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Introduction 
 
Over the last thirty years, the finite element method has 

been established as a powerful and widely employed 
numerical technique for solving electromagnetic problems. 
A very vigorous activity has been recorded in the area of 
applying the finite element method [1-3] for various 3-D 
electromagnetic field computations promoting this method 
as the most powerful and versatile numerical technique not 
only for electromagnetic analysis, but also for applications 
which span wide range of different engineering disciplines. 

Electromagnetic devices have their behavior governed 
by the electromagnetic fields which flow in them. These 
fields obey Maxwell's equations, therefore, in order to be 
able to predict performance characteristics, it is necessary, 
in the course of design of these devices to solve the 
Maxwell equations describing the field. Differential form 
of the Maxwell equations has made electromagnetic field 
computations a heavily mathematically oriented discipline. 

Fortunately, with the advent of the computers and the 
subsequent advances in computing power, storage devices, 
as well as developments in numerical techniques, it is now 
possible to use simple numerical approximation schemes to 
solve large-scale problems within reasonable time limits. 
In the real world, involving complex geometries and 
numerous electromagnetic configurations, numerical 
schemes yield by far more accurate solutions than their 
classical analysis counterparts. Nowadays, modern trends 
in electromagnetic field computations are almost entirely 
based on these numerical schemes.  

Real numerical methods can be broadly divided into 
three separate groups: integral methods, differential 
methods, and variational methods. The most important and 
widely employed variational method today is the finite 
element method. Today, the finite element method is 
widely established procedure for analysis, optimization and 
design of electromagnetic devices and a large portion of 
modern CAD/CAM/CAE modules or expert system are 
partially or entirely based on this method.  
 
Creation of EOS construction model 

 
ANSYS/Emag 3D (ANSYS Inc.) software package, 

based on finite element method, was selected to simulate 
electric field of EOS. EOS modeling process consists of 
following stages: creation of libraries of electrode models 

and presumable electron trajectory models; overall EOS 
model assembly; marking of zones with different number 
of finite elements and creation of finite element mesh; 
setting electrode potentials; electric field calculation and 
saving results to data files. 

 
Fig. 1. EOS construction model 

 
Fig. 2. Presumable electron trajectory approximated using eight 
cylinders 
 

EOS construction model consists of several separate 
electrodes. In this case, EOS is composed of seven 
electrodes – cathode, modulator, first accelerating 
electrode, first focusing electrode, second accelerating 
electrode, second focusing electrode and anode. Such EOS 
is shown in Fig. 1 and Fig. 2.  
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Fig. 3. EOS modeling algorithm 

 
EOS electrodes during finite element method modeling 

are approximated using basic geometrical shapes 
(cylinders, rectangles, cones, etc.) with the help of logical 
operations. Then resulting overall electrode construction is 
saved to IGES file (Fig. 3). This format is widely used to 
describe dimensional structures in automated design 
systems (AutoCAD, SolidWorks, etc.). 

Presumable electron trajectory zones were selected in 
order to reduce the calculation span. It is obvious, that 
electron trajectories exist only in electrode aperture 
regions. Thus presumable electron trajectory zones (central 
and side) are approximated using eight connected cylinders 
(Fig. 2, Fig. 4, Fig. 5). Parameters of cylinders, used to 
describe presumable electron trajectory, are shown in 
Table 1. Joint cylinder structure (Fig. 2) is saved to IGES 
file. Thus EOS separate electrode and presumable electron 
trajectory zone libraries are created. This library can be 
modified and complemented at any time. 

Joint EOS model is designed by placing needed 
electrodes and presumable electron trajectory zones into 
appropriate dimensional coordinate system. Therefore 
there is a possibility to model any asymmetry of EOS, for 
example, electrodes can be shifted or rotated in respect of 

x, y, z axes. Asymmetric EOS construction model, when 
modulator is shifted ∆x=0.035mm and ∆y=0.035mm is 
shown in Fig. 6.  

 
 

Table 1. Parameters of side presumable electron trajectory 
Presumable 
electron 
trajectory 
cylinders 

Beginning 
of 

cylinder 
Z, mm 

Cylinder 
radius,  

mm 

Cylinder 
length, 

mm 

Mesh 
spacing, 

mm 

1 cylinder 5,495 0,254 0,125 0,0179 
2 cylinder 5,620 0,254 0,870 0,0512 
3 cylinder 6,490 0,672 1,220 0,0938 
4 cylinder 7,710 1,700 5,260 0,3507 
5 cylinder 12,970 2,275 5,400 0,3600 
6 cylinder 18,370 2,275 11,000 1,2222 
7 cylinder 29,370 2,275 6,300 0,2520 
8 cylinder 35,670 2,275 5,180 0,3453 

 
Macro commands were written using ANSYS APDL 

programming language in order to speed up model 
creation. Complete EOS model is written to a specific “All 
1 file COMB” file (Fig. 3).  
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Fig. 4. EOS central electron trajectory model (section y=0) 

