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Abstract: The study of the repartition of the electromagnetic field in complex metallic structures. The topic
of the paper is focussed on a study that refers to the distribution of the electromagnetic field in structures
achieved out of several materials subjected to the process of warming by inductive measures. The study
presented in the paper is meant to be a first stage of a more complex study regarding the use of the
inductive heating of the structures made out of different materials and with different constructive forms.
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. INTRODUCTION

In essence, the electromagnetic field can
be considered conceptually, as being a
physical form of existence of the matter,
constituted out of two components, namely:
electric field and magnetic field. The electric
field is produced out of electrized bodies or
by the variation in time of the magnetic field
and is characterized by the intensity
measures of the electric field E and electric
induction D. The magnetic field appears in
magnetized bodies, around the electrized
bodies in motion, or at the variation in time of
the electric field, this being characterized by
the measures of intensity of the magnetic
field H and magnetic induction B.

Knowing the electric and magnetic field,
their spatial repartition of these constitute the
premise of a calculation of the global
performances in any functioning regime.

By the numeric modelling of the
processes there can be estimated with
sufficient precision the values of the
measures of the field resulting following the
imposing of certain conditions with regard to
the geometric form of the device studied, the
materials used, or there can be determined
the response of the equipment to the
variation of certain parameters: power supply,
material, etc.

All these data are of great use in
projecting (design) with the condition that the
errors between the values calculated on the
model and those measured on a real system
to be sufficiently small and the model to be
experimentally validated.
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Il. PRESENTING THE PROBLEM
OF STUDY

For the study effected in this paper, there
was considered an ensemble formed out of two
pieces of the form of regular straight prisms,
empty inside and assembled coaxially, among
which there is placed a third material, the
structure of the piece being presented in the
figure no. 1. The interior element is made of
brass and the exterior one of iron whereas the
intermediary one of tin. The two materials,
interior and exterior respectively, were chosen
out of the wish that the study enables a
subsequent  development towards the

technologies of combining the hybrid structures,
using the electromagnetic processing.

Fig. 1. The workpieces who will be
processe

The technology of combining the three
materials is based on heating the exterior
structures up to a certain temperature after
which the power supply of the inductor is
stopped, the transfer of the heat towards the
interior of the assembly, there being achieved
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a phenomenon of thermal conduction.

Due to the different dilatation coefficient,
there appears a force of pressing the interior
structure towards the exterior structure, which
in case of a well-controlled process, leads to
the structural combining of the three
materials.

The local form of the general laws of the
electromagnetic field in structures
characterized by continuous and uniform
environments from the point of view of the
physical properties, have the form:

- the law of electromagnetic induction:

rotE = _%B
ot
- the law of magnetic circuit:
oD
rotH =J + —
ot

- the law of conserving the electric

charge: div] = _9p.

- the law of electric flux: divD = p,

- the law of conserving the magnetic flux:
divB =0

lll. BUILDING THE GEOMETRY AND
THE NETWORK OF FINITE
ELEMENTS

The main stages in building the geometry
of the field of calculation are presented in
figure 2 (a,b,c) the classical procedure
presupposing the construction of the points,
then the lines and the regions of surface type.
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Fig. 2. Steps in the geometry desing
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In the algorhythm of automatic
digitization, the initial front is built based on
the basis of digitization the border given by
the user, then building more and more regular
elements as regular as possible, it is
progressed towards the interior of the domain
with each new stratum created.

The digitization network in finite elements
of the calculation domain is exclusively built
of triangles, the maximum finesse of it
corresponding to the areas of maximum
interest in the study.

Figure 3 presents the digitization network
in the structure studied presents the
digitization network of the whole field of
study.
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Fig. 4. The mesh in detail
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Fig.5. The variation curve of the induction,
function of the intensity of the magnetic
field for steel
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From the point of view of the properties of
the material, in this stage of the study there
presents interest the magnetization curve of
the material of the external device of the
ensemble, i.e. steel, presented in figure 5.
The value of the magnetic saturation
induction is Bs = 2T and of the magnetic
relative permeability is 1500.

IV. THE NUMERIC MODELLING

In order to achieve the numeric modelling,
there was used the program of modelling and
simulation FLUX 2D and there were imposed
as entry (input) data a tension on the inductor
of 20 A and the work frequency being of 2500
Hz.

Further to the electric simulation, there
was studied the repartition of the density of
the electromagnetic field in the structure
formed out of the three materials, the result of
the simulation being presented in figure 6.

Fig. 6. The magnetic field distribution

V. CONCLUSIONS

The paper presented above is meant to
be a first step in the study of the behaviour of
the structures achieved of materials having
different properties, during the inductive
processing of these. Based on the results
obtained the study can be continued during
the optimization of the phenomena of
electromagnetic conversion in processes of
inductive heating of such structures, by
modifying certain and various constructive or
functional parameters of the structures
studied.
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