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TEXHIYHI HAYKHU

UbDC 621.3

SIMULATION OF ELECTROMAGNETIC FIELD
CHARACTERISTICS FOR METAL CONDUCTIVE
BUSES WITH RECTANGULAR CROSS-SECTION

0. Kyrychenko, Candidate of Technical Science, Associate
Professor
Mykolayiv National Agrarian University

The numerical simulation of main characteristics of magnetic field
for metal conductive buses of rectangular cross section is performed.
The electromagnetic field pattern and quantitative parameters for
magnetic induction, magnetic field strength and volumetric energy
density are obtained. The graphic illustrations demonstrate visually the
uneven distribution of the electromagnetic field on the geometry of the
conductive bus. The usability of numerical analysis of the characteristics
of electromagnetic field for metal conductive buses is shown.

Key words: electromagnetic field, magnetic induction, magnetic
strength, metal buses, rectangular section.

Statement of the problem.

Many studies are dedicated to the issues of numerical modeling
of the characteristics of the electromagnetic field, that occurs
during the equipment operation. However, recommendations
about specifics of modeling of such characteristics for conductive
metal buses using specialized software, for example, Femm,
Ansys Maxwell etc. are in these studies not enough.

The algorithm of actions in the numerical modeling of the
characteristics of electromagnetic field of conductive metal buses
is next.

First, the exact geometric model of cross-section of conductive
metal buses is created. The drawings of geometric model are easy
to create in CAD-systems, for example, AutoCAD, Compass,
Chart, DraftSight, etc.

Second, the complete cross-section drawing of conductive
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metal buses is imported from the original CAD system to
specialized software for static magnetic analysis. It is easy to use
as the software Femm, Ansys Maxwell etc.

Thirdly, settings and the verification of degree of adequacy of
these settings are checked for modeling the electromagnetic field
pattern by the software. These settings are: inputting the type of
material for each metal bus and the type of environment between
them; inputting of numerical values of the currents flowing
through the metal buses; specifying the geometric boundaries for
calculation; making settings of the software analysis.

Also, the results obtained should be saved in graphical or
tabular format for further processing and analysis.

Analysis of the main works and publications showed that
many studies are dedicated to the researching the characteristics
of the electromagnetic field [1-8 etc.].

In [1, 6, 8] the use of finite element method in Ansys software,
the information about the graphical user interface, the types of
finite elements, the methods for the creating the geometric model
and the mesh of finite elements are considered. In addition, the
concrete calculation examples are presented.

Physical features of magnetic-pulse metal processing,
calculation methods and the methods for choice of magnetic pulse
installations, inductors and power equipment, and the features of
the modeling process are described in [2].

In [3] the possibilities of using Ansys software for calculation
of direct and alternating current magnetic systems in steady and
unsteady regimes are analyzed. Nonlinear characteristics of the
electromagnetic material can be taken into account or leave out.
The examples of interactive and command analyses for magnetic
systems are given.

The features of approaches for spatial and planar simulation
of electromagnetic field characteristics of electrical equipment
using Ansys Maxwell software are presented in [4, 5].

In [7] the advantages of numerical methods for calculating
electromagnetic fields are reviewed. The ease of using these
methods and the ease of obtaining the results in graphical or
tabular format for further analysis are shown.
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The goal of the article is the numerical simulation of
electromagnetic field characteristics for conductive metal buses
of rectangular cross section and identifying characteristics of the
electromagnetic field distribution.

Statement of the main material.

Electric and magnetic fields exist inseparably from each other
and form a total electromagnetic field, which is fully described
by Maxwell's equations. Maxwell's equations can be written in
integral and differential forms.

Maxwell's equations in the integral form

{Ed .:_j_ds @d& jpdrf
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are valid for imaginary contours and surfaces.
Maxwell's equations in the differential form

rﬂIE:—% divD = p:

ot

—

rotH :}+€—D; divB =0
ct

show correlation between characteristics of the electromagnetic
field and the density of charges and currents at each point of the
field.

