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This invention relates to high-frequency heat-
ing systems employing oscillators for generating
the high-frequency energy and has for an ob-
ject the provision of an improved grid-control
system which assures increased efficiency of op-
eration of the oscillator tube or tubes by main-
taining the grid excitation more or less inde-
pendent of the characteristics of the load pre-
sented to the oscillator.

In the more common types of oscillator cir-
cuits, grid excitation is often a function of fre-
quency and more often varies with the power
output in a manner which decreases the effi-
ciency of the oscillator. In high-frequency sys-
tems used for raising the temperature of dielec-
tric materials, such as plastic preforms and the
like, the load characteristics vary substantially
from the beginning to the end of the heating
cycle, thus affecting the output and often the
frequency of the oscillator. In the heating of

a typical plastic preform load, for example, the

oscillator plate current is usually initially ad-
justed somewhat below the full load rating so
that the tube will not be overloadeg toward the
end of the heating cycle due to increase of the
loss factor (power factor times dielectric con-
stant) with increasing temperature: if the grid
current be adjusted to optimum value at the be-
ginning of the heating cycle, it will decrease to
undesirably low value at the end of the heating
cycle. Accordingly, the oscillator operates most
inefficiently at the time of maximum power out-
put, causing undue dissipation of energy at the
anode of the oscillator tube. When, on the other
“hand, the dielectric material is one whose loss

factor decreases with increasing temperature,-

the grid current must be adjusted below its op-

timum value at the beginning of the heating

cycle, so that it will not rise beyond a safe value
. toward the end of the cycle.

In accordance with the present invention,
there is provided in the grid eircuit of the os-
cillator a reactance whose effective magnitude is
automatically varied during the heating cycle
in response to change in the grid excitation and

in a sense and extent to maintain the grid exci-'

tation at its predetermined optimum valuye. In
" one form of the invention, the reactance may be
a coil which is mechanically elongated or short-
ened by a solenoid, or equivalent device, in re-

sponse to changes in magnitude of the grid execi-

tation so to change the grid-circuit inductance
and .thus control the grid excitation. In other
forms of the invention, the grid coil may be of
fixed mechanical dimensions and its inductive

x

10

15

30-

35

40

45

60

55

2

reactance varied by movement of g core or vane
structure actuated by a solenoid or similar elec-
tromagnetic device responsive to changes in the
grid current.

For a more detailed understanding of the in-
vention and for illustration of various forms
thereof, reference may be had to the following
description taken in conjunction with the ac-
companying drawings, in which:

Fig. 1 diagrammaticaliy shows a dielectric
heating system including one electro-mechanical
arrangement for varying the grid-circuit re-
actance; and .

Figs. 2 and 3 are isometric views of other elec-
tro-mechanical arrangements of varying the re-
actance of the grid circuit.

Referring to Fig. 1 of the drawings, the in-
vention in one form has been shown as applied
fo a high-frequency heating system utilized for
elevating the temperature of plastic preforms
18 supported on g tray it conductively supported

by a stationary plate 12. Above the preform i8
or other dielectric load is a second plate or elec-
trode {3 which may be adjustable or preset to
brovide an air space between it and the plastic
preform 18. The electrode 13 may be adjustably
connected to an output coil 14 of an oscillator.
The oscillator tube 15 may be conneeted to the
usual filament transformer 16 and to a source
of anode current whose positive and nregative
terminals have been identified respectively as
B4 and B—. A radio-frequency choke-coil |7
is included in the direct-current anode circuit
and the high-frequency output of the tube 15
is fed by way of the coupling capacitor 18 to
the load circuit. The inductance of the coil {4,
together with the capacitance between tie elec-
trodes 11 and (3, forms a tuned anode or res-
onant frequency-determining circuit for the os-
cillator. The grid circuit of the tube 5 receives
its excitation through the anode-grid capaci-~
tance indicated by the dotted line connection
including the coupling capacitor {8. Where this
interelectrode capacitance is not adequate, a ca-
bacitor of the desired size may be connected in
shunt thereto.

The grid circuit includes an adjustable reac-
tance shown in the form of inductance coil 28
anchored at one end to a supporting insulator
21. The free end of coil 20 is mechanically con-
nected by an insulator 22 to the movable core
23 of a solenoid 24. So far as the high-frequency
currents are concerned, the grid circuit com-~
prises the inductance 20, flexible lead 25 and
. by-pass condenser 26, all in series hetween the
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grid and cathode of tube 15. The direct-current
component of the current in the grid circuit
flows through the inductance 20, and thence
through flexible lead 21, resistor 28 and the
winding of the solenoid 24 to the grounded cath-
ode of tube 15. Conventional by-pass capacitors
30 and 3{ are included in the filament circuit
to provide a low impedance path for the high-=
frequency currents to ground.

