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The work is devoted to exploring the determining possibilities of the high-power technology 
electron beams parameters by the beam glow image on the residual gases in the vacuum chamber. 
Digital camera is used to make images in the visible spectrum.  

The method is established to be used to determine the position of the beam focal plane, as well as to 
identify power density distribution characteristics. The beam parameters for electron-beam apparatus 
with energy complex ELA 40I with an electron gun measurements results are shown.  

The proposed method of estimating the electron beams parameters can be used for the process 
equipment operation controlling, for example, to assess gun alignment accuracy and the cathode state by 
the distribution of power density. Furthermore, the obtained dependence of the beam parameters on the 
electron gun operating mode can be used for selecting process parameters to reduce the amount of work 
on welding conditions experimental development.   

Oценка на параметрите на технологичен електронен сноп на базата на оптичната 
радиация във вакуум (Алексей Гончаров, Виктор Драгунов, Андрей Слива, Максим Портнов, 
Алексей Щербаков, Иван Чулков). Работата е посветена на  изучаване на параметрите на 
мощен технологичен електронен сноп по светенето на остатъчните газове във вакуумната 
камера, заснети с дигитална фото-камера. Предложения метод определя позицията на 
фокуса на лъча, както и характеристиките на плътността на мощност. Показани са 
резултати за електроннолъчева апаратура с енергиен комплекс ЕЛА401. Методът на оценка 
параметрите на лъча за управление на работата на оборудването, например за оценка  
точността на юстиране на пушката и състоянието на катода по разпределението на 
плътността на мощност.   Нещо повече- получената зависимост на параметрите на снопа 
от режима на електронната пушка може да се използва за избор на параметрите на процеса 
и намаляване на експериментите по уточняване на заваръчните условия.  

 

Introduction 
One of the main applications of the electron beam 

in the material processing technologies is electron 
beam welding (EBW). This method allows 
connecting materials which thickness varies from a 
few tenths of a millimeter to several hundred 
millimeters with minimized thermal impact, while 
the spectrum of welded materials is very wide - from 
steel of different structural grades to light, color and 
refractory materials and their alloys [1]. 

The electron beam used for EBW as the process 
tool has a number of parameters to be provided for 
obtaining the welded joint with the desired 
characteristics. The main of these parameters are the 
beam diameter in any section, the position of the 
beam "focal" plane, and the power density 

distribution in the beam cross section. The value of 
these parameters in the implementation of the 
welding process determines both the size and shape 
of the melting zone, and the occurrence of specific 
defects probability in welding EBW [1 - 3] . 

Electron beam parameters study methods can be 
divided into theoretical and experimental. 
Theoretical methods are based on calculation of the 
electric and magnetic fields in the generation and 
beam transport area and the subsequent calculation 
of particle trajectories forms in the received fields. 
Besides particle trajectories the energy distribution, 
speeds, spatial coordinates and other parameters 
directly related to the electrons emitted by the 
cathode are studied. [4, 5]. 

The main difficulty in the implementation of 
these methods is the calculation of trajectories in real 
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fields created by electron gun electrodes. Besides, a 
separate extremely complicated task is a real fields 
calculation with all the design features of the 
electrodes and the electron gun and taking in account 
the condition of the cathode emitting surface. 
Theoretical studies of beam parameters are carried 
out either by using an analytical approach, in this 
case simplifying model assumptions would have to 
be introduced inevitably, or numerically. In the latter 
case, the solution and study of complex models may 
require significant computing resources comparable 
with complexity of experimental studies. 

 Experimental investigation of the real electron 
beams parameters are usually divided into direct and 
indirect. Indirect methods are based on detection and 
subsequent analysis of various kinds of signals from 
the beam expansion field [6, 7]. 

Experimental technique 
To estimate the parameters of the electron beam 

technology used for welding purposes, in this paper 
we propose to use indirect contact detection method 
based on the fixation light emission from transport 
area with the camera and on the subsequent image 
processing. Using this method is proved by the fact 
that technological electron beams are used in the 
residual gas pressure of the order of 10-1 ... 10-3 Pa in 
the vacuum chamber permitting to record light 
emission without additional gas injection in a vacuum 
chamber. The main difficulty of registering emission 
beam in real EBW is a significant difference between 
the brightness of weld metal vapor glow and molten 
metal heat glow and the brightness of the beam glow 
on the residual gases of the vacuum chamber. Such a 
range of brightness cannot be placed in the dynamic 
range of the digital sensor, so it is necessary to take 
measures to prevent the light emission falling upon 
the recording device from the zone of the beam 
interaction with the material being processed. 

The investigations were carried out at the facility 
with an electron gun and power unit ELA 40I . The 
electron gun is based on a three-electrode circuit with 
indirect heating of the main disc lanthanum 
hexaboride cathode (Fig. 1) 

To obtain the image a digital camera with a long 
lens located outside the vacuum chamber was used. 
Shooting parameters were selected empirically. To 
prevent image illumination with the light emission 

from the zone of the beam interaction with the 
material a special design target was used. The 
photography was performed at the fixed electron beam 
parameters. To determine the scale of the obtained 
image a scale ruler placed it in the camera's field of 
view with a scale of 0.5 mm was shot in the absence 
of the electron beam. 

 

 
Fig.1. The design of the electrons generator of the gun. 

The resulting beam images were processed in a 
graphics editor to improve the perception and the 
original images mathematical processing was 
performed for the quantitative determination of the 
beam parameters. Figure 2 shows photographs of the 
beam after the preprocessing, the image exposure was 
adjusted on 2.5 steps to improve visual perception. 

