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INONFERROUS HEAT TREATMENT

Longitudinal Flux Induction Heating
of Slabs, Bars and Strips Is No Longer
“Black Magic”: 11

The longitudinal flux inductor can be introduced as a sole-
noidal type heater where the slab is surrounded by an induc-
tion coil (Fig. 8a). An alternating current flows through the
coil turns and produces the longitudinally oriented wvariable
magnetic field. As a result of the field, induced eddy currents
will circulate within the thickness of the slab producing heat
by the Joule effect (I2*R}. Due to several different electromag-
netic phenomena, the distribution of heat sources {power
density) induced in the slab is non-uniform. One of the fac-
tors which causes the heat non-uniformity is the skin effect.
Due to the skin effect, more than 85% of power will be con-
centrated in the surface layer, which is called the reference (or
penetration) depth. Because of the geometry of the strip, rec-
tangular or trapezoidal slab or bar, the induction heating of
such workpieces has several unique features compared to the
heating of cylinders. Those features deal with electromagnet-
ic end and edge effects (Fig. 8b), and with the peculiarity of
heat transfer phenomena. The temperature profile along the
slab’s length or width are primarily affected by a distortion of
the electromagnetic field (EMF) in the end and edge areas of
the slab. These field's distortions and corresponding distrib-
utions of induced currents and power are referred to as elec-
tromagnetic end and edge effects (Fig. 8b).

In the case of induction heating of the rectangular or trape-
zoidal workpieces (slab, plate, etc.), both longitudinal end
and transversal edge effects occur. Suppose a slab is placed
in an initially uniform magnetic field (Fig. 8b). If the slab’s
length and width are much larger than its thickness, the elec-
tromagnetic field in the slab can be viewed as an area consist-
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ing of three zones: central part, area of the transverse edge
effect and area of longitudinal end effect (Fig. 8b). In the cen-
tral part, the EMF distribution corresponds to the field in the
infinite plate. Basically, end and edge effects have two-
dimensional space distribution excluding only the zone of
three-edge corners where the field is three-dimensional and
the corresponding field distribution is the result of a mixture
of both the electromagnetic end and the edge effects.

An analysis of the longitudinal end effects has been provid-
ed in references 1, 2 (Part I, Jan. "95 issue). In this part, intro-
duced is an analysis of transverse edge effects by estimation
of power density distribution along the slab width (along the
“X"-axis in “Y-X" cross section, Fig. 8a) and by evaluation of
the dynamics of the temperature field in the slab cross section
during the heating cycle.

TRAMNSYERSE ELECTROMAGNETIC EDGE EFFECT IN
NON-MAGNETIC AND MAGNETIC SLABS, PLATES
AND STRIPS

As it was mentioned above, besides the distortion of the
magnetic field in the slab’s end areas similar distortion occurs
at its edges. This phenomena takes place due to the electro-
magnetic transverse edge effect (Fig, 8b, references 3-5). This
effect plays a major role in obtaining the required tempera-
ture profiles along the slab or plate width.

Parameters Related to Edge Effect

The maximum value of the eddy current density is always
located on the surface of the slab’s central part. The more
pronounced the skin effect the better induced currents match
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Fig. Ba Magnetic field representation for induction slab heating.

Fig. 8b Electromagnetic end and edge effects of the sfab.






