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Introduction

The finite element analysis of any problem involves
basically four steps [1, 2]: discretizing the solution region
into a finite number of subregions or elements; deriving
governing equations for a typical element; assembling of
all elements in the solution region; solving the system of
equations obtained.

During modeling of electronic devices by finite
element technique much of the time is consumed for finite
element mesh generation. It is important to select proper
finite element shape (tetrahedral, hexahedral, etc.) and
their size in different model areas. The precision of
modeled electronic device construction description
depends on the shape of the finite elements and their size.
Number of finite elements (number of finite element mesh
nodes) determine how long it will take to form the system
of equations and to solve it. A problem of generation of
optimal mesh (according to various criterions) emerges
when solving various modeling tasks, for example, during
modeling of electronic optical system (EOS) of colour
picture tubes.

EOS construction model

Modeling of EOS (Fig. 1) is performed by finite

element analysis software package ANSYS/Emag
(ANSYS Inc.) [3-6].
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Fig 1. Colour TV-tube EOS construction model (section x=0 mm)
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Fig 2. Analysis of finite element mesh spacing influence in
presumable electron trajectory cylinders C2, C5 and C7

Modeled EOS consists of seven electrodes; presumable
electron trajectory geometrical model, consisting of eight
cylinders, is placed along the centers of the electrode holes.
[3, 4]. General modeling algorithm of such EOS is shown
in Fig. 2. Algorithm is slightly modified for analysis of
finite element mesh spacing influence on precision of
modeling results.



Finite element mesh generation

Finite element mesh is created using finite tetrahedral
element SOLID123 [3, 4]. In order to increase calculation
speed different finite element mesh spacing is set in
different model zones. “Dense” mesh is formed in
presumable electron trajectory cylinders (Fig 1), and mesh
spacing is set as large as possible in the rest space of the
model. Mesh is not created in electrodes.

Table 1. Parameters of side presumable electron trajectory
cylinders

. . Trajectory cylinder

Trajectory cylinder parameters 2 5 c7
Beginning of Z coordinate in the
global coordinate system Z (C?_Z), | 0,000 7475 | 23,875
mm
Radius (C?_R), mm 0,3675 | 2,2750 | 2,2750
Length (C? LENGTH), mm 0,870 | 5400 | 6,300
Divided (C?_MESH PARTS), 19 15 25
number of parts
Mesh spacing (C? MESH), mm 0,0512 | 0,3600 | 0,4200
Number of planes in cylinder 10 8 13
(C?_SECTIONS), units
Number of circles in the plane 5 5 5
(C?_CIRCLES), units
Number of points in the circle
(C?_POINTS), units 2| 12 n

Finite element mesh parameters for cylinders of
presumable electron trajectory are described in ASCII
format text files and presented in Table 1. In these files
parameter C? MESH PARTS is set for each cylinder (it is
presented in Table 1 for cylinders C2, C5 and C7), and this
parameter indicates into how many segments cylinder will
be divided along longitudinal axis when creating finite
element mesh. Number of segments must always be
uneven. Finite element mesh spacing is calculated in this
manner: C? MESH=C?_LENGTH/C?_MESH PARTS. In
the rest space of calculating model a default ANSYS/Emag
finite element mesh spacing is formed. At first mesh is
created in cylinders of presumable electron trajectory, and
then in the remaining space. Optimal mesh spacing was
determined after completing a series of experiments [3, 4].

Calculation of electrical
cylinders

potential in trajectory

After generation of finite element mesh, respective
electrode electric potential values are set (Table 2). Electric
potential values are calculated at points, which are located
inside trajectory cylinders. Planes are placed inside of
trajectory cylinders perpendicularly to longitudinal axis of
cylinders (Fig. 2). Circles are formed on the planes, on
which points are placed (Fig. 3). Number of planes, circles
and points can be freely changed by user. These numbers
for cylinders C2, C5 and C7 are presented in Table 1.

