation protection. It can perform electron beam processing of liquids, gases, and bulk materials.
It is shown in Figure 7. The energy of this accelerator is up to 650 keV, with a power of up to 30 kW. It has
been transported within Korea and sent to Saudi Arabia, and returned after conducting experiments.

Together with the same company, a full-scale electron beam processing installation for dyeing
wastewater was developed. It used an accelerator with a 400 kW beam power. The reaction chamber is
shown in Figure 8. This accelerator uses 3 acceleration tubes and three output devices [3].
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Figure 5. External status screen in the Podolsk cable plant Figure 6. Irradiated production (India)

Beam extraction to the atmosphere through an aperture

A.M. Budker was an advocate for using accelerators in various sectors. He correctly believed that ac-
celerator applications extend beyond radiation-chemical processes for polymer material modification. The
thermal impact of a powerful focused electron beam can be utilized in metallurgical processes, cutting, weld-
ing, and working with inorganic materials. To release the focused beam into the atmosphere, an output de-
vice with a multi-stage differential pumping system is used. The electron beam is focused by magnetic
lenses, and apertures are installed in its crossover for beam passage [3].
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Continuous vacuum pumps evacuate gas entering through the apertures. Using a series of such cham-
bers, the pressure is gradually reduced from atmospheric to the working pressure of the accelerating device.
At the output of the device, the beam size does not exceed 1-1.5 mm, allowing a beam power density of
106 W/cm? or higher with 100 kW beam power. Figure 9 shows the glow of the concentrated beam released
into the atmosphere. The decrease in brightness with distance from the output aperture is due to beam scat-
tering in the air. Three versions of atmospheric beam release have been developed and produced: one for a
magnetic focusing tube, one for a large-aperture tube, and one for adiabatically compressed electron beam
output with up to 1 A current and 500 kW power [3, 4].

Figure 7. Russia-SouthKoreateam in front Figure 8. Waste water treatment room
of trailer with accelerator inside in the dying center. Daegu, South Korea

At the BINP, numerous successful experiments have been conducted on various materials (metals and
alloys, rocks, ceramics, plastics, etc.) using the focused electron beam released into gas at atmospheric pres-
sure. The beam has been released into both air and protective atmospheres (argon, helium). However, this
beam release system has not found widespread application in industrial processes. Subsequently, this setup
received the status of a unique scientific installation (USI). Currently, numerous experiments are being con-
ducted with this accelerator, equipped with a focused beam atmospheric release system, in collaboration with
various Soviet, Russian, and foreign organizations. These experiments include developing technological
modes and obtaining valuable scientific results in steel hardening (including coating wear-resistant layers on
copper plates for continuous steel casting), various radiation-thermal processes in solid-state chemistry (in-
cluding technology for producing inexpensive high-activity ammonia synthesis catalysts from catalyst pro-
duction waste), and developing high-performance methods for producing metal and oxide nanopowders by
direct evaporation from melts, as well as other high-temperature technological processes [5].

Figure 9. Electron beam extracted into the atmosphere
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Conclusions

For more than 50 years, the Budker Institute of Nuclear Physics in Novosibirsk has been developing
ELV industrial electron accelerators, which have found widespread use both in Russia and abroad. These
accelerators have gained recognition for their high reliability, ease of maintenance, and adaptability to a wide
range of technologies. Nevertheless, the institute continues to develop new types of ELV accelerators and
modify existing models. The main goal of this activity is to be ready for future demands for accelerators with
higher parameters, should new breakthrough technologies arise.
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DJIB yaerkimine 50 Kbl

