MELTING/FORMING/JOINING

Longitudinal Flux Induction Heating
of Slabs, Bars and Strips Is No Longer

“Black Magic:” |

Consisting of two parts, this article describes and evaluates
some intricacies, new knowledge and experience in design
and utilization of longitudinal flux inductors most commonly
used for induction heating of rectangular and trapezoidal
shape workpieces. Workpieces of this general shape, includ-
ing slab, bar, plate and strip, will be referred to as slab.
Specific reference will be made to strip, for example, where
the discussion applies only to one particular shape, The
information provided herein will demonstrate that slab
induction heating is no longer an “art” or “black magic” but a
well understood and established process.

Because of the geometry of rectangular and trapezoidal
slab, induction heating of such workpieces has several unique
features, compared to the heating of cylinders, involving sev-
eral electromagnetic effects and the peculiarity of heat trans-
fer phenomena. Electromagnetic end and edge effects in slab
heating are primarily responsible for the non-uniform tem-
perature profiles and unpleasant surprises faced by engineers
and designers of induction heating equipment. Therefore, the
major part of this article is devoted to the modern analysis of
the features of electromagnetic and temperature fields distrib-
utions in longitudinal flux heating of magnetic and non-mag-
netic slabs, bars and strips. Theoretical background and prac-
tical recommendations based on in-depth study of the
process will also be presented.

Part I consists of a review of the “state-of-the-art” of mod-
ern computation techniques, an introduction to electromag-
netic end and edge effects and focuses on the analysis of elec-
tromagnetic end effects in longitudinal flux induction heaters.
Part 1I will discuss in similar detail transverse electromagnet-
ic edge effect and the temperature profiles that are caused by
that effect.

BASICS AND MODERN COMPUTATIONAL TECHNIQUE

Modern metal making industry and primarily continuous
bar and thin slab casting technology opens up new opportu-
nities for the longitudinal flux induction heater. It can be
introduced as a solencidal type heater where the slab or other
type of workpiece is surrounded by an induction coil. An
alternating current flows through the coil turns and produces
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the longitudinally oriented variable magnetic field. As a
result of that field, induced eddy currents will circulate with-
in the thickness of slab. These currents produce heat by the
Joule effect.

Non-Uniform Conditions

Cue to several electromagnetic phenomena, the distribu-
tion of heat sources {power c‘]unsit}-'] induced in the slab will
not be uniform. One of the factors which causes the heat non-
uniformity is due to skin effect, wherein more than 85% of
power is concentrated in the surface layer (called the refer-
ence or penetration depth). Another factor which is primarily
responsible for heat non-uniformity is electromagnetic field
distortion in the slab’s end and edge areas. The correct pre-
diction of that distortion plays an important role in obtaining
the desired heating.

Inaccurate prediction of the final heating conditions of the
slab is primarily caused by the following factors: (1) limita-
tion of existing software, which does not allow one to simu-
late interrelated electromagnetic and heat transfer fields with
the required accuracy; (2) lack of capacity to use modern

Fig. T Sketch of convection and radiation heat losses in typical
induction heating.
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