Table 2. Values of electric potential in electrodes
Elektrodas E1 E2 E3 E4 E5
Potencialas, V | 40 0 400 | 8000 | 400
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Fig. 3. Section placement in the presumable electron trajectory
cylinder C2 (section x=6.604 mm)
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Fig. 4. Placement of circles and points, at which electric potential
values are calculated

Parameters of points, at which electric potential
values are calculated, are defined in ASCII format text
files. Values which are set in file (Table 1):
C?_SECTIONS — number of planes in the cylinder;

C? CIRCLES — number of circles on the plane;
C? POINTS — number of points on the circle;
C? CIRCLES R COEFFICIENT - circle radius

decrement factor. Circle radius must be shorter than radius
of the corresponding trajectory cylinder
(C? _CIRCLES R_COEFFICIENT value can not be higher
than 0,98).

Cl_SECTIONS=(Cl MESH PARTS+1) /2
*DIM, 72, ARRAY,Cl1 SECTIONS,0,0, , ,
Cl_MESH=Cl_LENGTH/C1_MESH_PARTS
TEMP=C1 MESH
*do,1i,1,Cl SECTIONS,1
Z (1) =C1l_Z+TEMP
TEMP=TEMP+2*C1 MESH
*enddo

Fig. 5. Z(i) coordinate array formation for planes, which are
located inside trajectory cylinder C/

Plane coordinate z array Z(i) formation procedure is
shown in Fig. 5, where C1_SECTIONS — number of planes
in trajectory cylinder C/; CI_MESH PARTS — number of
cylinder divisions, CI; CI_LENGTH - length of the
cylinder C1; C1_MESH — finite element mesh spacing,
mm; CI_Z — the beginning of the cylinder C1; TEMP —
coordinate Z variation step. Arrays Z(i) for other cylinders
are created in the same manner.



Cl_CIRCLES=CIRCLES
Cl R STEP=C1 R*C1 CIRCLES R COEFFICIENT/
/ (C1_CIRCLES-1)
Cl_R_PATH_CHANGE=0
*DIM,R,ARRAY,Cl CIRCLES,0,0, , ,
*do,1i,1, Cl_CIRCLES, 1
R(i)=Cl _R*Cl CIRCLES R COEFFICIENT-
-C1_R _PATH CHANGE+0.001
Cl R PATH CHANGE=C1l R PATH CHANGE+
+C1_R_STEP
*enddo

Fig. 6. Radius R(i) array formation for circles, which are placed
on planes

Circle radius array R(Z) formation procedure is shown
in Fig. 6, where: C/_CIRCLES — number of circles on the
planes of cylinder Cl; CI_R STEP — circle radius
variation step, mm. Arrays R(7) for other planes are created
also in the same manner.

Electric potential values calculated at these points are
saved to ASCII format text file. In the real modeling these
files from ANSYS/Emag program are transferred to
MATLAB program, in which they are used to calculate
electron trajectories in electric or hybrid field and to solve
electron focusing problems. In the considered case these
files are used for the research of finite element mesh
spacing influence on modeling results.

Analysis of mesh spacing influence

The investigation of influence of mesh spacing on the
modeling results is performed in trajectory cylinders C2,
C5 and C7. These cylinders are selected because they are
located at the zones of EOS at which the biggest change of
electric potential is observed (Fig. 1, Table 2).

Table 3. Parameters for trajectory cylinder C2
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Variant C2_MESH_PARTS C2_MESH :';, 4
1 5 0.174000 @
2 7 0.124286 % .
3 9 0.096667 =i
4 11 0.079091 12
5 13 0.066923
6 15 0.058000
7 17 0.051176
8 19 0.045789 Sections 21
4 17
Table 4. Parameters for trajectory cylinder C5 £ 9 rlf: t
Variant C5_MESH_PARTS C5_MESH 0 6 s
1 5 1.080000 Fig. 9. The dependence of relative error on mesh spacing in
2 7 0.771429 cylinder C7
3 9 0.600000
4 1 0.490909 7
5 13 0.415385 6
6 15 0.360000 2 5
g 4 I
Table 5. Parameters for trajectory cylinder C7 é 5
Variant C7_MESH_PARTS C7_MESH 3
1 5 1.260000 ® 2
2 9 0.700000 ™ )
3 13 0.484615 0+ R M b .
2 17 0370538 0 5 10 15 20 25 30 35 40 45 50 55 60 65
5 21 0.300000 Trajector)‘l section : :
6 25 0252000 Fig. 10. The dependence of relative error on mesh spacing in

entire trajectory zone



During investigation of mesh spacing influence on
modeling results the number of planes, circles and points
located on them remains constant and for cylinders C2, C5
and C7 is selected according to the Table 1.

