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[571 ABSTRACT

An induction heating apparatus employing a series
tuned, resonant circuit including a work coil adapted
to be coupled to a load to be heated in a parallel,
tuned, resonant tank circuit, a current release means
for releasing current pulses to the tank circuit so as to
cause resonance in this tank circuit and an operation
control means for controlling the release of current
pulses by the current release means can be made es-
sentially automatic in operation to various degrees by
including within the apparatus one or more of several
different means.

The apparatus preferably includes a defector means
for determining the presence or absence of the load
coupled to the work . coil and associated means for
regulating the release of current pulses in accordance
with the presence or absence of such a load. This
detection means is- preferably a voltage ‘detection
means used in conjunction with a sampling means

“serving to cause a release of current pulses without

causing significant heating so that a voltage change in
a tank circuit can be detected even when the
apparatus has not been used for heating. When a load
is detected by the detection means. the apparatus is
operated. for either a time interval or until a
predetermined condition of the load is reached unless
during such a period the load is: for any reason
removed from the work coil.

30 Claims, 2 Drawing Figures
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- LOAD CONTROLLED INDUCTION HEATING

CROSS-REFERENCE TO RELATED PATENTS

© "U.S. Pat. No. 3,637,790 issued to Ronald J. Cunning-
ham, Jan. 25, 1972 entitled, “Induction Heating
Apparatus.”

BACKGROUND OF THE INVENTION

The expression “induction heating” is utilized to des-
ignate processes in which an alternating magnetic flux
generated by passing an alternating current through a
coil is used to heat an object or a charge inductively
coupled to the coil, Because of its function, such a coil
is normally referred to as a “work coil.” Such an object
or charge is normally referred to as a “load,” since in
a sense the work coil is loaded so as to be inductively
coupled when such an object or charge is located so as
to be contacted by the magnetic flux generated by the
coil.

The field of induction heating is considered to be
well-established. Currents of different frequencies are
commonly utilized for different types of heating pur-
poses. A number of different types of apparatuses have
been developed for generating or providing the alter-
nating currents used-in induction heating at various dif-
ferent frequencies. A number of different types of work
coils and apparatuses utilizing them have been devel-
oped for various specific purposes.

At the present time it is considered that there is a
need to improve the operation of known induction
heating apparatuses so that such apparatuses are safer
and easier to use than before. This need is unquestion-
ably related to a number of factors such as a need to
minimize the chances of injury to personnel, a need to
prevent mistakes which might damage the equipment
utilized, a need to avoid mistakes which might tend to
damage whatever is heated by an induction heating ap-
paratus and the like. At least to a degree these various
considerations are related to a desire to improve induc-
tion heating apparatuses so that such apparatuses are
simplified and more efficient.

As the field of induction heating has advanced it has
become known that effective induction heating can be
accomplished through the utilization of a series tuned,
resonant circuit in a paralle] tuned, resonant tank cir-
cuit. In apparatuses using circuits of this type the work
coil used for heating purposes is normally a coil in the
series tuned, resonant circuit. In apparatuses of this
type a current release means, normally an SCR (silicon
controlled rectifier), serves to release or supply current
pulses to the resonant circuit in accordance with the
operation of a separate timing means or circuit con-
nected to the SCR. In apparatuses of this type, the SCR
is rendered non-conductive as a result of resonance in
the tank circuit and the timing means serves to periodi-
cally turn the SCR on or render it conductive.
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Circuits of this type are considered to be quite advan- .

tageous for a wide variety of different applications for
a number of technical reasons which are unimportant
to a consideration of the present invention. Prior appa-
ratuses employing these circuits are considered to be
somewhat disadvantageous because of the amount of
operator “control” which has to be used with them,
even though the amount of such control is approxi-
mately the same as has to be used with other older
types of induction heating equipment. If induction

60

65

2

‘heating apparatuses are to be widely adopted for vari-

ous industrial use as well as for non-industrial uses such
as household cooking purposes it is considered neces-
sary to at least partially and preferably extensively au-
tomate such apparatuses.

The word “automate” here is used in the broad
sense. As used it covers only making such apparatuses
so that they will turn off automatically when loads are
removed: from them. It, also, is used in such a manner
as to cover apparatuses which will both turn on and
turn off when a load is placed upon them and when a
load is removed from them, respectively: It also covers
making such apparatuses so they will not only turn on
and off in this manner, but so that they will also heat
for either a predetermined period or unitl a predeter-
mined condition is reached after they are turned on.

BRIEF SUMMARY OF THE INVENTION:

The invention is primarily directed to “automating”
the operation of induction heating apparatuses employ-
ing a resonant tank circuit as indicated in the preceding
discussion. Thus, the invention is intended to provide
induction heating apparatuses which are of such a char-
acter that their operation minimizes the chances of in-
jury and the chances of harmful or damaging mistakes.
The invention is also intended to provide various de-
grees of automation of such apparatuses as may be de-
sired or needed for various specific applications.

Objectives of the invention are also to provide induc-
tion heating apparatuses: which, although by necessity
are somewhat complex, are nevertheless considered to
be comparatively simple; which are capable of being
easily and conveniently constructed at a comparatively
nominal cost; which are capable of being operated at
comparatively nominal costs; and which are capable of
providing prolonged, reliable performance. Other ob-
Jectives of the invention are: to provide methods of op-
erating induction heating apparatus so as to render the
operation of such equipment essentially automatic to a
degree as may be desired for a particular application
which are essentially simple in character and which
may be carried out with a minimum of difficulty utiliz-
ing electronic techniques as hereinafter indicated.