Maxkanaga I'.W. Bynkep ateiHnmarel Snposslk gusnka WHCTHTYTHIHBIH JJIB ©HEpKOCINTIK AIIEKTPOHIBI
YACTKIIITepiHiH ey O KBUIOBIK Jamybl OasHmamanel. Herizinen DJJIB  ynetkimrepi monmmepiepni
pamManusuUIBIK  MoAM(pUKAMsIAy YIIH KOJJaHbLIanbl (kabenpii OKiiaynay »oHe T.0.) JKOHE >KOFaphl
CeHIMIUIINIMEH, NalJanaHyablH KapanaidbIMIBUIBIFEIMEH JKOHE OpTYpJli OHIIPICTIK KaXeTTiTiKTepre
OeliimaenyimMen TanbiMan. by ynetkimTepain sBomonusicl 20 kBT-ThiH anramksl Moaenbaepined 100 kB1-
Ka JICHiH KeTeTiH 3aMaHayu HycKanapra, Tinti 400 kB1-ka neifinri Gipereit marvHara neifin 0alikanaspl. AB-
TOpJap pamuanusuIBbIK-XUMIBUIBIK TPOIECTEPAiH THIMAUIIT MEH CanachlH apTTHIPAThIH aBTOMATTaHIBIPBUIFaH
JKyiienep MeH MaMaHaHABIPbUIFaH JKa0IbIKTAPIbIH HHTETPALMSCHIH TANKbUTaiinel. Konmany casanapsr Terne-
KOMMYHHKAIMSIaH OacTam sIIpOJIbIK JHEepreTHKara MEHiHTi camamapiblH KeH ayKbIMbIH KaMTHIBI, SFHU
MYHZa KaTal >KaFfjaiiapia CeHIMIOUIIK ©Te MaHBI3AbL. ODKOHOMHKAIBIK TOKBIPAY CHSKTBI OYpPBIHFBI
Macenernepre kapamactan, DJIB yaeTkiim eHaipiciHiH epKeHeyi xanFacyaa, Oykin anem Ooiibiaina 220-m1aH
acTaM KOHBIPFbI KOWBUIABL. MHCTHTYT OoJamak KaKETTUTIKTepi KaHAFATTAHIBIPY YIIIH OChI TEXHOJIOTHs-
JIapbl irepineTyre OarbITTaIFaH.

Kinm co30ep: DJIB ynertkimrepi, 3JIeKTPOHABI YACTKILITEP, OHEPKACINTIK YAETKIITEp, OipiKTIpy.

H.K. Kykcanos, /I.C. BopoOses, E.B. JTomapos, FO.U. I'ony6enko, A.W. Kopuarun, P.A. Canumos,
C.H. ®anees, N.K. Yakun, A.B. Cemenos, B.I'. Uepenkos, M.IT". I'onkoBckuii, A.B. JlaBpyxun

50 set yckoputeasm JJIB

B craTthe ocBemnaeTcs mATHAECAT JET pa3pabOTKH MPOMBIIUIEHHBIX YCKOpUTeNel nekTpoHoB DJIB B UHcTH-
TyTe saepHoi ¢pu3uku umenu [.U. Byakepa. B ocHoBHOM yckoputenn DJIB ncnonb3yroTest uist paananioH-
HOM MoIU(UKALUK TOJMMEPOB (KabebHAS U30JIALMS U IIpP.), U U3BECTHBI CBOEH BBICOKOM HA/IEKHOCTBIO,
NPOCTOTON HWCIOJB30BAHUS U AAANTUBHOCTHIO K PA3jIMYHBIM MPOMBIIUICHHBIM MOTPEOHOCTAM. DBOJIOLHSA
STHX YCKOPHTEJNEH MPOCISKUBAECTCS OT paHHUX MoJiesiel MOIHOCThI0 20 KBT 10 COBpeMEHHBIX BEpCHHA, 10C-
TuTaromux MommHocTe 10 100 kBT, 1 gaxke yHUKaIbHOH MammHEI MOIIHOCTHIO 400 KBT. ABTOpamMu 006CyX-
JTACTCSl MHTETPalysl aBTOMATU3UPOBAHHBIX CHCTEM H CIICIHAIH3HPOBAHHOTO 000PYI0BaHUS, KOTOPEIC TIOBBI-
ratoT 3G PEKTUBHOCTh U Ka4ECTBO PaJIHAIIHOHHO-XHMHUYECKHX TporeccoB. OOIacTH MPUMEHEHHUS BKIFOYAIOT
UIMPOKUIL CIIEKTP oTpaciieil NPOMBIIIICHHOCTH, OT TEIEKOMMYHUKALUI 10 SAEPHOM SHEPreTHKH, I Haexk-
HOCTh B CYpPOBBIX YCJIOBHSX HMEET peliaroiiee 3HaueHrne. HecMotpst Ha mpomnuisie npoOieMbl, TakKhe Kak 9KO-
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HOMHYECKHE MOTPSCEHUs, IPOU3BOJACTBO yckopuTened ELV mponoiskaer nmporserars, 0 BceMy MUPY I10-
ctaBieHo Oosee 220 enuHun. MHCTUTYT cOCpenoTOUEH Ha MPOJIBM)KEHUH 3THX TEXHOJOTHUH Ui YIOBIETBO-
peHust Oyaymux NoTpeOHOCTEH.

Knioueswvie crosa: yckopurenu DJIB, yckopuTenu 31eKTPOHOB, IPOMBINIICHHBIE YCKOPUTEIH, CIINUBKA.
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