Let's focus on analyzing electromagnetic field characteristics
for conductive metal buses. The main vector quantities of
electromagnetic field are the magnetic induction and magnetic
field strength.
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Three quantities — B, J, H- interconnected with each other by
the following dependence:

E:uﬁ(ﬁJrj)._ (1)

—

where B - magnetic induction, which is determined by the
force interaction of electromagnetic field on current;
T — magnetic moment per unit volume of the substance;

—

o magnetic field strength.
Magnetization J is 2 vector whose direction coincides with
the direction of strength H - at this point:

J=yH . 2)
The coefficient Y for ferromagnetic substances is the H

function. Substituting (2) into (1) and denoting 1+ X=MU,, we
obtain the equation:

ﬁ:puprﬁ:paﬁ. 3)

where 1, — constant characterizing the magnetic properties of
the vacuum;
K, — absolute magnetic permeability.

The magnetic flux through some surface S - is the flux of
magnetic induction vector through this surface:

® = [BdS. 4)

where dS - element of surface S .
In the calculations of magnetic circuits two quantities are

typically used: magnetic induction B and magnetic field strength

H .
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The magnetization J in the calculations is usually not used

(if it’s necessary, the magnetization value J , that corresponds

with B and H , can be found using the formula (1)).
The geometry and linear dimensions of the analyzable
conductive aluminum bus are shown in Fig. 1.

0

| 100 ‘

Fig. 1. The geometrical dimensions of conductive
aluminum bus with rectangular cross section

Analytical research of electrodynamic stability for similar
conductive buses is given in [9, 10].

The numerical simulation of electromagnetic field pattern
around the conductive aluminum bus (Fig. 1) is carried out for
its emergency operating mode at short-circuit current 87 kA. The
space around the metal buses is air.

Fig. 2 illustrates the results of simulation of the distribution of

the magnetic induction B around the conductive aluminum bus.

The maximal values of the magnetic induction B are 0.7 Tesla.
Also, we can see the uneven distribution of the magnetic induction

B . The increased magnetic induction zones are observed in the
areas of left and right edges of the conductive bus. Graphically — it
is two lightest areas (see Fig. 2).
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Fig. 2. Illustration of simulation results of the distribution of the
magnetic induction B [T] around the conductive aluminum bus
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Fig. 3. Illustration of vectors direction of the magnetic
induction B [T] around the conductive aluminum bus

The results of the simulation show that the magnetic induction

B reaches the maximum values in the areas around the outer edges
of the metal buses, the minimum values — within the bus. The value

of the magnetic induction B in the air is proportional to the distance

176 Bicuux acpapnoi nayku IHpuuopromop’s. — 2017. — Bun. 1



to the bus. The vectors of the magnetic induction B are directed
tangentially to the electromagnetic lines (counter-clockwise) (Fig. 3).
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Fig. 4. Illustration of the results of the simulation of the pattern of the
magnetic field strength H [A/m?] around the conductive aluminum bus
Fig. 4 illustrates the results of the simulation of the pattern of
the magnetic field strength around the metal bus.
[Mlustration of vectors direction of the magnetic field strength
H [A/m2] around the conductive aluminum bus is shown in Fig. 5.
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Fig. 5. Illustration of vectors direction of magnetic field strength
H [A/m2] around the conductive aluminum bus
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The pattern of the uneven distribution of the field strength H
is similar to the pattern of the uneven distribution of the magnetic
induction B. The maximum values of the magnetic field strength
of the conductive aluminum bus - 5,7-10° A/m?. The vectors of
the field strength are directed counterclockwise around the bus.

The pattern of the distribution of the volumetric density of
energy W around the conductive aluminum bus is shown in Fig. 6.

The maximum volumetric density of energy for the analyzable
conductive aluminum bus is 2,1-10° J/m?® Graphically the
maximum volumetric density of energy W is located near the left
and right edges of the bus (two lightest areas), and the minimum
volumetric density of energy W is located inside the material of the
bus and in the air in areas of maximum distance from the bus.

It seems, that numerical simulation is comfortable for
simulation of conductive buses with rectangular cross-section.
Interactive model of the conductive bus is given a good visual
perceptibility of simulation results.