_In’accordance with this invention these and various
related objectives of it as will be apparent in subse-
quent portions of this specification are achieved by
using an induction’ heating apparatus employing a se-
ries tuned, resonant circuit including a work coil
adapted to be inductively coupled to a resonance load
to be heated using the apparatus located in a parallel
tuned, resonant tank circuit, current release means for
releasing current pulses to the tank circuit so as to
cause resonance in the tank circuit and an operation
control means for controlling the release of such pulses
by this release means. , B

Such components are preferably utilized with at least
a detection means for regulating the performance of
the operation control means so as to prevent current
pulses from being released so as to cause heating in ac-
cordance with the location of a.load on the work coil.
Such a detection means at least is used to monitor the
circuit so as to cause the discontinuance of the release
of current pulses to cause heating upon the removal of
a load from the work coil. It may also be used to moni-
tor the circuit so as to detect the location of a load with
respect to the work coil so as to cause the release of
current pulses to commence heating. Preferably other



means are used in addition to the detection means as
hereinafter indicated in the detailed description of this
specification. S .

BRIEF DESCRIPTION OF THE DRAWINGS

Further details of the present invention and many ad-
ditional advantages of this invention will be apparent
from a detailed consideration of the remainder of this
specification and the-accompanying drawings in which:

FIG. 1 is a block diagram showing the nature of the
presently preferred embodiment or form of the induc-
tion heating apparatus for use in practicing the present
invention; and o

FIG. 2 is a circuit diagram giving details of various
individual circuits which are used in combination in a
presently preferred apparatus constructed in accor-
dance with the block diagram illustrated in FIG. 1.

The accompanying drawings are primarily intended
for explanatory purposes in illustrating a presently pre-
ferred mode of induction heating in accordance with
this invention. The invention itself involves certain in-
tangible concepts as are delineated in the appended
claims forming a part of this specification. These con-
cepts may be utilized with a wide range of differently
constructed equipment through the use of what is con-
sidered to be routine skill in the electronics field.

DETAILED DESCRIPTION:

In FIG. 1 of the drawings there is indicated a com-
plete load-controlled induction heating apparatus 10 in
accordance with this invention. This apparatus 10 uti-
lizes a parallel, tuned, resonant tank circuit 12 havjng
an inductance 14 in one leg thereof and having in the
other leg of this circuit 12 a capacitor 16 and a work
coil 18. This work coil 18 is adapted to be inductively
coupled to a load to be heated utilizing the apparatus
10. The capacitor 16 and the work coil 18 are chosen
so that they constitute a series tuned, resonant. circuit
within the complete tank circuit 12.

. This tank circuit 12 is adapted to be supplied with
power from a B- conventional power supply through an
SCR 20 serving as a current release means in the com-

plete apparatus 10. This apparatus 10 may be, and pref- |

érably is grounded as indicated in the drawings. The
gate of the SCR 20 is directly connected to a triggering
oscillator which is designed to provide current pulses to
the SCR 20 so as to cause such current pulses to be re-
leased to. the tank circuit 12 so that resonance will
occur in this tank circuit 12, ,
‘Such resonance will, of course, create a reverse cur-
rent which will back-bias the SCR 20 so as to turn this
SCR 20 off or render it non-conductive until it is ren-
dered conductive by a further pulse from the triggering
oscillator. As each current pulse is supplied to the tank
circuit 12 through the SCR 20 a voltage multiplication
affect will be obtained in the series tuned resonant cir-
cuit consisting of the capacitor 16 and the work coil 18.

This voltage multiplication affect as current pulses of
constant voltage are released to the tank circuit 12 is
caused by well recognized performance considerations.
As this voltage doubling or multiplication is achieved
in this series tuned resonant circuit comprising the ca-
pacitor 16 and the work coil 18, a further voltage multi-
plication affect will be achieved in the entire tank cir-
cuit 12 as a result of well established, recognized con-
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siderations relating to the operation of this type of cir-
cuit.

With the tank circuit 12 the capacitance of the ca-
pacitor 16 and the inductance of the inductance 14 are
fixed. The inductance of the coil 18 while in one sense
“fixed” is in another sense variable depending upon
whether or not this work coil 18 is inductively coupled
to a load such as a metal container or a quantity of met-
alic material to be heated. Because of the fact that the
inductance of the coil 18 can be varied depending upon
its being coupled to a load, it is possible to utilize the
amount of voltage multiplication within the tank circuit
12 as an indication as to whether or not a load in induc-
tively coupled to the work coil 18.

With the present invention the voltage within the
tank circuit 12 is detected or monitored through the
use of a separate voltage detector. This voltage detec-
tor is directly connected to the tank circuit 12 at the ex-
tremity of this circuit remote from the SCR 20 through
the use of a small dropping resistor 22. As this voltage
detector operates it serves to monitor the voltage multi-
plication occuring in the tank circuit 12 so as to com-
pare. the voltage developed in response to a current
pulse supplied through the SCR 20 with the voltage de-
veloped in response to a preceding pulse supplied
through this SCR 20.

When a load is inductively coupled to the work coil
18 after no load has been coupled to this coil, a voltage
fall or drop will be monitored in this manner; when a
load is removed from the work coil 18 so-as to no
longer be inductively coupled to this work coil 18 a
voltage rise will be monitored. Such a rise or fall is used
in accordance with this invention in either of several
manners so as to govern the subsequent operation of
the SCR 20. When the apparatus 10 is operated in what
may be regarded sa a manual mode the switches 24 and
26 are open, while the switch 28 is closed.

