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Simple and compact design of prototype electron beam welding machine is presented. The instrument allows welding of 

typical materials as metals and alloys. It can be used also for surface melting of insulators like glass and ceramic. Electron 
beam source uses hollow cathode of 20 mm diameter and operates in the pressure between 0.001 to 0.1 Torr of noble gas, with 
the work-piece positioned at 30 mm distance from the cathode. Focussing of the electron beam is provided by curvature and 
shape of the cathode surface. No magnetic focussing is provided. Applied voltage to the cathode is in the range 1 – 3 kV, so the 
energy of electrons is much lower than in conventional electron beam welders. 

The presence of working gas in the chamber and the occurrence of accompanying glow discharge allows for surface charge 
neutralization. This causes that the electron beam can bombard insulating materials.  

The prototype construction of welder does not require complicated and expensive pumping system. In order to obtain a 
necessary vacuum, sufficient is rotary vane pump. A simple construction of the electron gun design makes it very cheap. 

We will present some examples of the use of the welder for making of wire thermocouples, welds of small pieces up to 0.4 
mm thick sheet metals like as: Al, Cu, Ag, Ni, Fe or their alloys. In addition, we will show the results of  bombarding the surface 
of different types of glass (sodium borosilicate and quartz) and alundum ceramic. 
 
Introduction 

The electron gun is the primary part of many 
instruments employed in industrial and monitoring 
processes (welding, lithography, physical vapour 
deposition, irradiation/sterilization, microwave RF 
devices, electron microscopes, linear accelerators 
etc.). As a rule, thermionic cathodes emitters are 
used in electron guns used for electron beam 
welding [1, 2]. Wire emitters are simple, but they 
have low operation time and stability. Beside 
thermionic, hollow cathodes are also frequently 
applied in electron beam guns [3, 4]. This type of gun 
has longer life as compared with that of hot material 
cathodes. Hollow cathodes are also used in recently 
constructed pseudo-spark (PS) discharge sources [5, 
6] which can produce electron beams with the 
highest combined brightness and current density of 
any type of electron source. These e-beam guns, 
have potential applications in microwave generation, 
electron beam melting, welding, surface treatment, 
plasma chemistry, radiation technologies, laser 
pumping etc.  

Typical e-beam guns used in electron beam 
welding machines are characterised by a power of 1 
– 2 kW over a small surface area. This power, 
corresponding to 25 keV beam energy and 50 mA 
beam current, is usually sufficient to weld typical 
work-pieces.  Electron guns used in linear 
accelerators are characterised by power up to 100 
kW with beam energies 10 – 100 keV. 

Relatively less developed are compact e-beam 
guns. Such e-beam guns were recently constructed 
[6, 7] for application in various industrial processes. 
These sources are used in particle accelerators and 
electron beam welding machines. 

Simple and compact design of prototype electron 
beam welding machine is presented. The instrument 
allows welding of typical materials as metals and 
alloys [6, 7]. It can be used also for surface melting 
of insulators like glass and ceramics. Electron beam 
source uses hollow cathode of 20 mm diameter.  The 
cathode is assembled in a quartz glass tube casing 
and operates in pressure between 0.001 to 0.5 Torr 

of noble gas, with the work-piece positioned at 30 
mm distance from the cathode. The optimal pressure 
of noble gas for welding process is ca. 0.3 Torr. 
Before welding, during focusing of the beam, the 
pressure should be less than 0.25 Torr. Focusing of 
the electron beam is provided only by curvature and 
shape of the cathode surface. There is no external-
guiding magnetic field applied to the drift space. 
Applied voltage to the cathode is in the range of 1 – 
3 kV, so the energy of electrons is much lower than 
in conventional electron beam welders [1, 2].  

Low vacuum electron beam welder, is equipped 
with sight viewports and x, Θ manipulator to move 
and rotate the welded piece, colour TV camera and 
TV monitor for viewing the detail before, during and 
after the welding process. The welder consists of 
high voltage electron gun supplier. The electron gun 
is movable. The vacuum chamber volume is approxi-
mately 5 liters. 
 
