HEAT TREATMENTS

Load Matching in Modern
Induction Heat Treating

Induction heat treating is a complex
process in which many factors are
involved. The main components of an
induction heat treating system are an
induction coil, power supply, load
matching station and the workpiece
itself. A very important facet of indue-
tion heat treating that is often over-
looked in the initial design stages is the
ability to successfully deliver to the
workpiece the maximum available
power from a given power supply eco-
normically,

Analysis of modem solid state power
supplies is introduced in [1],
Circumstances do not always allow for
optimal design of a complete induction
heat treating system where the power
supply design is based on the applica-
tion including the specific induction
coil parameters. Quite often the induc-
tion coil is designed to achieve the
desired induction heat treat pattern
without regard for the power supply
that will be used. When this is the case,
a flexible interface is required to match
the output characteristics of the power
supply to the input characteristics of
the induction coil and workpiece com-
bination. Where this match is not pro-
vided, the power supply will not be
able to develop its rated power if the
coil requires more voltage or current
than the supply can deliver. There are
many factors involved, any of which
can cause complications in arriving at
the stated goal. Variable ratio trans-
formers, capacitors and sometimes
inductors are connected between the
output of the power supply and the
induction coil. The adjustment of these
components is commonly referred to as
“load matching” or “load tuning.” In
this article, briefly introduced are theo-
retical knowledge and experience accu-
mulated at INDUCTOHEAT, Inc. dur-
ing development of solid state power
supplies and induction heat treating
PrOCCSSES.

FOUR STEPS IN
UNDERSTANDING LOAD
MATCHING FOR SOLID STATE
POWER SUPPLIES

First Step

The most common example of match-
ing a power source and load would be a
simple lighting circuit application
where a six vaolt light bulb is available
for use on a 120 Vac power line (Fig. 1).
There is a need for some type of inter-
face hardware to prevent the 120 Vac
from destroying the light bulb, This
commonly would be accomplished by
inserting a transformer between the
light bulb and the power line.
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Fig. 1 Load luning-impedance matching,
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In induction heating circuits there is
not anly a resistive element, but also
considerable inductance. As a part of
the electrical circuit, any inductor can
be introduced as a combination of
resistance and reactance (inductance).
Both the resistance and the reactance of
the inductor are non-linear functions of
several parameters, such as coil-work-
piece geometry, material properties
and frequency. Furthermore, electrical
resistivity and magnetic permeability
of metals are non-linear functions of
the temperature. Therefore, in ferro-
magnetic materials, variations of elec-
trical resistivity and magnetic perme-
ability take place during the heating
cyvcle. In addition, modern metal-
working processes require heating
workpieces of different sizes in the
same inductor. Therefore, combina-
tions of production mix and variation
of material properties result in chang-
ing coil resistance and reactance which
affects the tuning and performance of
the power supply.

Generally, a change in coil resistance
and reactance results in change of the
phase angle between the coil voltage
and coil current of a given circuit, Such
a change can be characterized by the
coil power factor, which refers to the
cosine of the above mentioned phase
angle (CO5p). Power factors of differ-
ent types of inductors are affected dif-
ferently by the above mentioned fac-
tors. At the same time, for different fre-
quencies, power factor can be signifi-
cantly different (i. e. from COSp=0.05
up to COSp=0.6). Along with the
power factor, the “Q"-factor is widely
used among induction heating special-
ists as an induction circuit characteris-
tic. Q" refers to the ratio of inductive
reactance to the resistance of the coil.

In addition to these factors, the
process itself usually requires heating
the part at some frequency other than
the line frequency. In conventional
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