In this manner of operation the voltage detector will
supply a signal directly to the triggering oscillator when
a voltage rise is detected indicating the absence of a
load inductively coupled to the work coil 18. The signal
supplied in this manner can be used to completely in-
hibit or block the operation of the triggering oscillator
so that this triggering oscillator will no longer function.
When this occurs, no further current pulses will be sup-
plied by the SCR 20 to the tank circuit 12. Thus, the
voltage rise occurring can be used to completely shut
off the operation of the entire apparatus 10 until a sep-
arate switch (not shown) is actuated so as to turn on
this apparatus 10 again. '

With the present invention, however, it is preferred
that the voltage detector only partially inhibit or block
the operation of the triggering oscillator to the extent
necessary so that no or substantially no heating occurs.
The purpose of this is to enable the triggering oscillator
to be operated in what may be referred to in a sampling
or non-heating mode in which current pulses are sup-
plied to the tank circuit 12 sufficiently infrequently so
that no substantial heating will occur as the result of the
application of these pulses. It is desired to supply cur-
rent pulses to the tank circuit 12 in this manner so that
a signal can be provided which will provide a voltage
in the tank circuit 12 which can be detected by the volt-
age detector.

In this sampling mode of operation the switch 28 is
closed so that a sampling oscillator will supply signals
through a separate timer directly to the triggering oscil-
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lator. If desired, this sampling oscillator can be directly
coupled to the triggering oscillator although for practi-
cal reasons pertaining to routine engineering construc-
tional details this is not preferred with the present in-
vention, The purpose of this sampling oscillator is to
cause the triggering oscillator to operate in such a man-
ner that the triggering oscillator causes the SCR 20 to
release current pulses which will not cause significant
heating, o ’

Thus, the sampling oscillator is intended to unblock
and permit limited operation of the triggering oscillator
so that this oscillator provides spaced, repetitive pulses
to the SCR 26 so that the SCR 20 in turn releases cur-
rent pulses to the tank circuit 20 at intervals which are
sufficiently long and/or are sufficiently spaced from
one-another, and which are of such a time duration
which is sufficiently short so that no significant heating
is accomplished in the apparatus 10 or by this appara-
" tus as it is operated in a sampling mode. The signals
supplied by the sampling oscillator, of course, corre-
spond to the current pulses released by the SCR 20 dur-
ing this sampling mode of operation,

During this sampling mode of operation when this
voltage detector detects a voltage drop indicating that
a load has been or is being inductively. coupled to the
work coil 18, this voltage detector provides a signal to
the triggering oscillator which no longer inhibits or
blocks the operation of this oscillator. Preferably this
triggering oscillator is a free-running oscillator which
will thereafter provide a repetitive series of pulses to

20

30

the SCR 20 so that this SCR 20 releases a repetitive se- .-

ries of current pulses to the tank circuit 12 at a rate suf-
ficient to cause or result in the work coil 18 performing
its intended heating function. o

The apparatus 10 will thereafter continue to operate
in this heating manner or mode until such time as the
voltage detector monitors a voltage rise in the tank cir-
cuit 12..At such a time the voltage detector will again
serve to inhibit or block the triggering oscillator so that
it thereafter operates in a sampling mode in which no
significant heating is accomplished as a consequence of
its operation. This will continue until a voltage drop in
the tank circuit 12 again causes operation in a heating
mode. o v

The apparatus 10 may, also, be operated in what may
be referred to as an “‘automatic’” mode of operation by
closing the switches 24 and 26 and opening the switch
28. In this automatic mode of operation any voltage
drop detected by the voltage detector will supply a sig-
nal directly to a timer. This timer will thereafter supply
a signal to the triggering oscillator so as to cause the
triggering oscillator to operate in a normal heating
mode as a free-running oscillator for a fixed time pe-
riod capable of being foreshortened.

In this automatic mode of operation when the voltage
detector detects a rise in the voltage in the tank circuit
12, this voltage detector will thereafter “override” the
timer so as to directly inhibit or block the operation of
the triggering oscillator in a heating mode or manner so
as to foreshorten this time period. When the voltage de-
tector has overridden the timer in the operation of the
triggering oscillator in this manner, the sampling oscil-
lator will thereafter continue to operats so that current
pulses are supplied through the SCR 20 in order for the
apparatus 10 to thereafter function in a sampling mode
until another load inductively coupled to the work coil
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18 is detected by the voltage detector as a result of a
voltage drop. , L

Although it is not necessary, it is preferred to include
within the apparatus 10 a thermocouple 39 which is di-
rectly connected to the timer employed. This thermo-
couple 30 is adapted to- be utilized either in or ‘in
contact with a load coupled by the coil 18 so as to de-
tect the temperature of such a load so as to feedback
to the timer a signal indicating such a temperature so
as to also foreshorten the operation of the timer in con-
trolling the period when the triggering oscillator is al-
lowed to function in a heating mode if this temperature
should be reached before the end of the period set by
this timer. :