Finite element mesh spacing in trajectory cylinders
C2, C5 and C7 is calculated on the base of data which is
presented in tables I, 3-5 and formula
C?_MESH=C? LENGTH/C? _MESH PARTS.

Eight mesh spacing influence investigation variants
are calculated in the case of cylinder C2, and six variants
in the case of cylinders C5 and C7 (Tables 3-5). Modeling
algorithm is presented in Fig. 1. Received modeling results
were processed statistically.

Conclusions

After statistical processing of modeling results it was
found, that highest modeling errors were received at those
model zones, where highest change of defined potentials is
observed.

Highest error of trajectory cylinder C2 is 6.0 % (when
cylinder is divided into 5 planes); in C5 — 2.1 % (when
cylinder is divided into 5 planes); in C7 — 1.7 % (when
cylinder is divided into 5 planes).

When mesh spacing is proportionally increased in all
trajectory cylinders, the following highest errors are
received: when mesh spacing is increased by 1/4 the

Created mesh spacing influence assessment technique
and algorithms can be applied not only in case of EOS
modeling, but also when modeling other electronic
devices.
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Co3aHa MeTOIMKa Ul aHAIM3a BIMSHUS HHTEpBala METVIM KOHEYHBIX JIEMEHTOB Ha pe3ysbTaTbl MojeiaupoBaHus. Jlst
MOJICTUPOBAHMSI HCIOJIB30BAJIACh OJJIEKTPOHHAS ONTHYECKAs CHUCTEMa LBETOBBIX KHHECKONOB. MozenupoBaHHE ObUIO BBINOJIHEHO
[IAKETOM IPOrpaMM aHajn3a KOHEUHbIX d1ieMeHTOB ANSYS/Emag. PazpaboTtan aaroput™M MOAEIUPOBAHHS U MaKpokoMaH bl. KoHeuHbIe
anemeHThI Gopmbl Tetpadapa SOLID123 ucnone30Baiuch is reHepanny netTin. BiusHue naTepBana neu OblI0 IpoaHaIn3upOBaHO
B TE€X 30HAX 3JIEKTPOHHOI ONTHYECKOH CHCTEMBI, TIe CYIIECTBYET caMoe OOJIbIIOe H3MEHEHHE IEKTPUUECcKoro noreHiuana. [losromy,
BbIOUpAs MHTEpPBAJ METIM KENATENbHO 3TO OLEHUTh. C MOMOLIBIO CO3JaHHON TEXHHKU U aIrOPUTMOB OLEHKU BIIUSHHS MHTEpBaja
METIM BO3MOXKHO NPHMEHATh HE TOJIBKO UIS MOJEIUPOBAHMSA IEKTPOHHOW ONTHYECKOW CHCTEMBI, HO M JUIS PEIICHMS APYTUX 3a4ad
MonemupoBanus. Ui. 10, 6u61. 6 (Ha aHIIHIICKOM SI3bIKe; pedepaThl Ha aHIIMHCKOM, PYCCKOM M JINTOBCKOM f3.).
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Sukurta metodika baigtiniy elementy tinklelio Zingsnio jtakai modeliavimo rezultatams tirti. Modeliavimui naudota spalvotuju
kineskopy elektroniné optiné sistema. Modeliavimas atliktas baigtiniy elementy analizés programa ANSYS/Emag. Sudarytas
modeliavimo algoritmas ir makrokomandos. Tinkleliui sudaryti naudoti tetraedro formos baigtiniai elementai SOLIDI23. Zingsnio jtaka
tirta tose elektroninés optinés sistemos srityse, kuriose yra didziausias potencialo pokytis. Atlikus gauty rezultaty analiz¢ nustatyta, kad,
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