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Induction Hardening Basics
For Iron and Steel

There are many ways to heat-treat metal parts,
including the use of electric and gas-fired
furnaces, fluidizing bed furnaces, and infrared and
induction furnaces.

Each method has its own advantages and drawbacks. In the
past two decades, heat-treating by induction has become more
popular. Surface hardening, through hardening and tempering.
are among the most prevalent applications.

A major reason for the popularity of heat-treating by induc-
tion is the ability to create high heat intensity very quickly at
selected locations on the part. This results in high production
with repeatable guality. The induction process also is more

energy efficient and environmentally
friendly than most other heat sources
used for heat treatment. It requires far
less start-up and shutdown time, lower
labor cost for machine operators, and
minimum floor space. and often
produces less shape distortion in
the heat-treated part.
Traditionally, induction
heat-treating machines
have been well suited
forin-line processing
and flexible cellular
manufacturing.
These lines of-
ten include part
washing, indue-

L?::i:am' tion hardening
automotive oy and tempering. qual-

front wheel drive
componant that

has been cut and
etched to show the
pattern obtained by
induction heat-treating:
the “stem"” nesds
torsional strength as well as

& hard outer surface; the soft
core must be ductile and able to
handie the mechanical shock
from constant pulsing. The inner
surface of the "bell” needs
hardness for wear resistance, as
ball bearings ride in the track or
raceways. For heavy-du i S ; :
appiicarinns, the th"ma:";ﬁ lf:dThl:'.ll'l. steels and irons
hardened and annsaled to 15 the most common
produce a very tough thread. form of induction heat

ity checking of critical
parameters, part mark-
ing, and data logging.
Racks, rods, camshafis,
crankshafts, axles, pears
and other auromotive
critical components are
all good candidates for
induction heat-treating,

Surface Hardening
Surface hardening of
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treatment. The goal in surface hardening 1% to provide a mar-
tensitic layer on specific areas of the part. to increase hardness
and wear resistance, while allowing the remainder of the part
to be unaffected by the process, It is accomplished by raising
the required depth of material above the temperature where itis
transformed to austenite; and then cooling the workpiece rap-
idly to produce martensite. The heating time to complete this
process depends upon the application. and typically ranges
from 1.5 to 12 seconds per component.

Case depth (hardness depth) is usually defined as the surface
area where the microstructure is at least 50% martensite. Be-
low the case depth, the hardness begins to decrease drastically.
Hardness distribution within the part depends primarily on the
temperature distribution, the microstructure of the metal,
quenching conditions, and the steel chemical composition. Typi-
cally, because of induction surface hardening, parts will have
essential compressive stresses at their surface. These stresses
are very important for improving fatigue properties and pre-
vention of crack propagation.

Shape distortion occurs whenever a metal is heated. Induc-
tion surface hardening is characterized by high dimensional
stability of the heat-treated parts, Distortion of the component
is minimized because induction heating is a very fast process
and heats primarily the selected surface areas while a cold core
acts as the shape stabilizer.

Case Depth Requirements

Surface hardening to increase wear resistance requires a
shallow-hardened case. Bearings, fine teeth gears, rocker arms,
steering rack teeth. and tlip tracks are examples of parts that
require a shallow-hardened case for wear resistance. Case depths
of these parts that will enable them to handle light loads are
usually in the range of 0.25 mm = 1.5 mm (0.010" - 0.060"),
Control of the hardness depth is provided by selection of ap-
propriate frequency, power density, and workpiece/coil geom-
etry. Generally speaking, heating for shallow case depths re-
quires high frequency (between 50 kHz and 400 kHz), low
energy, and high power density.

In some cases of shallow case depth (less than | mm), itis
possible to use self-guenching or mass quenching. Since the
heated surface laver is very fine, and its mass is negligible
compared to the mass of the cold core, it is possible to have
rapid surface cooling due to heat conduction toward the cold
core. In this case, the mass of the cold core acts as a large heat
sink. Therefore, self-quenching alleviates the need for fluid
quenchants except as a means of cooling the part 1o allow
handling manually.
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