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Mystery of an Unknown

in Induction Heat Treating of Carbon Steels:
“Striping” Phenomena

nduction heat treating, includ-
ing surface hardening and
through hardening, is often
one of the most affective
pracesses for obtaining desired
properties of metal for specific
applications. The basic principles of the
induction heating phenomena are well
established and are derived from
Faraday's law and Ampere’s law.
Generally, as related o these laws, an
alternating voltage applied to the induc-
o codl will result in the flow of an alter-
nating current in the coil circuit. AN
alternating coil current will produce in its
surrcunding an afternating (time-vary-
ing| magnetc field which will have the
same frequency as the frequency of the
coil current. The magnetic fisld intensity
depends an the frequency, the cail cur-
rent and the geomerry of the induction
system. The time-varying magnetic field
induces eddy currents in the workprece
which is located inside or in the sur-
rounding area of the coil, Induced cur-
rents have the same frequency as the
source coil current, however, their direc-
tion is appaosite ta the direction of the
coil current (Fig. ||. Eddy currents
induced within the workpiece produce
hear by the Joule effect.
One of the major advantages of heat
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treating by induction is the ability to
generate high power densities within
selected workpiece areas.  This results in
a shorter cycle tme and, therefare, in
higher productiviy of the system com-
pared to alternative methods of heat
treating.

Induction heat treating 15 a complex
process in which many factors and com-
ponents arg involved,  In order to pro-
vide an efficient induction system which
will match the reguired workpiece speci-
fication care should be taken in choos-
ing the frequency, power, and type of
inductar,

General Nature and History of
“Striping” Phenomena

When discussing specifics of induction
heat treating, it is necessary to mention
an effect which, due 1o its complexity, is
not typically discussed in induction heat-
ing publications. This effect is called the
“striping” phenomena, This phenocmena
typically takes place during intensive
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Fig. 1 Current distribution in “coil-woricpiece” induction system.

induction hardening of carbon steels
where high power densities are used.
Because of this effect, the workpiece
area under the coil unexpectedly can
start to heat non-uniformly.  The “strip-
ing"” phenomena can be viewed, even in
the case of a single turn cail with a con-
ventional cylindrical load (Fig. 2.
Shoartly after the heating cycle begins, an
alternation of hat bright areas [bright
stripes) and cold areas [dark stripes) can
occur. These bright and dark stripes on
a cylinder have the shape of rings.

The “striping”™ phenameana has never
been abtained by mathemnatical model-
ing. It has been viewed only in practical
applications or during lab experiments of
induction hardening of magnetic steels
and has often been considered a mys-
tery or magic. In some applications this
phenomena can suddenly occur and
then in a very similar application the
“striping” effect will not be evident.
There is no single explanation of this
phenomena, The first and only attempt
to explain it. voiced by M.G. Lozinskil in
the early 1940°s, was a very simple
description based on the knowledge
available to induction heat treaters at
that time., Mr. Lozinskii's hypothesis” of
the “striping” phenomena simplifies its
mechanism and complexity, but has 3
certain logic and can be accepled as an
introduction to this effect. Therefore,
the following text will briefly introduce
Mr. Lozinskii's hypathesis of the “striping”
phenomena along with the paint of
view of the authors, The latter is based
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Fig. 2 “Striping” phenomena in induction
heating of a carbon steel cylinder,
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