EnargylI_per_nd
2. nidde oS

o 0 83 imm)

Fig. 6. Illustration of simulation results of distribution for volumetric
density of energy W [J/m3] around the conductive aluminum bus

Resume
1. The ease of using the specialized software for researching

and the numerical simulation of characteristics of electromagnetic
field of conductive metal buses is shown.
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2. The maximum values of the magnetic induction B =0,7 T,
the magnetic field strength H =1,9-10° A/m? and the volumetric
density of energy W=2,3-10° J/m? of the electromagnetic field are
located in the areas of left and right edges and on the outer ribs
of the bus.
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O. C. KupnyeHko. MopgenioBaHHSI XapaKTEPUCTUK €J/IeKTPOMarHiTHOro
noss 4719 MeTasieBux CTPyMOMNPOBIAHNX LUNH NPSAMOKYTHOIO rniepepisy.

BukoHaHo uyncesibHe MOAETIOBaHHS OCHOBHUX XapaKTepuCcTUK e/1eKTpoMarHiT-
HOro noJisi 4J19 MeTasieBnx CTPyMOrpPOBIAHUX LUNH MPSAMOKYTHOro nepepizy. OTpuma-
HO KapTUHY €/1€KTPOMarHiTHOro roJisi, a TakoxXX KisibKiCHIi MOKasHMKU 4151 MarHiTHoi
iHAYKUil, HAnpy>XeHOoCTi MarHiTHOro roJisi i 06°eMHOI ryctuHu eHeprii. [pagiyHi ino-
CTpayii Bi3yasibHO AEMOHCTPYHOTb HEPIBHOMIPHICTb pO3Mo4i/1y e1eKTpoMarHiTHOro
rnoJsisi Mo reomMeTpii CTPyMorpoBigHOI LNHN. [10Ka3aHO 3PYyYHICTb 3aCTOCYBaHHS Yu-
CEJ/IbHOIrO aHasnily XapakTepucTuK e€/1eKTPOMarHiTHoro roJsisi 4718 MetasieBux cTpy-
MOMPOBIAHUX LLUNH.

KnrouyoBi cnoBa: esfieKTpoMarHiTHe rnoJsie, MarHiTHa iHAyKuis, MarHitTHa Ha-
NPYXEeHICTb, METANEBI LUMHU, NMPSIMOKYTHUI repepis.
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A. C. KupnyeHko. MogenupoBaHune XxapaKTepUCTHUK 3JIEKTPOMarHUTHOIro
noJsis ANa MeTal/IndeCKnX TOKONMPOBOAALWMNX LUNH NMPSIMOYroJibHOro ce4eHmsl.

BbINO/IHEHO MOAE/INPOBAHNE OCHOBHbIX XapakKTepUCTUK 3/1€KTPOMAarHUTHOIro
rnoss AN METaJIMYECKUX TOKOMPOBOASLUMX LWNH MPAMOYro/ibHOro cedyeHus. [lo-
JlydeHa KapTUHa 3J1IEKTPOMArHUTHOIO 10Jisl, @ TaKXe KOJIMYECTBEHHbIE M10Ka3aTenmn
AJ151 MarHUTHOM MHAYKUMM, HAMPSIXXEHHOCTU MarHUTHOIO MoJisi U 06bEMHO M/I0THOC-
™ 3Heprun. pagpmnyeckme unaCTpaumy BU3yaabHO AEMOHCTPUPYIOT HEPaBHOMEp-
HOCTb pacrnpefeseHnus 3/1EKTPOMarHUTHOro roJs o reoMeTpuu TOKOMPOBOASALLEN
WwuHbI. [TokazaHo yA06CTBO MCMOIb30BaHMUS YUC/IEHHOIO aHain3a XxapakTepucTuK
3/1EKTPOMAarHUTHOIO M0Jis1 A1 META/I/IMYECKNX TOKOMPOBOAALIMNX LLUNH.

KnroueBbie cnoBa: 3/1eKTPOMarHUTHOE 1o0J1e, MarHUTHasi MHAyKUns, Harnps-
)XXE€HHOCTb, MeTa/l/In4YeECKNE LLINHBbI, NTPSAMOYroJibHOeE ce4YeHne.,
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