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In the past twoe decades surface hardening by induction has been used to increasing degree.
One of the major reasons is the ability to create high heat intensity quickly at very well defined
locations on the workpiece. This leads to low process cycle time and, therefore, high productivity

while meeting required specifications.

eat treating by induction is

more energy efficient and

environmentally friendly

than most other heat
sources used for heat treating. From
another viewpaoint, induction heat
treating is a very complex process in
which many factors and components
are involved.

Induction heat treating is a combina-
tion of two phenomena:  heat transfer
and electromagnetics which are tightly
inter-related since the physical proper-

Fig. 1 Constant valocity automative front

whee! dive camponant. The parf s sec-
tioned and efched to show fwo separate
heat treat pakterns.

ties of the workpiece strongly depend
on both the magnetic field and temper-
ature, Studies, however, often consider
both phenomena separately. In reality,
to design a competitive edge surface
hardening machine and accurately pre-
dict the hardened profile and hardness,
bath heat transfer and electromagnetic
processes must be considered- as an
inter-relationship.

The prime purpose of this article is to
introduce the modern concept of induc-
tion surtace hardening of carbon steel
and iron parts based on new knowledge
accumulated by Inductoheat, Inc. This
information will allow the heat treater
to better understand the intricacies of
induction surface hardening based on
modern theoretical achievements and
the latest practical applications.

Induction Surface Hardening

Surface hardening of carbon steel
and iron is one of the most commaon
forms of heat treating by induction.
The goal in surface hardening is to pro-
vide a martensitic layer on specific
areas of the workpiece to increase hard-
ness and wear-resistance while allow-
ing the remainder of the part to be
unaffected by the process. Due to the
nature of induction, the heat can be
lecalized to only the areas where the
metallurgical changes are desired.

As an example, Fig. 1 shows a con-
stant velocity automaotive front wheel
drive component that has been cut and
etched to show the pattern obtained by
induction surface hardening. This

component requires two areas of hard-
ness. Each area has different strengths
and load and wear requirements. The
“stern” needs the torsional strength as
well as a hard outer surface, while the
soft core remains ductile and, therefore,
able to handle the mechanical shock

from constant pulsing, The inner sur-sd

face of the “bell” needs hardness for
wear purposes, as ball bearings ride in
the “track” or race ways.

One of the most important parame-
ters of surface hardening is the hard-
engd case. Generally, the case depth is
defined as: “the surface area where the
microstructure is 50% plus martensite.”
Below the case depth the hardness
begins to decrease drastically.

Different applications require a dif-
ferent hardened case. Bearings, rocker
arms, pump shafts and skid plates are
examples of parts that require a shallow
hardened case for wear resistance. Case
depths for these applications, capable of
handling light loads, are usually in the
range from 0.25mm to lmm.

Parts that require both wear resis-
tance and moderate loading such as
camshafts and crankshafts are usually
induction hardened to case depths of
Imm to 3mm. Deeper case depths
strengthen the part dramatically
because load stresses drop exponential-
ly from the surface.

Applications where the finished part
must withstand a heavy load require
even greater case depths; these include
axle shafts, wheel spindles and large
heavy duty gears
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