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Abstract

During numerous discussions with users of induction heating technology we found
that quite often some of them misinterpreted certain interrelated aspects involved in this
process. One of the reasons for this is the fact that quite often descriptions of particular
phenomena are contained in a variety of internal reports, scientific journals, or literature
specializing in a particular (typically quite narrow) area. Some of these materials have been
presented in a form that is nearly inaccessible to readers with limited experience in science or
applied engineering. Some textbooks heavily emphasize the theoretical aspects, others are
limited by a description of phenomena involved in induction heating on a “nuts-and-bolts”
level only. An attempt has been made to bridge the gap between advanced theoretical
information and information which is of concrete and
practical use to the induction heating practitioners.

In the newly published Handbook of Induction
Heating (Fig.1) [1], an attempt has been made to
continue the tradition of classical texts devoted to this
process to educate the wide range of the specialists
involved in this technology. Another goal of this
handbook is to embark upon the next step in the study
and design of modern induction heating processes and
equipment. Thus, there is a hope that this 800-page
handbook will serve the industry as a complete
contemporary guide to induction heating, Some of the
subjects discussed in this handbook are indicated
below. Figure 1. New 800-page

Handbook of Induction Heating

Introduction
What would be your answers to the following questions?

# Can iron-iron carbide diagram be directly applied in induction hardening?

> Can time-temperature transformation diagrams (TTT-diagrams) and continuous-cooling
transformation diagrams (CCT diagrams) be automatically applied for prediction results
af induction hardening?

#» Can results of Grossmann's hardenability tests and Jominy end-quench tests be directly
applied to selective hardening?

» Are the procedures of choosing process parameters for induction hardening of steels and
cast irons identical?
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Are properties of induction tempered parts identical to properties of parts that have been
tempered in conventional furnaces (gas-fired, infrared or resistance heater)?
Is eddy current induced within the heated body distributed according to exponential law?
Do magnetic flux concentrators always improve an efficiency of the induction coil?
Iy it always preferable in induction brazing and soldering applications to have joint
clearances as small as possible?
Is frequency selection in induction wire, cable and rope heating similar to bar and billet
heating?
Is selection of the process parameters for induction heating of rectangular and
trapezoidal shape workpieces (i.e., slab, strip, plate, bloom, transfer bar) similar to
selection of the process parameters of cylinder billets and bars?
If your answers are “YES" you might be surprised after reading a new Handbook of
Induction Heating (Fig.1) [1]. Below there will be a short discussion regarding some of above
mentioned questions.
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1. Can iron-iron carbide diagram be directly applied in induction hardening?

When heat treating steel parts the critical temperatures are often determined based on
the iron-iron carbide phase transformation diagram (Fe-Fe;C). This widely used diagram
represents a graph of temperature vs. carbon content of the steel and shows the effect of
heating the metal to elevated temperatures or metal cooling that may cause a transformation in
its crystalline structure. It is also used to determine the range of temperatures in which certain
types of heat treatment of the steel may be carried out.

However, it is important to remember that this diagram might be misleading in some
induction heat treating applications since it is valid only for the equilibrium condition of plain
carbon steel. One of the major requirements of an equilibrium condition is sufficiently slow
heating. Induction heating is a very fast process. Since heat intensity often exceeds a
magnitude of 100°C/sec, this process cannot be considered by any means as an equilibrium
process resulting in limiting the use of the iron-iron carbide phase transformation diagram. A
high rate of induction heating affects the kinetics of the austenite formation process. In
addition, Fe-Fe;C diagram does not take into consideration prior microstructure.

Section 2.1.1 of a Handbook of Induction Heating [1] discusses the effect of the
heating rate on the A, and Ag critical temperatures of steels and cast irons as well as grain
growth phenomenon and how different prior microstructures (structure of the “green™ part)
influence the induction hardening temperatures, process parameters selection and results of
the heat treatment.

A “favorable™ prior microstructure allows one to reduce the austenizing lemperature
leading to fast and consistent metal response to induction heat treatment with the smallest
shape/size distortion, minimum amount of grain growth and required energy. If the initial
microstructure of a steel part has a significant amount of coarse pearlite and, most
importantly, coarse ferrites or clusters or bands of fernites, then those microstructures cannot
be considered “favorable™ structures. Large areas, (clusters or bands) of ferrite require a long
time for carbon to be able to diffuse into the poor carbon area of the ferrite. Those clusters or
bands of ferrites could act as one huge grain of ferrite and, most likely, will be retained in the
austenite. Upon quenching, a complex ferritic-martensitic microstructure will be formed.
Scattered soft and hard spots and poor mechanical properties characterize this structure.
Therefore, segregated and banded initial microstructures of “green” parts should be avoided.

Steels with large stable carbides (i.e. spherodized microstructures) have poor response
to induction hardening as well and also result in the necessity to have prolonged heating and
higher temperatures for austenization. Longer heat time leads to grain growth, the appearance






