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Introduction

The tempering process takes place after steel
is hardened, but it is just as important in metal
heat treatment. A variety of microstructures and
mechanical properties of steel can be produced
by tempering. This presentation discusses some
subtle features of using induction tempering in
the automotive industry as well as intricacies of
development of modern in-line induction
tempering machines.

camshafts, axles,
gears, and other critical components are good
candidates for induction tempering

Figure 1. Racks, rods,

The core of this presentation is based on
materials published in [1-5].

The main purposes of tempering are to
increase the steel’s toughness and ductility, to
relieve internal stresses, to eliminate brittleness

and, in some cases, to improve shape stability
and homogenization.

The transformation to martensite through
guenching creates a very hard and brittle
structure. Untempered martensite is typically too
brittle for commercial use and retains a large
amount of internal residual stresses. Re-heating
the steel for tempering after hardening and
quenching leads to a decrease or relaxation of
these stresses and develops a tempered
martensite microstructure. In other words, by
tempering it is possible to improve the
mechanical properties of the workpiece and
reduce stresses caused by the previous hardening
stage without losing too much of the achieved
hardness. Tempering temperatures are always
below the Ilower transformation temperature.
Parts shown on Figure I are good candidates for
induction tempering.

A conventional way of tempering is to run
the parts through a tempering furnace (gas or
infra-red furnace), which is typicaliy located in
a separate production area and therefore requires
extra space, labor and time for parts
transportation. Tempering in the furnace is a
time-consuming process that may take up to 2-3
hours. To overcome these disadvantages, short-
time induction tempering was developed.

Induction tempering temperatures depend
upon the application and are usually in the range
of 120-600°C (248-1112°F). If the carbon steel
is heated up to less than 100°C (212°F), there is
no change in the metal structure, and the effect
of tempering will not take place. Low
temperature tempering of carbon steels is
typically done at temperatures of 120°C-300°C
{248°F-572°F)., The main purpose of Iow
temperature tempering is stress relieving.
Hardness reductiom typically does not exceed 1-2






