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My invention relates to high frequency heating
apparatus, more particularly to high frequency
heating apparatus of the oscillator generator
type for heating magnetic work pieces by electro-
magnetic induction to temperatures higher than
the decalescent temperature, and has for its ob-
ject simple and reliable means for increasing the
power input to the work piece, such as when the
decalescent. temperature is reached, thereby to
maintain the power input at least as high as
a predetermined value.

In carrying out my invention in one form I
provide a conirol energy storage device, such
as a capacitor, which is charged during the maxi-
mum power early stage of the heating operation
and which, when the power input thereafter de-
creases, serves to operate means including an
auxiliary electric discharge device far increasing
the power input substantially to its former value,.

For a more complete understanding of my in-
vention, reference should be had to the accom-
panying drawing, Fig. 1 of which is a diagram-
matic representation of high frequency heating
apparatus embodying my invention; while Fig.
2 is a typical time-power curve for a magnetic
work piece or charge supplemented with a broken
line curve showing the increase in power input
in accordance with my invention.

Referring to the drawing, Fig. 2 is a typical
curve of the power input to a steel charge or work
piece during a high frequency electromagnetic
induction heating operation with a frequency of
approximately 530,000 cycles per second. When
the heating circuit is closed the power input in-
creases rapidly although the power increase is
delayed somewhat by the time required for the
heating of the electric discharge devices. Af the
point a the oscillator begins to supply its full
power to the work piece. This power increases,
as indicated by the curve, as the steel heats be-
cause of the increase in its resistivity with the
increase in temperature. The power input be-
comes a maximum at the point b which represents
the decalescent temperature. Soon thereafter
at some time between the points b and c¢ the
steel becomes non-magnetic and the power ab-
sorbed by the steel drops to some low value d.
This decrease in power input results from the
increased depth of penetration of the induced
eddy currents in the steel when the steel be-
comes non-magnetic whereby the resistance to
the flow of the eddy currents is greatly decreased
with consequent decreased power loss. On the
other hand, when the steel is magnetic the in-
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shallow surface layer of the steel, which layer
because of its small cross section has a high
resistance, From the low value d the power in-
creases again with increase in the temperature
of the steel because of its increased resistivity.

It is therefore evident that this decrease in
power input when the steel is heated above the
decalescent temperature appreciably increases
the time required to heat the material to the
desired temperature. In accordance with my in-
vention, I provide means responsive to the de-
crease in the power input from the point b to
the point f of Fig. 2 for increasing the power
input to the charge substantially to its former
value, i. e., to the point e on the broken line
curve. Thereafter, as represented by the broken
line curve, the power input may decrease some-
what with further decrease in the magnetic
properties of the steel and then again increases
with increase in resistivity as the temperature
rises.

I have shown my invention in one form as ap-
plied to a typical electric discharge device os-
cillator high frequency generator of the Colpitts
type for supplying current at a frequency of
approximately 530,000 cycles per second to an
induction heating means shown as a coil 10 sur-
rounding a. work piece or article {1 made of mag-
netic material such as steel.

The oscillator generator comprises a. suitable
electric discharge device 12 having its plate-
cathode circuit supplied with direct current from
a positive supply main 3 and a negative supply
main 13a¢ which may be and preferably is
A suitable inductance i(4 is connected
between the supply main I3 and the anode {5
of the discharge device. The plate or anode 5 is
connected through a capacitor 16 to a tank os-
cillation circuit comprising two capacitors T and
18 connected in series with each other and hav-
ing connected in parallel with them and in series
with each other the inductance coil 19 and the
induction heating coil 10. A power regulating
impedance, shown as an inductance coil 20 is
connected in parallel with the coil 10. A tap 2t
between the two capacitors is connected to the
cathode 22 of the discharge device, while the
lower terminal 23 of the capacitor I8 is con-
nected through a capacitor 24 to the grid 25 of
the discharge device. This latter connection, it
will be understood, applies a negative bias to the
grid. A suitable leakage resistor 26 is connected
between the grid and cathode.

It will be understood that suitable means (not

duced eddy currents are confined to a relatively 8 shown) is provided for supplying the direct cur-
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rent to the supply mains 13 and 13a; for example,
two-way electric discharge device rectifiers may
be used for supplying the direct current at a suit-
able voltage from an alternating current supply
source.

