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The modern
forging industry
demands
increasingly strict
requirements

of the induction
heating process.

It is now
necessary to
take into account
as many features
of the process

as possible.
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Designing Induction
Equipment for

any years ago a knowledge of

electromagnetic fields and engi-

neering intuition were all that

were needed to create an efficient
induction heating system. Now, that is no
longer enough. Today's designer of induction
heating equipment must have special software
tools that allow him to simulate in detail the
processes taking place in modern induction
heating systems,

Contemporary design of induction heating
equipment for the modern forging industry
requires that a number of factors be taken
into account, These incude:

* Non-linear material properties.

* Workpiece shape.

+ [nductor heater configuration—number
of coils, refactory type, flux concentrators, etc.

* Electromagnetic coupling effect and heat
transfer effect.

* Inductor coil configuration—turns, lay-
ers, phase, drive circuit complexiry.

In addition, the contemporary design of in-
duction heating equipment should take into
account not only steady state but the transient
i start-up and shut-down) processes as well.
The analvtical and equivalent circuoit coil-de-
sign methods popular in the 60°s and 70°s,
can no longer satisfy the modern day designer
because of their inherent restrictions. Rather
than use simple formulas with many restric-
tions, numerical methods are yielding more
precise and more usable results,

Mathematical Simulation

In the study of the eleciroheat processes of
induction heating, two phenomena must be
taken into account: heat transfer and electro-
magnetic phenomena which are tightly inter-
related, because physical properties sirongly
depend on both the magnetic field intensity
and temperature. Throughout the heating pe-
riod it is necessary to predetermine the tem-
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perature rise and temperature distribution
within the workpiece. The accurate prediction
of the electromagnetic field distribution is
very important, as well as other output param-
eters. Such characteristics permit the de-
signer to obtain the desired heating of the
workpiece and to properly match the parame-
ters of the induction heater with the solid-state
generator. This will provide induction equip-
ment that operates with good efficiency and
high reliability.

The heat transfer problem is described by
the Fourier equation:
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Where: T is the temperanire; -y is the den-
sity of the material; C is the specific heat; X is
the thermal conductivity; q is the heat source
density induced by eddy currents per unit time
in a unit volume.

Specific heat and thermal conductivity are
functions of the temperature. The thermal
sources are obtained by solving the eleciro-
magnetic problem.

The Fourier equation with suitable bound-
ary and initial conditions, represents the
problem of the temperature distribution at
any time and at every point of workpiece.

The convective and radiative boundary
conditions can be expressed by
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Where: the subscripts “s” and “a"” denote
surface and ambient temperature; o is the ex-
change surface coefficient; ). is the surface
loss (i.e. during quenching); and n denotes
the outward direction to the boundary.

Part of the art of mathematical modeling of
an electromagnetic field problem resides in a
right choice of field representation which can
be different for each new problem.






