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COMPUTER SIMULATION OF STATIC ELECTRON BEAM ENERGY ANALYZER
USING IBSIMU PACKAGE

DMITRY OKUNEV
Polotsk State University, Belarus

The possibility of computer simulation systemslefteon and ion optics by means of the open source
computer code IBsimu was considered. The resulte et and their analysis was carried out withire th
applied task of restoring the values of the inigakrgy of beam electrons.

There are many simulation packages that allow thlatien of problems of electron optics and, in
particular, to carry out the simulation of processé extraction and transportation of electron @ndbeams
from plasma sources. Possibilities and methodkexfd packages differ markedly. Many packages areajzed
in academic institutions, while others are onlyikde on a commercial basis. All of them can bad#id into
three groups [1] :

a) A computer code includes simulation of appeagard disappearance of charged particles in plasma;

b) a computer code that allows to calculate thgedtaries of charged particles (i.e., provides an
exceptional opportunity to solve the problem ot#ien optics);

c) a computer code with a simplified model of plasmhich gives the opportunity to solve the probtefrof
extraction of electron and ion beam from plasmaicgoand the problem of its further transportatioays, etc.

Plasma simulation packages often use methods dfncmus media (hydrodynamic), or the so-called
method of “particle in cell” (particle in cell (P)Cintegration methods of Monte Carlo or hybrid haets. The
development of plasma models is very time consuraimdjcalculations take a lot of computer time.

Packages that build trajectories of charged pagijgbroviding a solution to problems of electrod @m
optics, often work within the formalism of transfeatrix method. Moreover, the packages are absolee the
problem of associated arbitrary electric and magretlds calculation. The most well-known examptdghis
group of packages include the following: Simlon,b@am Vector Fields and Integrated Engineering Sarftw
Lorentz. These packages have broad opportunitigsgre spread only on commercial bases.

The third group, i.e. packages allowing to extlzeams of plasma sources with restrictions are RBGu
and IGun (work in two-dimensional and cylindricalymmetric geometry, allowing to simulate plasmarses
of positive and negative ions), Kobra-INP (workghathree-dimensional geometry and extraction frdasma
positive ions). The disadvantages of these packatges include their commercial nature. Package niBsi
which belongs to the same group, but which is ithisted freely, was used in this research.

IBSimu — lon Beam Simulator package was developdkdeaUniversity of Jyvaskyla, Finland, Kalvasom T.
(T. Kalvas) and posted on the Internet for pubticess [2] under the GNU General Public License (GPhis
package is a library of classes and methods, whiglritten in the programming language C++ andvisilable
for use under the operating systems Linux and Wirsdo

The main feature of this package is to calculate #hectrostatic field and potential distribution
determination by solving the Poisson equation ¢lineans of finite element method. One-, two- anugetely
three-dimensional tasks are available. The desonijgtf the distribution of space charge of the bguarticles in
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position vectors and velocity space, taking intocamt independent magnetic field is considereddbyirsg the
Vlasov equation (2).
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A simple electrostatic energy analyzer for electbpeam extracted from the plasma source was sindulate
in this research by means of IBSimu package. Dedp#& simplicity of such a device, its manual cltion is
nevertheless difficult even for classical geometfyplanar capacitor. Boundary effects are comptbgijr role
can be reduced by increasing the length of therelges and reducing the distance between themr3jase if
the shape of electrodes is different from flat aces, and an electrostatic field between them fsuniform,
analytical calculation becomes generally impossibhel the task requires a numerical solution.

The simulation was performed in a two-dimensioredrgetry of two cases - an electrostatic field which
was close to homogeneous (planar capacitor) andnlammogeneous electrostatic field generated by the
electrode with a tip. The length of the simulatieolume was chosen similar to the volume of the beam
extraction camera in a real setting. Feynman amitidét’s boundary conditions were used and the enical
tasks decomposition grid parameters were chosehebasis of two factors: special considerationtheftask
and at the same time the use of little computerutation time.

The results of the simulation of electron beam ssjm by the electrostatic field between two flat
surfaces are shown in Figures 1 and 2.
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Fig. 1. Passing of electron beam through the dedleqotential difference of 100 V. 10,000 partgle
with average energy of 400 eV and beam currentiyeof0.05 A / m2. The beam is red, the electrodkthe
deflection system are blue, equipotential linethefelectrostatic field are green

The simulation results of the electron beam sefmarahhomogeneous electrostatic field are shown in
Figures 3 and 4.
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Fig. 3. The passage of an electron beam througinamform deflecting electrostatic field. The pdieh
difference between the electrodes is 200 V 10,G0€igles with an average energy of 400 eV and beament
density of 0.05 A/ m2. Beam is shown in red, tleeteodes of the deflection system — blue, equiptidélines
of the electrostatic field — green
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Fig. 4. The dependence of the electron energyegireddes potential difference
for selection in the aperture of Faraday cup

Computer simulation IBSimu package is a powerfull aavailable tool for solving problems of
electrophysics, connected with transportation ofirghd particle beams. In this research the sinwulatif
electrostatic analyzer with two different electredeas carried out. The shape and position of thetreldes can
be randomly chosen, so that the solution of th@blgm may be optimized depending on the real cmmdit
available in the electron gun.
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THE METHODS OF FUNCTIONAL COATINGS APPLICATION ONTO FLAT SEALING SURFACES
OF THE STOP VALVES PARTS

ALEXEI PIROGOV, VICTOR DANILOV
Polotsk State University, Belarus

The actuality and effectiveness of the stop val@s-part reclamation are presented. The resultthef
comparative analysis of the known techniques ofegtve finishing onto the sealing surface for eahservice
properties restoration are given. The classificatiof anti-abrasion coating application methods ajien
depending on their properties and characteristieactors and conditions influencing the abrasionistnce of
the coating material and its adhesion with the ddiase material are defined. The usage of thezireg out
coating process onto the flat sealing surfacesiefstop valves parts are shown.

In practice the service life of the stop valvestpas frequently less than the standard one, what i
predetermined by many reasons, namely, by stifteninoperation conditions: the increase of tempeeaaind
working medium (water, steam, drilling and boreenhfhliids, natural gas, hydrocarbon oils), its ceive power.
Due to the high rate of the working medium vibrgintsive loads, cavitation and flowing section eletse
erosion of valves emerge, against this backgrountligh temperatures such damaging factors as aferasi
erosion and mechanochemical wear intensify.

The current concern lies in the issue of increasiveg durability of the stop valves used in pipeline
transportation systems (oil-and-gas, heat-and-poveance their insufficient endurance capabilityh dae the
reason for the environment pollution, increasessttape of repair-and-renewal operations, partsrspack.

Special importance is paid to the matter of pipelmalves parts service life improvement in the eesf
the used materials and know-how. This can be exéetpby prefabrication of parts with sealing swda from
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