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Gear Heat Treating by Induction

Dr. Valery Rudnev, Don Loveless, Brian Marshall,

he induction harden-

ing and tempering of

gears  and  critical

components is radi-
tionally a hot subject in heat
treating. In recent years, gear
manufacturers have increased
their knowledge in this technol-
ogy for quality gears,

In contrast to carburizing
and nitriding, induction hard-
ening does not require you o
heat a whole gear. With induc-
tion, the heating is localized to
those areas where metallurgical
changes are desired. The induc-
tion hardening process is a
combination of electromagne-
ic, heat transfer and metallurgi-
cal phenomena that occurs
when a workpiece (e, gear) is
heated rapidly to a temperature
abowve that which is required for
transformation  to
austenite and then rapidly

a phase

quenched. One of the goals of
induction hardening is to pro-
vide a fine grain martensitic
layer on specific areas of the
gear o increase hardness and
wear resistance while allowing
the remainder of the part to be
unaffected by the process.
Another goal deals with an
ability 1o provide signilicant
compressive stresses at the
workpiece surface, This is a
crucial feature, since it reduces
crack propagation.

Induction heat treating is
typically accomplished in a rel-
atively short time and with high
elficiency because cnergy is
applied to the part only where it
15 needed. Induction equipment
can be easily automated and
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Fig. 1—Sample of induction hardened gears

incorporated into a work cell,
The ability to heat treat in-line,
as opposed to batch processing,
provides high productivity and
controllability and takes less
shop floor space.

The kind of steel or iron
used and its prior microstruc-

 ture and gear performance

dictate  the
required hardness profile, gear

characteristics

strength and residual stress
distribution. Minimum gear
shape distortion and pattern
repeatability are among the
most critical parameters that
should be satisfied when heat
treating gears,

Mot all workpicces are
well suited for induction heat-
ing. The best candidates are
parts that have a classical
geometry, including bushings,
bars, pins, rings, plates, shafis,
etc. External spur and helical
gears, bevel and worm gears,
internal gears, racks and
sprockets are also among the
parts that often undergo heat
treating by induction (Fig. 1.

Hardening Patterns

The first step in designing
an induction gear heat treat-
ment machine is specifying the
required - hardness  profile.
There is a common misconcep-
tion that a unifonm contour pro-

file is always the best pattern
for gear hardening applica-
tions. It is not. In many cases, a
certain hardness gradient pro-
file can provide a gear with bet-
ter performance. Let's briefly
evaluate a variety of hardening
patterns (Fig. 2) and their effect
on a gear’s load carrying capac-
ity and life.

Patterm A is a flank

hardening pattern that has |
late :

since the
1940s for hardening large

been used
gears (with tooth modules of
8mm and larger). This pattern
provides the required wear
resistance, bul the typical
failure mode of gears with
this type of pattern is a
fatigue crack initiating at the
tooth root area. 1t is typically
strongly recommended that
one use a pattern that hard-
ens the root area as well,
such as that pictured in pat-
tern I

Pattern B is a flank and
tooth hardening pattern. This
pattern has a similar shortoom-
ing to the previous one, featur-
ing poor load carrying capacity.

It can be used in cases where :

wear resistance is of prime con-

cern. However, pattemns E, F |

and G provide better results

when wear, tear and fatigue
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