In accordance with my invention, I provide
electric power regulating means comprising an
inductance 28 connected in the high frequency
_electric supply circuit in parallel with the coil
{8 whereby the power or current supplied to the
coil can be increased by disconnecting the in-
ductance 20. The inductance 20 may be discon-
nected by means of a normally closed switch 27
in circuit with the inductance and operated to
its open position by means of a coil 28, The
coil 28 is energized by energy storage means
shown as a capacitor 29 which is charged to a
maximum value when the power input to the
coil 10 is at a maximum. Thereafter when the
power input to the coil 10 decreases the capacitor
29 discharges through the coil 30 and an elec-
tric discharge device 31 automatically controlled
by the drop in power input so as to close a switch
32 and energize the coil 28 from a supply source
33.

For the control of the capacitor 28 and the
discharge device 31, I have provided two re-
sistances 34 and 35 which are connected in series
with each other in the plate-cathode circuit of
the discharge device 12, the resistance 25 being
variable. As shown, the resistances are con-
nected between the cathode 22 and the supply
main {3¢. The lower end of the resistance 33,
i. e. the supply main {3a, is connected through
a resistance 36 to the grid of the discharge device
31 while the point 37 between the two resistances
is connected to the cathode of the discharge de-
vice 81 and to the lower side of the capacitor 29.
A rectifier electric discharge device 38 is con-
nected between the upper end of the resistance
84 and the upper side of the capacitor 29. Also,
as previously indicated, this side of the capacitor
is connected through the coil 38 to the anode of
the discharge device 3i.

In the operation of this heating apparatus, the
apparatus is adjusted to supply a predetermined
power input by electromagnetic induction to a
predetermined steel charge or work piece {f at
the beginning of the heating operation and with
the switch 27 closed so that the inductance coil
29 is included in the high frequency supply cir-
cuit, This initial power input is that assumed
in Fig. 2 such that when the charge has been
heated to its decalescent temperature, the power
input is at a maximum value indicated by the
point b. This maximum value is determined by
the characteristics of the heating apparatus, of
the work piece, or the rate at which the heatling
is to occur. The power adjustment is made by
adjustment (by means not shown) of the D.-C.
voltage supplied by the mains 13 and 3¢, and
also by adjusting the frequency supplied to the
coil 13, The frequency adjustment is made by
suitably connecting the upper end of the Y
to a selected tap 43 on the reactance coil 8.

The heating operation is started by closing a
suitable switch (not shown) whereby direct cur-
rent power is applied to the mains {3 and 3¢,
the current in the discharge device circuit con-
taining the resistances 84 and 35 being prepor-
tional to the current in the high frequency in-
duction heating circuit of the discharge device
including the coil 8. During the heating op-
eration up to the point b of Fig. 2, the capacitor
29 is charged up to the voltage across the re-

10

15

20

25

30

35

40

650

b5

60

65

70

78

4

sistance 34 by a current which is passed by the
rectifier 38. At this time also, the resistance 85
applies a negative bias to the grid of the dis-
charge device 31 sufficient to maintain the de-
vice 3f non-conducting.

When the power input to the coil 19 drops and
the current through the discharge device 12 and
the resistances 34 and 35 decreases upon the
charge becoming non-magnetic, the capacitor 28
retains its charge even though the voltage across
the resistance 34 decreases because the rectifier 28
does not pass current in the opposite direction.
This reduced current, however, in the resistance
35 decreases the negative bias on the grid of
the discharge device 31 and when the bias has
thereby been reduced to a predetermined value
corresponding with the power input at the point
f of Fig. 2, the discharge device 31 becomes con-
ductive and the capacitor discharges through the
discharge device and the coil 30 thereby closing
the switch 32. The switch 32 energizes the coil
28 which opens the switch 21 thereby disconnect-
ing the inductance 20. This increases the power
input to the ccil 10 and current in the coil to
substantially its former value. Also the coil 28
closes an interlock switch 39 in a holding circuit
for the coil whereby the coil 28 remains energized
upon subsequent power increase and deenergiza-
tion of the coil 30, Upon completion of the heat-
ing operation, the mains 13 and 13a are deener-
gized to discontinue the supply of power to the
coil 15 and the coil 28 is deenergized by opening
the switch 490, the switch 40 being closed at the
beginning of the next heating operation.