Experimental 

The first step is to place the welding object inside 
vacuum chamber on the manipulator. Then, with 
closed dosing valve, chamber is evacuated to a 
pressure of less than 0.1 Torr. Pumping down takes 
about 3 minutes. Then, we dose noble gas (the best 
is argon) to a pressure of approximately 0.1 Torr, 
and we turn on the power supply, and gradually 
increase the voltage up to - 800V. In these conditions 
electron beam should be visible. Turning the 
manipulator holder to the initial point of welding work-
piece. After this, the pressure of gas should 
increased to optimal value for welding process. Then 
we start the process of welding. During the process 
we rotate or translate the work-piece. After the 
welding we wait a few minutes until the ambient 
temperature is reached and fill the chamber with air 
or argon, depending on kind of material welded. 
Then the work-piece can be removed from the cham-
ber out. 
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Electron beam welding of aluminium 
In the classical electron beam welders, aluminium 

usually doesn’t weld, because of the rapid evapo-
ration of the material. Additionally, the vacuum 
chamber is contaminated by evaporated aluminium. 
We tried our technique of electron beam welding for 
aluminium wire rings of 2 mm diameter. Satisfactory 
results were obtained and the chamber was not 
contaminated. It was possible because the tempe-
rature of welding process was only a little higher than 
the melting point of aluminium (933.5 K). 
 

 
Fig. 1. Schematic diagram of electron beam welding 
instrument. Gass bottle (B), leak valve (ZD), reducer (R), 
vacuummeter (PR), chamber (K), air valve (ZZ), electron 
gun (W), vacuum- tight connector (P), electron beam (WE), 
work-piece (D), power supply (Z), rotary pump (PO), valve 
(ZO) 
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Fig. 2. Electron beam current vs accelerating voltage. The 
pressure of Argon is a parameter  
 

 
 

Fig. 3. Electron beam trajectories visible through the 
viewport. Ionised gas glows pink. 
 

 

 
 
Fig. 4. Nickel-chromium alloy tape and copper tape welded 
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Fig. 5. Power of electron beam versus Argon pressure in 
the chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Stainless steel pipe welded to bellow 
 
 
Electron bombardment of dielectric 
materials 

A characteristic feature of low vacuum electron 
beam welding is possibility of electron bombardment 
of dielectric materials. This feature is unavailable in 
conventional electron beam welders, because of 
charging effect. During low vacuum electron beam 
welding, the charging effect is eliminated due to 
compensation of charge build-up by positive working 
gas ions.  

We bombarded by electron beam insulating 
materials: aluminium oxide, silicon oxide and several 
kinds of glass.  

In the case of glass bombardment the following 
processes occur: For a soft glass with a high sodium 
content during electron bombardment the melting 
process is very quick, due to rapid electrolysis. As a 
result, the glass foams and sprays. There is possi-
bility of  arc ignition in sodium vapours. Harder 



 

 

338 
 

Секция 6. Оборудование и технология 

 
10-я Международная конференция «Взаимодействие излучений с твердым телом», 24-27 сентября 2013 г., Минск, Беларусь 

10th International Conference “Interaction of Radiation with Solids”, September 24-27, 2013, Minsk, Belarus 

glasses are less prone to foaming and spraying. 
Quartz glass could be only melted. 

 

 
 
Fig. 7. Melted aluminium oxide after electron beam 
bombardment 
 
Summary 

During the process of low vacuum electron beam 
welding the energy of electrons is lower than the 
energy of electrons in the classical electron beam 
welding equipment. The classical electron beam 
welding can not always be used to weld of small 
work-piece details. Sometimes it’s impossible to 
reduce the electron beam energy because of poor 
focusing in the conventional electron beam welding 
machines. 

Low vacuum electron beam welding technique is 
well suitable to several niche products, such as 
thermocouples or aluminium seals. It also allows to 
treat the surface of dielectric materials, which is not 
possible using classical electron beam welding 
technique. The costs of low vacuum electron beam 
welding process are very low.   
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