However, the amount of light from each point of 
the beam fixed by sensor is proportionally to the 
number of  the incident (primary) electron beam with 
a residual gas ions interactions, which in turn is 
proportional to the beam current density at a given 
point . The latter assumption means that the particle 
distribution density of the residual gases in the beam 
expansion space stays even. 

Further, each beam image was subjected to 
mathematical processing in Mathcad environment. 
The idea of this treatment is based on the assumption 
that the brightness of a pixel in the image is directly 
proportional to the light emission having fallen on the 
photosensitive element during exposure intensity. This 
assumption is true in assuming that the characteristic 

 
Fig.2. The photograph of the electron beam (a) before and after treatment (b), beam current is 10 mA, focus current 

is 815 mA, bombardment current is 30 mA; direction of electrons motion from left to right. 
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curve of the sensor is represented by a straight line. 
The study of the real beams photos made it 

possible to reveal some of their features. The blue 
channel is established to be the “strongest”, and the 
image in this channel has the highest contrast ratio, so 
further transformations were performed above the 
image of the blue channel. Furthermore, on the image 
in the blue channel unwanted illumination beam from 
the contact with the target has the least impact. 

It should be noted that in fact the resulting image is 
an integral projection of the detector beam on the 
plane (Fig. 3). Thus, the image contains information 
about the current density distribution in all the beam 
sections parallel to the density detector. 

To recover the information of the current density 
distribution in the whole beam j (x, y, z) or in any part 
of its cross-section j (x, y) at a given z a problem of 
three - or two -dimensional tomographic 
reconstruction has to be solved [8, 9]. To solve this 
problem at least some of the projections of the object 
has to be obtained which in the given shooting 
conditions was not possible, however, even by a 
single beam projection a number of the quantitative 
beam characteristics was able to be identified. 

 
Fig.3. The forming of the three-dimensional distribution on 

the sensor planar surface projection diagram. 

Results of experiment 

The beam is found to have  clear boundaries in the 
converging beam area (Fig. 4) , and the position of the 
boundary does not depend on the exposure magnitude, 
indicating the actual presence of the border, rather 
than its masking due to lack of exposure. 

The "focal" plane position was determined by the 
distance from the gun case edge to the maximum 
brightness of the beam field middle. To determine the 

maximum image brightness region position the 
processing in the graphical editor was performed. Fig. 
5 shows the original image and the image of the beam 
after the treatment, as well as the pixel brightness in 
different sections profiles. Figure 6 shows the focal 
length on the focusing current dependence at a 
constant beam current. 

 
Fig.4. .Larger beam boundary image. 

 
Fig.5. Electron beam in the initial state and after the 
treatment photo; intensity profiles in different beam 

sections ; beam current Ib = 50 mA. 

Fig. 7 shows the intensity of the radiation beam 
integrated projection profiles calculated in different 
sections for the two bombardments of the cathode disk 
current values. The image was taken in the electron 
beam convergent part, the beam current was 48 mA, 
the current focus - 715 mA. This operation mode of 
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the electron gun provided a beam diameter of about 12 
mm in the survey area.  

At a beam bombardment current of 30 mA the 
beam has a distinct dip in the central portion current 
density, wherein the minimum density coordinate is 
shifted leftward on the value of about 1.5 mm.  The 
current being increased to 46 mA, current density 
failure in the central part decreases, while the multiple 
local minima and maxima of the current density are 
being observed. 

 
Fig.6. Dependence of the beam focus distance on focus 

current at a beam current of 50 mA. 

 

Fig. 7. Integrated projection beams Ib = 10 mA , If = 715 
mA intensity profiles (beam image  and cross sections, in 
which the profiles were built, are shown on the right): a - 

the bombing current Ih = 30 mA ; b - Ih = 46 mA 

Conclusions 
The bombing current influence on the power 

density distribution effect can have the following main 
reasons: 

1. Influence of volumetrical space beam charge; 
under certain conditions paraxial trajectories of 
electrons in the cathode are known to be estranged 
from one another under the influence of Coulomb 
repulsion forces. However, this effect is negligible at 
the test beam current value. 

2. Crossover being too close to the cathode, 
whereby the trajectory of electrons in the crossover 
region converge and diverge at greater angles and in 
the anode region in the beam paraxial part  a current 
density decrease is observed. The increase of 
bombardment current increases the primary cathode 
temperature and also the electrons initial velocity 
leading to crossover distancing and current density 
alignment over the cross section. 

3. Planar shape modifying of the cathode surface, 
e.g.  due to ion bombardment. Concave surface in the 
cathode central part also changes the convergence 
angle and crossover position, bringing it closer to the 
cathode, also contributing to the emergence of current 
density minimum in the axial part of the beam . 

Regardless of the real reasons for the downward 
excursion in the central part of the beam, using close 
to the maximum current values regardless of the beam 
current can be recommended to obtain a more uniform 
distribution from a practical point of view. For the 
considered gun the maximum bombardment current 
value is 50 mA. 

Overall, the proposed method of estimating the 
electron beams parameters can be used for the process 
equipment operation controlling, for example, to 
assess gun alignment accuracy and the cathode state 
by the distribution of power density. Furthermore, the 
obtained dependence of the beam parameters on the 
electron gun operating mode can be used for selecting 
process parameters to reduce the amount of work on 
welding conditions experimental development. The 
advantages of the method include the large capacity 
beams diagnostics ability, while probe methods are 
limited by the beam power associated with the probes 
destruction danger. Now experiments on the 
diagnostics of the beams with capacity up to 6 kW 
have been carried out. In the future we plan to 
continue experiments for beams up to 30 kW. 
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