It will be understood that direct current at a
suitable voltage is supplied to the supply mains
{2 and 13a by suitable means (not shown). For
example, when the heating apparatus is to be
operated from an alternating current supply
source of commercial low frequency, direct cur-
rent power may be supplied to the mains by
means of a transformer to give the required alter-
nating current voltage together with two-way
electric discharge device rectifier means for
rectifying the alternating current.

While I have shown my preferred power regu-
lating means 20 as connected in parallel circuit
with the heating coil 10, it will be understood
that the regulating means 20 may be connected
in series with the coil 10 or it may be connected
in any suitable part of the electric supply recti-
fying and generating means whereby the desired
change in power input can be obtained. For
example, the power regulating means may be a
resistance connected directly in the alternating
current supply circuit before rectification for the
mains 13 and (3a.

I have also provided a ballast resistor 4f con-
nected across the resistance 34 for the purpose
of improving the sensitivity of the control. The
resistance of 41 varies directly with the current
through it. This resistor 41 keeps the voltage
across the resistance 34 at a low value during
the initial increasing current and power stage
until sufficient negative bias has been developed
across the resistance 35 to maintain the device
31 non-conducting. This reduces the possibility
of false operation of the device 3f during volt-
age and current surges. When the power input
reaches or approaches its maximum value, and
hence maximum value of the current in the re-
sistance 34, the voltage across the condenser 29
rapidly increases to its maximum value with
subsequent operation of the device 31 as previ-
ously described. Since the ballast resistor avoids
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the requirement of a relatively high negative
bias on the device 31 during the rising current
stage, the shield grid of the device 31 can be
connected through a suitable reactance 42 di-
rectly to the cathode of the device, This gives
better control of the point of operation, or trip-
ping point, of the device 31.

My invention also has application in various
other heating operations in which the power in-
put decreases during the heating operation, such
as in the drying of cloth, wood and other dielec-
tric material. My invention also has applica-
tion to plate type dielectric loss high frequency
induction heaters, as well as to the electromag-
netic type heater disclosed.

‘While I have shown a particular embodiment
of my invention, it will be understood, of course,
that I do not wish to be limited thereto, since
many miodifications can be made, and I there-
fore contemplate by the appended claims to cover
any such modifications as fall within the true
" spirit and scope of my invention.

What I claim as new and desire to secure by

Letters Patent in the United States is:

1. High frequency heating apparatus compris-
ing induction heating means, means for supply-
ing a high frequency current to said heating
means including an electric discharge device,
electric power regulating means for said supply
means, impedance means connected in a circuit
of said discharge device, energy storage means
connected across said impedance means so as
to be charged to a value corresponding to g maxi-
mum current in said circuit, a second electric
discharge device provided with a control grid,
means for operating said power regulating means
connected to said energy storage meang in circuit
with said second discharge device, and connec-
tions for energizing said grid of said second dis-
charge device in dependence upon a voltage across
said impedance means so that when the current
in said circuit decreases, said second discharge
device is rendered conductive for operation of
said operating means by said energy storage
means to increase the power supplied to said heat-
ing means,

2. High frequency heating apparatus for an
article made of magnetic material comprising an
induction heating coil, means for supplying a
high frequency current to said coil including an
electric discharge device, electric power regulat-
ing means for said supply means, a plurality of
impedances connected in series with each other in
a circuit of said discharge device, a rectifier,
energy storage means connected across one of
said impedances in series with said rectifier so
as to be charged to a value corresponding to
a maximum current in said circuit, a second elec-
tric discharge device provided with a control grid,
meang for operating said power regulating means
connected to said energy storage means in circuit
with said second discharge device, and connec-
tions for energizing the grid of said second dis-
charge device in dependence upon the voltage
across the other of said impedances so that when
the current in said circuit decreases after the
article reaches its decalescent temperature, said
second discharge device is rendered conductive
for operation of said operating means by said
energy storage means to increase the power sup-
plied to said coil.

