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Presented a number of electron-beam technologieis, possible to implement by high-perveanced
plasma source of charged particles. A dischargecstre of high-perveance source that can form edecand
ion beams, with parameters satisfying presentelahniglogies.

Introduction . By now the electron-beam technologies found quiidely used in various industries.
This has stimulated the development of electromcgs) implementing a wide range of technologicahpeters
that differ in power, current density, operatingdes, gas-dynamic conditions. The variety of requnéets to
technological electron beam cannot be realizedhénsburces of the one type. The most widely usedhaee
main types of electron beam sources — electrorceowith thermocathode, sources based on high-volgtaw
discharge, and plasma electron sources [1].Thigpapresents the construction of high-perveancsenma
source of charged particles based on a dischargmssed E x H fields, to implement a wide rangele€tron
beam technologies.

Fig. 1 shows the construction)(and electrode structurb)(of plasma electron source that implements
principles of the emission current due to creatiogditions for the switching without axial plasnmaémogene-
ity restricted in extraction efficiency over thedwn electron sources based on the hollow cathdde [1

The discharge is excited in the space between dtieodes 1 and 2a) (region I, in Fig. 1b). The
plasma-forming gas is fed into the space betwethrodas and the pressure differential, provideddxyngetry of
the emission channel. The emerging in the dischaegeeen the cathode plasma diffuses into the megfiche
emission channel. It is promoted by additional etmes 3 and 4 (with anode or intermediate pote{@i,
which serve as the emitter electrode (see. FigiraEting electrons carried out of the emissionnecieh in the
emitter electrode with anode (or close to it) patdnThe presence of a magnetic field almostfal ¥olume of
the discharge structure facilitates to efficiens ganization. In this electrode structure excludles initiation
stage of the discharge, which is reflected in tirenfof current-voltage characteristics (see. Fig).1

a— 1 — plasma source; 2 — magnetic lense; 3 — case
b — 1 — outlet cathode; 2 — inlet cathode; 3 —andd- emitter electrode;
5 —sMHUCCHOHHBIN KaHAIT; 6 —yCKOPSFOLINI 3EKTPO;
Uy — discharge voltagel,. — accelerating voltag®, — ballast
resistance B — magnetic induction
¢ — gas puffing, mPe’/sec: 1 2,8 2,4 -1,7 3-1,25
Fig. 1 — Plasma electron source:
a — construction; b — electrode structure; ¢ — aurkltage characteristics

Fig. 2 shows the typical characteristics of thereseuThe main advantage of this source is the vaeak
pendence of the emission current from the pressute 0.3 Pa (fig. 2, ¢). This feature is impleneghas due to
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the special electrode configuration of the disckacgamber, and due to the additional self-stalitinaof the
electron beam parameters by inclusion resistandggezralectrode chain with respect to anode [2jué 2, d,
are presented current density distribution and pademsity of the electronic starting over the cresstion.

Analysis of distributions indicates that the maximpower densitiey__, =10° W/n? and the effective di-

ameter of the electron beam (defined at ], ) corresponds to typical values of the power dgnsitthe

electron beams used for electron beam weldingT8]s fact and appearance of and the gas charaateris
show the possibility of using this source for walgli including materials with high gas separationmyheat
treatment [3].
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a — emission characteristic: accelerating voltag&\18
gas puffing 1,5 mP&n*/sec; pressureaP1, 2 — 0,04; 3-0,1; &, kOhm: 1 -0; 2, 3 - 1;
6 — current-voltage characteristic: gas puffing hBdm®/sec; discharge current QA2
gas pressure,aP1 — 0,04; 2 — 0,18 — gas characteristic: accelerating voltage 16das, puffing 1,5 mPe/sec;
Re2 , KOhmM: 1-0;2-0,5;3-1;
d — current density distribution and power dendistribution over the beam cross-section:
accelerating voltage 18 kV; gas puffing 1,5 mP#sec; current discharge 0A2
emission curren®,084; R, , kOhm: 1 -1; 2 -0,5;3 -0
Fig.2 — The main characteristics of plasma electaurce 4, b, c, d) and beam appearance
in process of welding different materials (e, f)
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Applications

Listed above characteristics suggest the posgilzfiplication presented the plasma source forrthe i
plementation of the "classical" welding technologythe same time the traditional application afatton beam
welding (EBW) usually involves getting deep keyhpknetration to great depths (up to hundreds dfmait
ters). However, there are many variants of prodties are not necessarily getting keyhole weldguireng a
very high quality. It is a product with high qugliand reliability of welded joints, as well as ttietails of the
high-purity and high level metals. Here are somengxes of possible use of presented electron source

1. An electron beam melting of highly active metals

One of the traditional electron beam technologseiselting of highly active metals, which are neces
sary to conduct in a vacuum. When this beam loatbfaeaches 90% [1]. When metals and alloys areslting
dirt and metal fumes removed out of them get iti® EB gun, in the case of an incandescent cathibags
quickly fail. Practice has shown that for metalioed processes associated with intense evaporistiadvisable
to hold guns with plasma source of electrons.

Because highly technological waste metals (ziramnititanium, niobium, etc.) by remelting can obtain
homogeneous casting structure, which are suitableefise, such as the target cathodes. As a nidterthe EB
remelting zirconium turnings (Tm = 1855 ° C) aitdrtium (Tm = 1668 ° C) are used. Practiced manufatg
methods for creating new and regeneration of usditbdes by EB remelting - targets for magnetron e
uum arc sputtering systems from pure Ti, Zr, Hfafd Zr alloys with Cr, Al, B, Mo, etc., from scrapd turn-
ings.

2. Management of spent nuclear fuel (SNF)

Analysis of available data on the shelving struesuior wet and containers for dry near-stationasjer
of spent nuclear fuel says that for these purptEsegthy tube from stainless steel of thickness5Gbmm with
high boron content. Tubes are manufactured by meérlectron-beam or laser welding. Using shelvith
packed arrangement pitch pipe allows to place &oed safely in pools a considerable amount of spaclear
fuel.

3. Create a high-superconducting resonators

Work is underway to create a high-superconductimpiom RF 1.3 GHz cavities by electron-beam
welding (Fig. 3,8). Microwave resonators from very pure niobiumdbarged particle accelerators can be made
only with the use of electron-beam welding. EBWgass ensures the preservation of the original niégél
purity in weld joint, as well as the required getryp®f welded joints: full penetration weld with ehd e2 width
of not less than 4 mm (FigurelR).

Fig. 3. 1,3 GHz single-cell niobium cavity microvea @) and studied the geometry of the weld); (
1 — the main metal; 2 — weld joint

Manufacturing technology of microwave resonatore ased for most large-scale construction and
planned currently charged particle acceleratorduding half-cell cavity stamping, welding them &tiger, as
well as other design elements. The most responsibfeis the welding of the two half-cells at tlggi@or. Upon
receiving the welded joints of the microwave resormhigh demands are made to the geometry of jeeits
and metal chemical purity of the compounds, whishllsnot be less than the starting niobium. Thietas the
key to saving the superconducting properties dbimim high purity is achieved by etching welded exdgefore
welding in the acid mixture, with compliance of pyiduring storage and transportation of parts tefeelding.
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Obtaining the required geometry of the weld whendimg components Nb microwave resonators is mot a
easy task and requires a detailed study of théigethip between the EBW regime parameters andsaehdr-
acteristics. However, there are publications shgvabout obtaining of defects in welding equatorf-balls,
including the production of cavities in series witkhaust welding conditions [4].

Presented plasma source has characteristics thattal realize a wide range Electron Beam technglog
makes it a quite universal technological equipment.
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