This thermocouple 30 in effect serves as a condition
sensing device used in employing a predetermined ¢on-
dition of any work load heated within the apparatus 10.
Various other related conditioning-sensing devices
such as an optical condition-sensing device may be uti-
lized with the invention in lieu of the thermocouple 30
in those cases where it is desired to utilize this condi-
tioning-sensing feature in governing or controlling the
operation of the apparatus 10. Any such conditioning-
sensing device should be constructed in accordance
with established practice so as to utilize established
construction and circuity. '

Within this automatic mode of operation the timer
may be operated essentially as an on-off device so as to
supply a signal enabling the triggering oscillator to op-
erate in a heating mode for a period determined by the
time interval necessary for such a load to be heated to
a condition as detected or determined by a condition-
sensing device such as the thermocouple 30. If desired
the apparatus 10 can be operated so that the timer par-
tially inhibits operation of the triggering oscillator so as
to cause limited - heating after such- a .condition is
sensed. With the apparatus 10 such a time interval or
heating is, of course, capable of being cut short or fore-
shortened if the load should be removed prior to such
a condition being sensed since the removal of a lgad
coupled to the coil 18 will cause a voltage rise in the
tank circuit- 12 which will be detected by the voltage
detector so as to in turn block or inhibit the triggering
oscillator from further operation in a heating mode.

. The timer used in the apparatus 10 includes what
may be regarded as a “reset means” for preventing

- operation of the triggering oscillator and various other
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parts of the apparatus 10 as described in a heating
mode after the end of a time period when the complete
apparatus 10 has been operated in this heating mode.
This is best explained by reviewing the fact that this ap-
paratus 10 will automatically operate in what has been
described in the preceding as a sampling mode when-
ever it is not operated in a heating mode.

As the apparatus 10 is operated in this sampling

mode the sampling oscillator permits limited. operation

of the triggering oscillator so as to provide a voltage
multiplication in the tank circuit 12 in response to each
pulse released to the tank circuit 12. The voltage detec-
tor used monitors the voltage in the tank circuit 12. No
significant change will occur in the voltage detected in
this manner as long as a load which has been heated re-

. mains inductively coupled to the coil 18.

Because of this, unless a reset structure is utilized
during the operation of the apparatus 10 in an auto-
matic mode of operation, after the end of a period of
operation in a heating mode the sampling oscillator
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would supply a signal which, through a mechanism as
indicated, would lead to the voltage detector detecting
or monitoring a voltage indicating that a load was in-
ductively coupled to the work coil 18 and that the ap-
paratus 10 should again function in a heating mode.
Thus, without a reset means the apparatus 10 would
continue to heat for successive periods which would
follow immediately one after another. The reset means
utilized prevents this.

In the apparatus 10 the reset means is conventional
flip-flop circuit incorporated within the timer used.
" Each time a signal is supplied to the timer from the
voltage detector to cause operation in a heating mode,
this flip-flop is actuated so as to prevent reactuation of
the timer until such time as the voltage detector has de-
tected a voltage rise indicating that the load which has
been previously heated by the work coil 18 has been
removed from the work coil 18 to at least a sufficient
extent so as to be no longer inductively coupled to it.
Such a voltage rise will reset the flip-flop in the timer
$0 as to permit subsequent operation in a heating mode.

- The significance of the apparatus 10 and the various
features explained in the preceding can be readily illus-
trated by considering the use of this apparatus 10 in an
industrial application or in a common household stove
in which the load coupled to the coil 18 would normally
be a pan located in proximity to, but isolated from this
coil 18. In any such application, regardless of the inclu-
sion of the other features of the invention, the feature
of automatically stopping the operation of the tank cir-
cuit 12 in a heating mode or manner in response to re-
moval of the load being heated is quite advantageous.

‘The operation of the apparatus 10 so as to cause
heating under no-lpad conditions could easily result in
inadvertent accidents and/or equipment damage. Fur-
ther, the concept of operating the apparatus 10 in a
sampling mode when it is not being operated in a heat-
ing manner is considered to be significant in that it pro-
vides induction heating which essentially is automatic
in that it is turned on when a load is located so as to be
heated and it is cut off when the load is removed from
a location where it is inductively coupled to the heating
coil employed.

Although these effects can be achieved through the
use of weight sensitive switches or the like, it is advan-
tageous to achieve them as indicated in this specifica-
tion by electronic means. This makes it possible to pro-
vide structures such as industrial heaters and stove tops
which can be operated on an essentially automatic type
basis and which are free from any parts such as switch
arms, Conventional switches can be disadvantageous
because of the possibility of non-performance as a re-
sult of dirt accumulation and the like. In cocking type
applications the presence of such switches can also in-
terfere with the maintenance of sanitary conditions.

The apparatus 10 is further considered significant in
that when it is operated in the so-called “‘automatic”
mode, this apparatus will heat a load only to the extent
desired. This is quite important when the apparatus 10
is to be utilized for heating applications where over
heating can cause loss. This apparatus 10 is particularly
desirable for such applications because it will not oper-
ate so as tocause heating after a heating operation has
been performed until the load previously heated has
been removed from the apparatus 10.

3,823,297
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The apparatus 10 can be built to operate in various
different time intervals-and frequencies as may be de-
sired for various different specific applications. It is
presently considered preferable that the triggering os-
cillator provide a signal to the SCR 20 used at a fre-
quency of from about 100 to about 500 KHZ and the
power wave of these pulses be of about 10uS duration.
The applied power supplied to the SCR 29 may be of
any convenient constant voltage desired for use in the
complete apparatus.