 
Fig. 5. EOS side electron trajectory model (section y=0) 

 
Fig. 6. Asymmetric EOS side electron trajectory model  

 
Creation of finite element mesh 

 
Finite element mesh was created using tetrahedral finite 

element SOLID123 [4]. Finite element mesh spacing was 
determined for each zone individually in order to speed-up 
calculations. Main reason for such choice was the lack of 
computer resources (calculations were performed using 
computer with 1.5GB of random access memory and 
3.0GHz processor). Small mesh spacing is defined in 
cylinders, which approximate presumable electron 
trajectories. Spacing for zone it is selected according to 

Table 1 and created mesh is shown in Fig. 7. In other 
regions of EOS model mesh spacing is defined as large as 
possible (possible size is determined by ANSYS finite 
element mesh generator). Mesh is not created in EOS 
electrodes. 

EOS construction has two symmetry planes (X0Z and 
Y0Z), so electric field potential and strength is calculated 
only for two cases – for central and for one side electron 
trajectory traces. In first case, finite element mesh with 
small spacing is created in cylinders, which approximate 
presumable electron trajectories in the center of EOS (Fig. 
4). In second case finite element mesh with small spacing 
is created in cylinders, which approximate presumable 
electron trajectory zones in one side of EOS (Fig. 5). 

 
Fig. 7. Finite element mesh (view from above) 

 
Fig. 8. Finite element mesh (view from above) 

 
Completed finite element mesh is shown in Fig. 8. It is 

composed of 0.8 million tetrahedral finite elements. 
Completed mesh is saved to specific ANSYS “All 1 file 
COMB” file (Fig. 3). 

 
Electric field calculation 

 
Vacuum is a linear medium for electric field, i.e. if one 

electrode potential is increased by n times, electric field, 
created by this electrode, changes in the same way. 
Considering this factor we can greatly speed-up calculation 
of electric field if EOS construction is not modified and 
only electrode potentials are changed. In this case, EOS 
electrode partial electric field database is created. It is 
created in such way: potential of one electrode is chosen 
equal to 1V, while potentials of other electrodes are 0V and 
these potential values are saved to specific ANSYS “All 1 
file COMB” file (Fig. 3). Later 1V potential is assigned to 
the second electrode, while potentials of other electrodes 
are 0V, and etc.  
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After performing electric field calculations results are 
saved to text file (Fig. 3). Such information is included in 
file: node numbers of finite element mesh, its coordinates 
x, y, z, electric field potential and electric field strength 
electrode Ex, Ey, Ez values of each node. In this way seven 
data files are created, which will be partial electric field 
files for particular EOS, irrespective to electrode 
potentials. These text files are transferred from 
ANSYS/Emag program to MATLAB program, for 
calculations of electron trajectories in electric or hybrid 
field and for solving electron focusing problems.    

 
Fig. 9. Distribution of potential in section y=0 
 

The value of real field at any point is found while 
multiplying partial electric field data by real voltage values 
and summing influence of all electrodes. Real potential 
distribution for side electron gun in horizontal (y=0) 
sections, calculated in this way, is shown Fig. 9.  

Conclusions 
 

In order to describe EOS construction, creation of 
electrode and presumable electron trajectory library in 
IGES format is advisable. After completing analysis of 
finite element mesh creation it was concluded, that finite 
element mesh spacing should be between 0.016mm and 
1.225mm subject to presumable electron trajectory zone.  

It was managed to reduce significantly calculation span 
with the help of EOS electrode partial field database. After 
performing electric field calculations with real potential 
values and also with 0V and 1V potentials, it was 
concluded, that calculation precision had not decreased.  

Macro commands were written in order to assemble 
construction model from separate electrodes and 
presumable electron trajectories, to create finite element 
mesh, to set potentials in electrodes, to calculate electric 
field and to save results.  
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surinkimo, baigtinių elementų tinklelio sudarymo, elektrinio lauko skaičiavimo ir gautų rezultatų įrašymo  į failus makrokomandos. Šie 
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Created electronic optical system model is based on finite element method. Libraries of electronic optical system electrodes and 
presumable electron trajectories were made. Analysis of finite element mesh creation was completed and finite element mesh spacing 
was determined in the zones of presumable electron trajectories. Tetrahedral mesh was created. Partial electrical field calculations and 
electrical field calculations with real potential values were performed. Macrocommands for overall electronic optical system 
construction assembly from separate electrodes and for writing electrode potential and electric field strength values to files were created. 
These files will be later used in MATLAB program for calculation of electron trajectories in electric field and for solving electron 
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Применяя метод конечных элементов, создана модель электронной оптической системы. Cозданы библиотеки электродов 
и возможных электронных траекторий электронной оптической системы. Bыполнен анализ создания сетки конечных 
элементов и определен шаг сетки конечных элементов в зонах с предвиденными траекториями электронов. Создана 
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