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Induction hardening steel to
austenitic temperatures can
result in temper back, or an-
nealing of adjacent areas of the
material that have been hard-
ened previously.

This is parlicularly important in the
induction hardening of crankshafts,
camshafts, gears and critical compo-
nents. The complexity of this problem
arises from the fact that, due to electro-
magnetic feld propagation, the eddy
currents are induced not only in the
workpiece that is located under the in-
ductor, but in the adjacent areas as well.
The resulting eddy currents produce heat
that can cause undesirable metallurgi-
cal changes in these arcas. At different
stages of the heating cycle, the pronun-
ciagtion of the heating rate of the adja-
Cent argas can vary.

The features of induction
heating of a carbon steel
workpiece located in a so-
lenoidal type coil are
shown in Figure 1. At the
first stage of the heating
cycle, the entire workpiece
is magnetic, the inductor
has good efficiency, and in-
tensive heating of the ar-
eas located under the coil
takes place. Because of bet-
ter coupling, any surface
argas of the workpiece lo-
cated under the coil (re-
gions A and B in Figure 1)
will have much more in-
tense heating than any other
areas in the coil surround-
ings (region C in Figure 1,
for example).

After a short time, the
surface will reach the Cu-
rie temperature, the magnetic perme-
ahility drops to unity, the surface layer
becomes non-magnetic, and its heating
intensity will drastically decrease, At
this stage, the coil will not have as good
a coupling factor as it had during the

first stage, when the whole
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workpiece was magnetic. Al-
though the surface of the part has
lost its magnelic properties, at
the same time the adjacent areas
retain their magnetic properties.
Consequently, the coupling fac-
tor of these areas will not de-
crease and a greater portion of
the electromagnetic field will link
with the adjacent areas.

Also, in order to have a short
cycle time, and to keep the heat
intensity of the surface located
under the coil at the same range
as it was during the first stage of
heating, the system can automati-
cally increase the coil power af-

Figure 1: Sketch of induction surface hardening

system

ter the surface temperature passes
the Curie point. This also will

Figure 4: A dual-spindle vertical scanning camshaft
hardening machine

result in additional heating of magnetic
parts located in the coil surroundings,
leading to the temper back of these ar-
eas.

Magnetic flux concentrators allow
decoupling of the induction coil and the
adjacent electrically conductive areas.
This eliminates undesirable heating of
these areas, as well as the resulting tem-
per back (annealing) effect. The con-
centrators are usually located at the end
arcas of the induction coil, As a result,
the intensity of the electromagnetic field
in the adjacent areas will drastically de-
crease, since the concentrator provides
the preferred magnetic path for the mag-
netic field to avoid the surrounding ar-
eAs.

How Flux Concentrators Improve
the Process

The results of the electromagnetic
field computation in the surface hard-
ening of a complicated shaped
workpiece (for example, a section of a
crankshaft or other automotive part) are






