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Abstract

The uses of induetion and dielectric heating in in-
dustry has become very important. These methods of gen-
eralizing heat in the material itself have many distinct
sdvantazes over the conventional methods of heating

Induction heating uses an inducter coil to set up a
magnetic field around a metallic substance, When these
currents encoumter re%lstanc@, heat is produced, Di-

electric h@atlng makes use of alternating current at high A

frequencies t g@neraﬁe heat in nonmetallic masses.

O%talning,_ﬁe hlggﬁéreguencie% at which these heaters

operate ig an lmporﬁant ﬁroblem.~ The present use and the
/

future uses ¢of these two types of heaﬁing is manifold.
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The Prineiple%and Applications of Induction and

Dielectric Heating

Preface

On a recent tour of various industries in northeastern
Pennsylvania, I became interested in the use of the dielect-
ric heater. The particular industry using the dielectric
heater was "Laminated Product@g@na,"e After a tour of their
p}amt, I found myself wonderi%éyhow this heater operated and
31'%h&t other uses it could be designed., In ny research on
ﬁﬁe subject of dielectric heaters, I came across induction
heating-the counterpart of dielectric heating in metallic
substances-and realized that the principle and applications
of these two types of heating, along with electronic fre-
quency changing which is neecessary for this type heating,

would be the basis of an excellent paper.
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Introduction .
The prineiples of induction and dielectric heatiné 7

present an interestlng study in the field of electrOHlOSc! ﬂﬁgf

Tha bountlful &ppllﬂ&tl@ﬂa of these two types of heatlngg

ﬂfpfove their pre ent velue to indus
(-7 o -
attalnln& the highw%req@enay neGGSSary for the operatlon

of induction and dl@lactfle h@aﬂ@ru demonmtvatew the

usefulness of the el@ctr nics oﬁ tod@yo

papers

Induction heating - the geQerallzatlon of heat within a
metallic substance.

Dielectrie heating - the generalization of heat within
2 nonmetallic substance.

Induction coil » & coil creating a magnetic field around
the work by means of high=frequency alternating

- current.,
W@rk -~ the aubgtance to be heated,
Frequency changing - to change the number of times per

second at which an alternating current reverses

direction,

try. The method of MNM} jﬁfk.
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Chapter I

In many of the processes of modern day industry, the

heating of materials has become an important procedure.

'Work, such as the heating of alumlnum.%heet, annealing,
N

and pngf@»Blve case hardening, r@qw

‘e ion@ periods of
time when the conventional methods dfjconvection, conduct-
ion, and radiation are used, The losgss of time and the
consumption of man hours in the heating process has been,
and is, a problem of great concern to industry., This im-
portant problem ham largelv been ‘overcome in many of the
phases of heating by the introduction of eléctronlcw. The
use of electronics for the purpose of heating metallic sub-
is called induction heating; in the non-metallic field it
is called dielectric heating. These two forms of "heating
without heat® have proved an enormous boon to industry,
Not only do they answer the ever important production call
for Sp@ed, but they save c@untle%s hours of heretofore o
wasted labor and pr0v1d@ large saving in essential floorvw ‘
space, Prehaps most important of all they have enabled.

industry to cut down on operational expenses,



GEAR HARDENING BY INDUCTION HEATING
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Chapter II

Section I

sy
o

& Induction Heating

Heat may be generated in any mass of metalgygr other
cenductigéwgateriaiﬁ which is subjected to the alternating
magnetic field froﬁ e suitably designed coll, carrying
current of proper magnitude and frequency. The coil is
usually called an inductor coil and the mass of metal, or
conduecting material, is denoted as the work,

Heat is generated in the work because the magnetic
field of the coil induces currents to flow around closed
paths in the work, according to generally predictable pat-
terns, depending upon the shape of the coil and the geom-
etry of the work., These currents encounter resistance and
power (which is a function of current and resistance) is
expended in the form of heat,

wWhether heat is supplied by one of the conventi@nal
methods or by electric current, the amount of power which
must be released to raise the temperature of a given a8 s
through a given range in.'a given time can be calculated
readily, In inductionheating this is the power density
and it is this power, neglecting radiation and conduction
losses, which must be generated in the work,

When a conductor is carrying alternating current, the
reactance 18 greater in the center ofithe conductor than it
is at the surface, Currents always travel:the path of

“lowest resistance and therefore the current density is
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greater at the surface than at any other point in the con=
ductor. This is known as skin effect and it becomes very
marked at high freguencies,

The skin effect is much greater in magnetic than in
nonmagnetie materials, Therefore, most steels will heat
more readily than such metals as copper, brass, and alu-
minum,

‘he inductor ceil is the machine tool of the operat-
ion., It is always defined by the shape of the work and
the heat pattern required, Itse effectiveness varies in-
versely as its distance from the work, but it must be far
enough away to prevent flashover to the work, It must be
heavy enough to carry the require%magnetizing current and
generally must be water cooled because it has resistance,
alse, and would otherwise become overheated,

These are the basic elements of induction heating
which, properly selected, enable industry to obtain the
higheét efficiency and best results, Induction heating
offerg new flexibility for both high and low preoduction,
Change-overs can be made quicklys; small lots can be han-
dled effectively. Brazing, soldering, annealing, melting
ferrous and nonferrous metals, sintering powdered metals,
heating for upsetting and forging...all these are handled

with equal facility by induction heating.