It is presently considered that the inductance 14
should be from about 250uH to about 150uH, that the
capacitor 16 should be from about 0.5 to about 20uF
in capacity and that unloaded the work coil 18 have an
inductance of from about 1uH to SOuH. At this time
it is preferred that the sampling oscillator serve to
block operation of the triggering oscillator for about 1
second periods and permit operation of the triggering
oscillator for about 5 ms subsequent periods when the
apparatus 10 is operated in a sampling mode.

The timer utilized is preferably capable of being set
s0 as to govern the operation in a heating mode for pe-
riods of any desired duration. The voltage detector uti-
lized is preferably operated on a continuous basis al-
though, if desired, it can be set 50 as to monitor voltage
changes at rather frequent intervals.

It is believed that those skilled in the art of electron-
ics will be able to practice the invention set forth in this
specification through the use or application of routine
skill in this field on the basis of the preceding disclo-
sure. In an effort to facilitate utilization of the present
invention a complete circuit diagram of the various cir-
cuit parts used in connection with two conventional
SCR’s to supply power to a tank circuit such as the cir-
cuit 12 described in the preceding is given in FIG. 2 of
the drawings.

The rectangular boxes in this FIG. 2 are all intended
to designate integrated circuits designated as Signetics
linear integrated circuits No. 555 produced by Signet-
ics, 811 East Argues Ave., Sunnyvale, Calif. 94086,
The diodes shown in this circuit diagram are conven-
tional blocking diodes and the transistors shown in it
are conventional transistors used in a conventional
manner, Various representative values for other circuit
components are given to facilitate use of this circuit.

As the circuit shown in FIG. 2 is used, an input as
shown from a tank circuit such as the circuit 12 is fed
through an isolation stage to an integrated circuit used
as the voltage detector. The signal from this voltage de-
tector is fed through another isolation stage to an out-
put indicator part of the circuit which is intended to
provide an output to an indicator lamp coupled to the
circuit at a connection point as shown in the drawings.
This second isolation stage is connected to a sampling
oscillator as shown. The sampling oscillator is directly
connected to the timer. Both this timer and the voltage
detector are connected to the triggering oscillator as
indicated so as to provide outputs at the transformer of
this triggering oscillator which may be used at the gates
of two different SCR’s used to release current pulses to
a single tank circuit,

[ claim:

1. An induction heating apparatus having ‘a series
tuned resonant circuit including a work coil adapted to
be inductively coupled to an inductance load to be
heated using said apparatus in a parallel, tuned reso-
nant tank circuit, current release means for releasing
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current pulses to said tank circuit so as to cause reso-
nance in said tank circuit, said current release means
being connected to said tank circuit and an operation
control means for controlling the release of current
pulses by said current release means to said tank circuit
connected to said current release means, said operation
control means being capable of causing the release of
current pulses by said current release means at a rate
sufficient to cause heating of an inductive load coupled
to said work coil, in which the improvement comprises:

said release means being capable of releasing current
pulses of a constant amplitude and a uniform dura-
tion at a frequency sufficient to cause heating by
said coil in response to a signal by said control
means,

detection means which is responsive to the absence
of a load inductively coupled to said work coil for
preventing said operation control means from
causing the release of current pulses at said rate
sufficient to cause heating by said release means
when there is no inductive load located so as to be
inductively coupled to said work coil.

2. An induction heating apparatus as claimed in

claim 1 wherein:

said detection means is a voltage detection means ca-

pable of detecting a voltage rise in said tank circuit.

3. An induction heating apparatus as claimed in
claim 1 wherein:

said detection means is a voltage detection means ca-

pable of detecting a voltage rise in said tank circuit.

4. An induction heating apparatus as claimed in
claim 1 including: '
sampling means for periodically enabling said opera-
tion control means to cause said release means to
release sampling current pulses to said tank circuit
at intervals which are sufficiently long and for time
periods which are sufficiently short so that no sig-
nificant heating occurs as the result of said sam-
pling means operating when said operation control
means is prevented from causing the release of cur-
rent pulses by said detection means, and wherein

ence of an inductive load located so as to be cou-
pled to said work coil and for governing the opera-
tion, of said operation control means so as to cause
the release of currént pulses by said release means
when an inductive load is located so as to be induc-
tively coupled to said work coil, ) ‘

5. An .induction heating apparatus as claimed in

claim 3 including:
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current pulses to said tank circuit for a period
which is independent of when an inductive load is

located so as to be inductively coupled to said work -

coil,

said detection means serving to prevent said opera-
tion control means from causing the release of cur-
rent pulses by said release means during said period
if there is no inductive Joad located so as to be in-
ductively coupled to said work coil during said pe-
riod.

6. An induction heating apparatus as claimed in

claim § wherein:
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said interval control means is a timing means and said
period is for a time interval determined by said tim-
ing means. ,

7. An induction heating apparatus as claimed in
claim 5 wherein:

said interval control means is a condition sensing

means for determining the duration of said period
in accordance with the condition of a load induc-
tively coupled to said work coil.