3. High frequency heating apparatus for an
article made of magnetic material comprising an
induction heating coil for the article, means for
supplying a high frequency current to said coil

15

20

25

30

35

40

45

50

55

60

65

70

75

6

including an electric discharge device, electric
power regulating means for said supply means,
a plurality of resistances connected in series with
each other in the plate circuit of said discharge
device, a capacitor connected in series with a
rectifier across one of said resistances so that
during the heating of the article said capacitor
is charged to a voltage varying with the current
in said plate circuit up to the decalescent tem-
perature of the article, a second electric discharge
device, means for operating said power regulating
means connected to said capacitor in series with
said second discharge device, and connections for
energizing the grid of said second discharge de-
vice in dependence upon the voltage across the
other of said resistors so that when the current
in said plate circuit decreases after the article
reaches its decalescent temperature, said second
discharge device is rendered conductive for ener-
gization of said operating means by said capacitor
and operation of said regulating means to increase
the power supplied to said induction coil.

4. High frequency heating apparatus compris-
ing high frequency heating means, means for
supplying a high frequency current to said heat-
ing means including an electric discharge device,
electric power regulating means for varying the
power supplied to said heating means, impedance
means connected in a circuit with said discharge
device, enhergy storage means connected across
said impedance means so as to be charged in ac-
cordance with a maximum current in said circuit,
current responsive means in said circuit, means
for operating said power regulating means con-
nected to said energy storage means in circuit
with said current responsive means, said current
responsive means being responsive to a decreased
current in said circuit to complete a connection
between said energy storage means and said oper-
ating means for operation of said operating means
to increase the power supplied to said heating
means.

5. The combination with a high frequency in-
duction heater for heating a material whose power
Input decreases upon an increase in its tempera-
ture with decrease in the current supplied to the
heater, of electric current regulating means con-
nected in circuit with said heater having an ele-
ment movable to increase the current in said
heater, electric operating means for said element,
electric energy storage means adapted when.
charged to effect the operation of said operating
means, means responsive to an initial relatively
high current in said heater for charging said
energy storage means, and means responsive to
a subsequent relatively low current in said heater
for connecting said energy storage means to said
operating means to effect movement of said ele-
ment to increase the current in said heater.

6. High frequency heating apparatus for heat-
ing an article made of magnetic material to a
temperature higher than a decalescent tempera-
ture at which the article becomes non-magnetic,
comprising an induction heating coil, connections
for supplying high frequency current to said heat-
ing coil, current-regulating means for said heat-
ing coil connected in circuit with said coil pro-
vided with an element movable to vary the current
in said heating coil, means biasing said element
to a position to reduce the current in said heating
coil to a predetermined maximum value while
the article is being heated by said heating coil to
said decalescent temperature, electric operating
means for moving said element to another position
against its bias thereby to increase the current
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in said heating coil, electric energy storage means
adapted when charged to effect operation of said
operating means to move said element to said
other position, means responsive to said maximum
current in said heating coil during the heating
of the article to its decalescent temperature for
charging said energy storage means, and means
responsive fo a subsequent predetermined low
current in said heating coil when the article he-
comes non-magnetic for connecting said operat-
ing means to said energy storage means to effect
movement of said element to said other position
and thereby increase the current in said heating
coil,

7. High frequency heating apparatus for heat-
ing an article made of magnetic material to a
temperature higher than the temperature at
which the article becomes non-magnetic, com-
prising an induction heating coil, connections
for supplying high frequency current to said heat-
ing coil, an inductance coil connected in parallel
circuit with said heating coil for limiting the cur-
rent in said heating coil to a predetermined maxi-
mum value while the artficle is being heated to
its decalescent temperature after which the cur-
rent supplied to said heating coil is decreased to
a low value by the article becoming non-magnetic,
a normally closed switch connected in circuit with
said inductance coil, electric operating means
connected to said switch for opening said switch,
electric energy storage means adapted when
charged to operate said operating means and to
open said switch, means responsive to said maxi-
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mum current in said heating coil for charging
said energy storage means, and means responsive
to said low value of current in said heating coil
when the article becomes non-magnetic for con-
necting said operating means to said energy stor-
age means whereupon said energy storage means
effects the opening of said switch to disconnect
said inductance coil from said heating coil and
thereby increase said current.

JOHN PAUL JORDAN.
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