PREFHEATING PLASTIC FPREFORMS BY DIELFCTRIC HEATING
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Section I
Dielectric Heating

The most important characteristic of dielectric heat-
ing ié itsyability to'creategéﬁé heat uniformly within the
material itself.

This significant feature makes dielectric heating an
important tool in the fabrication of practically all non-
conducting materials formed or processed with heat.

‘he degree to which such substances will heat is, in |
reality, a measure oi their insulating qualities, And
because there are few really good insulating substances
at high frequencies, a great variety of non-conducting
materiale can be heated with a considerable degree of
BUCES86.

Ii a non-conducting mass, generally referred to as
the work, is placed between two electrodes and @ source
of alternating electric potential connected to the elects
rodes, the work and electrodes will behave like a capacitor
and an alternating electric ifield will be set up between
the two electrodes,

This alternating field, passing uniformly through the
work, displaces or stresses the molecules of the material,
tirst in one direction and then the other, as the polarity
of the field is reversed.,  fHriction occurs due to this
molecular motion in the work and generates heat uniformly
throughout the mass. Such molecular friction and the re-

sulting heat generation is proportional to the field re-
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Chapter ITI

Flectronic Frequency Changing

Frequency changing is one of the fundamental usea of
the electronic tube, It is a method of changing the form
of @1ectficéyawér, so that the pdwer can bé used to per=
form various types of work.

Fundamentally, ffequency ch&nging ig a process for
changing the number of ﬁiméa‘pér second at which an alt=
ernating current reverses direeﬁion; Commercial electric
power is distributed a8 alternating current, and sixty
cyeles is the most common power frequency. NMost elect-
rical devices are designed to operate on a current of six-
ﬁy cycles, but high frequencies are needed for the elect-
ronic induction heating of‘meta;s. Also, high frequencies
are used in the dielectriec h@&tiﬁg of nonconducting sub-
tances :

For frequency changing with electronic equipment the
high=vacuum electronic ﬁubeg the pliotron, is used, Iﬁ_i%
used for powerkin the upper fre@uémay ranges « above 10,000
cyeles and on up inte the millidﬁé. Tlectronic frequency
changing in the 1OWQf ranges, bélaw two or three thouaaﬁd
eycles is accomplished wifh the aid of gas-filled ignitron
and thyratron tubes,

The electric power ié converted through a series of
steps to give the epﬁreﬁtlneed@d at the d@éired frequency,
Step one: Sixty cycié’péﬁér is transformed to the required

voltage.



High

Y

“High Voltage  Current

p :
Transformer : f/ ~ /
o ; . /

6o Cycle \ /]

60 Crele Direct .%“] g il
!

\
|
\
\
|
|
Frequency
|
\

-~ Low Voltage

;é ? L J% j : ‘ } | o ) | b
Ej %ﬁ ): \\> N ) S j iLow

Frequency

Inverter




Step two: The alternating current is reectified to direct
current, The high-voltage alternating current is rectified
by the one-way valve action of electronic tubes, giving a
direct current. This direct current is the source from
which a new alternating current at any frequency can be
obtained,
Gten threes The direct current is converted to the desired
frequency. To obtain high freqyuency, the direet current is
used to power an' oscillator., To obtain low freguency, the
direct current is used to power an inverter,
Step four: The alternating current output of the oscill-
ator is then used to power the inductor coil in induction
heating; the capacitor is used to do the work in dielect-
ric heating.

Shown on the opposite page is a diagram of these four

steps just explained.
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Chapter IV
Section I
The Advantages of Induction Heating

The use of induction heating in industry contributes
many important advantages. The heat input is controlled
imﬁtanﬁaneausly; it is ideal for continuecus processes =
regquires no physical contact between moving work and elect-
rical circuits,

Induction heating eliminates time lost waiting for
equipment to cool or reach proper temperature when servie-
ine or making adjustments. Heat may be locelized on inter-
nal or external surfaces for specific applications. It is
unusally adaptable for high-speed production work.,..elim-
inates time and cost of transporting materials to and
from heat-treating departments,

Induction heating can heat surfaces without affecting
internal structure, where sufficient depth of material
exists, Winally, accurate heat control simplifies repeti-
tive heating and assures product uniformity,

Section II
The Advantages of Dielectric Heating
bielectriec heating contributes three specific advane
tages, Heat is evenly developed throughout the thickness
of the product irrespective of its thermsl conductivity.
Heating is faster, particularly with thick masses, because
it is unnecessary to wait for heat to penetrate from the

outside surface to the center core,
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With dielectric heating an improved product is ob-
tained, not overheated at its surface with its core or
interior under-cured,

Section ITII

Due teo the manifold advantages of induction and
dielectric heating it has fmqndﬁﬁo be that they are an
essential part in industry. These tworférméﬂdf héating
are comparatively new, but they are in wide use in the
industries of gear hardening, bragzging, tin reflowing,
soldering, and annealing. In the textile industry, for
curing plastic and wood laminates, plastic molding,
rubber curing, and bonding, this form of heating has
cut down tremendously on time and labor. The future of
induction and dielectric heating is constantly being
expanded by th@ numer ous new,applicatians‘fa which they

can be aﬁﬁliedw
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