8. An induction heating apparatus as claimed in
claim 5 wherein: A

said interval control means comprises timing means

and condition sensing means, said timing means
serving to time a period capable of being shortened
upon the occurrence of a condition sensed by said
conditioning sensing means. '

9. An induction heating apparatus having a series
tuned resonant circuit including a work coil adapted to
be inductively coupled to an inductance load to be
heated using said apparatus in a parallel, tuned reso-
nant tank circuit, current release means for releasing
current pulses to said tank circuit so as to cause reso-
nance‘in said tank circuit connected to said tank circuit
and an operation control means for controlling the re-
lease of current pulses by said current release means to
said tank circuit connected to said current release
means, said operation control means being capable of
causing the release of current pulses by said current re-
lease means at a rate sufficient to cause heating of an
inductive load coupled to said work coil, in which the
improvement comprises: '
detection means for preventing said operation con-

trol means from causing the release of current

pulses at said rate sufficient to cause heating by
said release means when there is no inductive load

. located so as to be inductively coupled to said work
coil,

sampling means for periodically enabling said opera-
tion control means to cause said release means to
release sampling current pulses to said tank circuit
at intervals which are sufficiently long and for time
periods which are sufficiently short so that no sig-
nificant heating occurs as the result of said sam-
pling means operating when said operation control
means is prevented from causing the release of cur-
rent pulses by said detection means,

said detection means also being for -detecting the
presence of an inductive load located so as to be
coupled to said work coil and for governing the

'operation of said operation control means so as to

cause the release of current pulses by said release

means when an inductive load is located so as to be
inductively coupled to said work coil,

interval control means for permitting the release of
current pulses to said tank circuit for a period
which is independent of when an inductive load is
located so as to be inductively coupled to said work
coil. -

said detection means serving to prevent said opera-
tion control means from causing the release of cur-
rent pulses by said release means during said period
if there is no inductive load located so as to be in-
ductively coupled to said work coil during said pe-
riod, -

reset means for preventing the release of current
pulses by said current release means at 4 rate suffi-
cient to cause heating of an inductive load coupled
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to said work coil until after such a load which has
been heated through the operation of said appara-
tus has been removed from said work coil so as to
no longer be inductively coupled to said work coil.

10. An induction heating apparatus having a series
tuned resonant circuit including a work coil adapted to
be inductively coupled to an inductance load to be
heated using said apparatus in a parallel, tuned reso-
nant tank circuit, current release means for releasing
current pulses to said tank circuit so as to cause reso-
nance in said tank circuit connected to said tank circuit
and an operation control means for controlling the re-
lease of current pulses by said current release means to
said tank circuit connected to said current release
means, said operation control means being capable of
causing the release of current pulses by said current re-
lease means at a rate sufficient to cause heating of an
inductive load coupled to said work coil, in which the
improvement comprises:
detection means for preventing said operation con-
- trol means from causing the release of current
pulses at said rate sufficient to cause heating by
said release means when there is no inductive load
located so as to be inductively coupled to said work
coil, .

sampling means for periodically enabling said opera-
tion control means to cause said release means to
release sampling current pulses to said tank circuit
at intervals which are sufficiently long and for time
periods which are sufficiently short so that no sig-
nificant heating occurs as the result of said sam-
pling means operating when said operation control
means is prevented from causing the release of cur-
rent pulses by said detection means, and wherein

said detection means also is for detecting the pres-
ence of an inductive load located so as to be cou-
pled to said work coil and for governing the opera-

" tion of said operation control means so as to cause
the release of current pulses by said release means
when an inductive load is located so as to be induc-
tively coupled to said work coil,
interval control means for permitting the release of
current pulses to said tank circuit for a period
which is independent of when an inductive load is
located so as to be inductively coupled to said work
coil, ' . :
said detection means serving to prevent said opera-
tion control means from causing the release of cur-

~ rent pulses by said release means during said period
if there is no inductive load located so as to be in-
ductively coupled to said work coil during said pe-
riod, ‘

reset means for preventing the release of current

pulses by said current release means at a rate suffi-
cient to cause heating of an inductive load coupled
to said work coil for a time period.

11.'An induction heating apparatus having a series

tuned resonant circuit including a work coil adapted to
be inductively coupled to an inductance load to be
heated using said apparatus in a parallel, tuned reso-
nant tank circuit, current release means for releasing
current pulses to said tank circuit so as to cause reso-
nance in said tank circuit connected to said tank circuit
and an operation control means for controlling the re-
lease of current pulses by said current release means to
said tank circuit connected to said current release
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means, said operation control means being capable of
causing the release of current pulses by said current re-
lease means at a rate sufficient to cause heating of an
inductive load coupled to said work coil, in which the
improvement comprises:
detection means-for preventing said operation con-
trol means from causing the release of current
pulses at said rate sufficient to cause heating by
said release means when there is no inductive load
located so as to be inductively coupled to said work
coil and for detecting the presence of an inductive
load located so as to be coupled to said work coil
and for governing the operation of said operation
control means so as to cause the release of current
pulses by said release means so as to cause heating
when an inductive load is located so as to be induc-
tively coupled to said work coil,
said operation control means being a free-running os-
cillator,
said detection mearis being a voltage detection means
capable of sensing the voltage in said tank circuit
and is capable of controlling the operation of said
free-running oscillator in response to the voltage in
said tank circuit, and '
sampling means for periodically permitting operation
of said free-running oscillator when the operation
of said free-running oscillator is blocked by said de-
tection means so as to cause said free-running os-
cillator and said release means to release current
pulses to said tank circuit at intervals which are suf-
ficiently long and for time periods which are suffi-
ciently short so that no significant heating occurs
as the result of the release of said sampling current
pulses in order to provide for a current in said tank
circuit which will give a voltage which can be de-
tected By said voltage detection means.
12. An induction heating apparatus as claimed in
claim 11 including;
interval .control means for. permitting the release of
current pulses to said tank circuit for a period
which is independent of when an inductive load is
located so as to be inductively coupled to said work
coil,
said detection means serving to prevent said opera-
tion control means for causing the release of cur-
rent pulses by said release means during said period
if there is no inductive load located so s to be in-
ductively coupled to said work coil during said pe-
riod.
13. An induction heating apparatus which comprises:

a parallel, tuned, resonant tank circuit having a series
tuned resonant circuit in one leg thereof, said series
tuned resonant circuit including a work coil
adapted to be inductively coupled to an inductance
load to be heated using said apparatus,

current release means connected to said tank circuit
for releasing current pulses to said tank circuit so
as to cause resonance in said tank circuit,

operation control means capable of being operated in
a heating mode and in a sampling mode connected
to said current release means for controlling the re-
lease of current pulses by said current release
means,

said operation control means being capable of caus-
ing the release of current pulses by said current re-
lease means at a rate sufficient to cause heating of
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an inductive load coupled to said work coil when
operated in said heating mode,

said operation control means being capable of caus-
ing the release of current pulses by said current re-
lease means at a rate insufficient to cause signifi-
cant heating when operated in said sampling mode,

detection means connected to said tank circuit for
detecting either a voltage increase or a voltage de-
crease in said tank circuit during the release of cur-
rent pulses by said current release means,

sampling means connected to said operation control
means for operating said operation control means
in said sampling mode,

interval control means connected to said operation
control means for operating said operation control
means in said heating mode,

said detection means being operable to actuate said
interval control means when a voltage drop occurs
in said tank circuit during the operation of said
operation control means so that said interval con-
trol means will cause said operation control means
to operate in a heating mode for an interval, such
a voltage drop serving to indicate the presence of
‘a load inductively coupled to said work coil,.

said detection means being operable to actuate said
interval control means when a voltage rise occurs
in said tank circuit during the operation of said
operation control means so that said interval con-
trol means will no longer operate so as to cause said
operation control means to operate in said heating
mode, such a voltage drop serving to indicate the

* absence of a load inductively coupled to said work
coil, o '

said sampling means being operative to operate said
operation control means in said sampling mode
when said operation control means is not operated
in said heating mode.

14. An: induction heating apparatus as claimed in

claim 13 wherein:

said operation control means is a free-running oscil-
lator, the operation of which is capable of being
blocked by said detection means, said interval con-
trol means and said sampling means.

15 ‘An induction heating apparatus as clainied in

claim 13 including:

reset’ means for préeventing the operation of said’

operation control means in said heating mode di-
rectly after the heating of a load by said work coil
so as to prevent the inadvertent reheating of a
heated load heated by said work coil.
16. An induction heating apparatus as claimed in
claim 13 wherein: ‘
said operation control means is a free-running oscil-
lator, the operation of which is capable of being
blocked by said detection means, said interval con-
trol means and said sampling means,
and including, :
reset means for preventing the operation of said
operation control means in said heating mode di-
rectly after the heating of a load by said work coil
so as to prevent the inadvertent reheating of a
heated load heated by said work coil.
17. An induction heating apparatus as claimed in
claim 16 wherein:
said interval control means serves to operate said
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operation control means in a heating mode for a
time period.
18. An induction heating apparatus as claimed in
claim 16 including:
sensing means for determining the duration of a pe-
riod in accordance with condition of a load induc-
tively coupled to said work coil, said sensing means
being connected to said interval control means so

~ as to control the time interval said operation con-
trol means is operated in said heating mode.

19. An induction heating apparatus as claimed in
claim 16 wherein: '

said interval control means serves to operate said

operation control means in a heating mode for a
time period,

and including '

sensing means for determining the condition of a load

inductively coupled to said work coil, said sensing
means being connected to said interval control
means 50 as to cut short the time period said opera-
tion control means is operated in a heating mode
by said interval control means if a predetermined
condition of said load is sensed by said sensing
means. :

20. In a process for induction heating using an induc-
tion heating apparatus employing a series tuned reso-
nant circuit including a work coil adapted to be induc-
tively coupled to a resonance load to be heated using
said apparatus located in a parallel, tuned resonant
tank circuit, and current release means for releasing
current pulses to said tank circuit so as to cause reso-
nance to said tank circuit, the improvement which
comprises :

operating said current release means so as to cause

said release means to release current pulses of a .
constant amplitude and uniform duration at a fre-
quency sufficient to cause heating by said coil,
monitoring said tank circuit so as to detect a voltage
rise occuring in said tank circuit as a result of the
removal of a load inductively coupled to said work
coil from said work coil, and :
discontinuing the release of current pulses to said
tank circuit so.as to cease heating as a result of the
operation of said tank circuit upon the occurrence
of such a voltage rise: :

21. A process as claimed in claim 20 including;

sampling said tank circuit after the discontinuance of

the release of current pulses to said tank circuit so
as to cause heating by periodically releasing cur-
rent pulses to said tank circuit by causing the re-
lease of sampling current pulses at intervals which
are sufficiently far apart and which are sufficiently
short so as to cause no significant heating as the re-
sult of said tank circuit, ‘

monitoring said tank circuit so as to detect any volt-

age drop occurring during said sampling as the re-
sult of the placement of a load so that it is induc-
tively coupled to said work coil, :
operating said current release means so as to re-
lease current pulses to said tank circuit so as to
heat a load inductively coupled to said work coil
upon the occurrence of any such voltage drop.

22. A process as claimed in claim 21 wherein:

said operating is carried out for a predetermined time

period, and including :

monitoring said tank circuit during said-time period

so as to detect any voltage rise occurring in said
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tank circuit as the result of the removal of a load
inductively coupled to said work coil from said
work coil during said time period, and

discontinuing the release of current pulses to said

tank circuit so as to cause heating as the result of
the operation of said tank circuit upon the occur-
rence of such a voltage rise during said predeter-
mined time period.

23. A process as claimed in claim 22 including:

blocking the further release of current pulses so as to

further heat a previously heated load inductively
coupled to said work coil after said time prlod for
a further, additional time period.

24. A process as claimed in claim 22 including:

sensing a condition of a load heated during said oper-

ating and continuing said operating until a prede-
termined sensed condition of said load is deter-
mined,

monitoring said tank circuit during said sensing so as

. to detect any voltage rise occurring in said tank cir-

cuit as the result of the removal of the load induc-
tively coupled to said work coil from said work coil
during said operating,

and discontinuing the release of current pulses to said

tank circuit so as to cause heating as the result of
the operation of said tank circuit upon the occur-
rence of such a voltage rise during said sensing.

25. A process as claimed in claim 24 including:

blocking the further release of current pulses so as to

further heat a previously heated load inductively
coupled to said work coil after heating during said
sensing until said monitoring has detected the re-
moval of a heated load from said work coil.

26. A process as claimed in claim 24 including:

blocking the further release of current pulses so as to

further heat a previously heated load inductively
coupled to said work coil after heating during said
sensing for a further additional time period.
27. In a process for induction heating using an induc-
tion heating apparatus employing a series tuned reso-
nant circuit including a work coil adapted to be induc-
tively coupled to a resonance load to be heated using
said apparatus located in a parallel, tuned resonant
tank circuit, and current release means for releasing
current pulses to said tank circuit so as to cause reso-
nance to said tank circuit, the improvement which
comprises:
momtormg said tank circuit so as to detect a voltage
rise occurring in said tank circuit as a result of the
removal of a load inductively coupled to said work
-coil from said work coil,

discontinuing the release of current pulses to said
tank circuit so as to cease heating as a result of the
operation of said tank circuit upon the occurence
of such a voltage rise,

sampling said tank circuit after the discontinuance of

the release of current pulses to said tank circuit so
as to cause heating by periodically releasing cur-
rent pulses to said tank circuit by causing the re-
lease of sampling current pulses at intervals which

20

25

30

35

40

45

50

55

are sufficiently far apart and which are sufficiently

short so as to cause no significant heating as the re-
sult of said tank circuit,

monitoring said tank circuit so as to detect any volt-
age drop occurring during said sampling as the re-
sult of the placement of a load so that it is induc-
tively coupled to said work coil,
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operating said current release means for a predeter-
mined time period so as to release current pulses to
said tank circuit so as to heat a load inductively
coupled to said work coil upon the occurrence of
any such voltage drop,
monitoring said tank circuit during said time period
so as to detect any voltage rise occurring in said
tank circuit as the result of the removal of a load
inductively coupled to said work coil from said
work coil during said time period, and

discontinuing the release of current pulses to said
tank circuit so as to cause heating as the result of
the operation of said tank circuit upon the occur-
rence of such a voltage rise during said predeter-
mined time period,

blocking the further release of current pulses so as to

further heat a previously heated load inductively
coupled to said work coil after said time period
unitl said monitoring has detected the removal of
a heated load from said work coil.

28. A process for induction heating using an induc-
tion heating apparatus employing a paralle! tuned, res-
onant tank circuit having a series tuned circuit in one
leg thereof, said series tuned resonant circuit including
a work coil adapted to be inductively coupled to an in-
ductance load to be heated using said apparatus, which
comprises:

releasing current pulses to said tank circuit so as to

continuously operate said tank circuit in either a
sampling mode or a heating mode, when said tank
circuit is operated in said heating mode said cur-
rent pulses being released with sufficient rapidity to
cause heating of a load inductively coupled to said
work coil, when said tank circuit is operated in said
sampling mode said current pulses being released
in such a manner as not to cause significant heat-
ing,

monitoring the voltage in said tank circuit as current

pulses are released to said tank circuit so as to de-
tect a voltage rise or fall in said tank circuit indicat-
ing the presence or absence of a load inductively
coupled to said work coil,

discontinuing the operation of said tank circuit in

said sampling mode upon a voltage drop detected
by said monitoring means so as to cause said tank
circuit to be thereafter operated in said heating
mode, and

discontinuing the operation of said tank circuit in

said heating mode upon a drop in the voltage in
said tank circuit so as to cause said tank circuit to
be thereafter operated in said sampling mode.

29. A process as claimed in claim 28 wherein:

when said tank circuit as been caused to operate in

a heating mode it is thereafter operated in a heating
mode for a time interval and thereafter it is oper-
ated in said sampling mode unless during such an
interval said tank circuit should be operated in said
sampling mode as a result of a voltage drop in said
tank circuit.

30. A process as claimed in claim 28 including;

determining the presence or absence of a predeter-

mined condition of a load inductively coupled to
said work coil as said tank circuit is operated in a
heating mode and causing said tank circuit to be
operated in said heating mode until said predeter-
mined condition is determined unless during such
operation of said tank circuit in said heating mode
said tank circuit should be operated in said sam-
pling mode as a result of a voltage drop in said tank

circuit.
* *‘ #* K *
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