Tn operation, to elevate the temperatiire of the
plastic preform {8, or other suitable dielectric
load, it will be assumed that the electrodes it
and (8 have their proper spacing and that the
adjustable connections to the output coeil 14 are
in proper positions for optimum operation of the
oscillator at a predetermined fregquency. whieh
may be of the order of from 1 to 50 megacycles,
10 to 25 megacycles being the usual operation of:
high-frequency systems of this character. It will
be further. assumed that the D. . component of
the grid current has the proper value for produc-
ing the optimum hias on the grid of the tube (9.
This may be accomplished by proper selection of
the value of the resistor 28 and of the initial
getting of the inductance 20. With the oscilla-~
tor adjusted for optimum efficiency of operation,
the temperature of the plastic preforms 10 will
be rapidly increased. However, during the heat-
ing of such dielectric materials, the dielectric con-
stant, and the power factor may rise, thereby de-
creasing the frequency and increasing the power
absorbed by such dielectric material. Both the
decreased frequency and the increased power out-
put cause the grid drive or grid exeitation to be
decreased, thereby decreasing the D. C. com-
ponent of the grid current. The inereased power
absorption by the load causes a decrease in the
radio-frequency voltage of -the tank eircuit in-
cluding the -output coil 14 and the capacitance
between electrodes I and 3. Thus, the de-
creased high-frequency voltage of the tank cir~
cuit results in o decrease in the high-frequency
voltage or feed back applied through the capaci-

tor 19 to the grid circuit.  Because of decreased.

excitation.of the grid circuit, less high-frequency
voltage will be rectified and thus the direct-cur-
rent component will decréase. The cumulative
result of the foregoing is that the direct-current
biasing voltage of the grid decreases and the
plate dissipation of the tube rises, with conse-
quent inefficient operation of the oscillator. The
foregoing effects may continue. until, at the end
of the heating cycle, the grid bias and the plate
dissipation are outside the limits specified by the
tube manufacturer and outside the desirable and
safe operating ranges for the tube. Under sueh
conditions, the oscillator operates. most in,efﬁ-
ciently at the end of the cycle and at.the very
time it is.called upon to deliver its maximum load.
Under conditions of maximum demand, it is most
essential. from the efficiency and tube-life
standpoints to. operate the tube within safe
,1irhif‘ts,v and preferably within the ranges specified
by the tube manufacturer.

‘SBuch excessive anode dissipation at the end of
the. heating cycle may be avoided by proper se-
iection of the value of resistor 28 and of the set-
ting of inductance 20, but in such case the ad-
justments will ordinarily result in excess grid dis-
sipation at the bezinning of the cycle. In ac-
tual operation of systems not utilizing the. pres-
ent, invention, these extremes are avoided by
manual adjustments made from time to time dur-
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in arrangements utilizing the invention and the
required adjustments to avoid either excessive
grid dissipation or excessive anode dissipation are
made automatically as the need arises.

In accordance with the present invention, the
direct-current component of the grid current may
be utilized to energize the solenoid 24 whose
plunger or armature 23 may be made effective
to adjust the inductance of coil 20 by an amount
adequate to maintain the grid excitation within
the range specified by the tube manufacturer and
within a relatively narrow optimum range of grid
excitation for most efficient operation of the tube
i5.

The coil 20 is preferably constructed of a good
elastic. electrical conductor, so that the turns of
the coil 20 themselves form a spring against
which the plunger 23 acts. The coil 20 may be
of beryllium-copper or any other suitable mate-
rial, and it may be edge-wound from strip. ma-~
terial, or it may be wound of a round conductor.
In any case, the adjustment of the solenoid 24
and the coil 20 will be such that the optimum
value of inductance is established by.the posi-
tioning of the turns thereof for the optimum grid
bias of the tube 1% as effected by a predetermined
magnitude of the D. C. component of the. grid
current. It will be further understood that as
the electrical parameters of the dielectric load
change, there will be maintained a balance he-
tween the pull of the solenoid 24 and the spring
bias exerted by the turns of the coil 20, such that
optimum grid excitation is maintained within
suitably narrow limits.

By way of-specific example and assuming the
material to be treated is one whose dielectric
constant and power factor increase during the
heating cycle; when the oscillator is first turned
on, there will be a maximum flow of grid cur-
rent in the solenoid which will stretch the coil
20. to reduce its inductance so reducing the grid
current to the desired optimum value at which
time the opposing force of the solenoid is bal-
anced by the spring effect of the coil 20. As the
heating cyecle progresses, the grid current tends
to. decrease, for reasons above discussed, with the
result that the coil 20 tends to shorten, so in-
creasing its inductance that the opposing forces
exerted by the solenoid and the spring effect of
the cbil 20 are again balanced. The resulting in-
crease in inductance of coil 20 increases the grid
drive to restore the desired operating conditions.
Therefore, during the heating cycle, the solenoid
in effect. continuously supervises. the operating
conditions of the oscillator dnd effects adjust-

" ment: of the inductance of coil 20 as and when

necessary to-maintain the prechosen grid excita-
tion. '

From an understanding of the. invention as
above described, it will now be apparent to those
skilled in the art that other -modifications of. the
invention. may be made within the scope of; the
appended claims, and there haye been illustrated
in Pigs. 2 and 3 two. such. modified forms. of the
invention. Referring. first to Fig. 2, the coil 20
has been illustrated as of fixed shape and:size,
and the solenoid 24 has-been illustrated as being
effective to pull within the coil. 20 a. core 32
against the bias of a.spring 33.. The'core 32 may
preferably be in the form of a cylinder of copper
or other good non-magnetic conductor, in which
case movement. of the core. inwardly of the coil
would decrease the inductance thereof. The ef-
fect of ‘movement of the copper core, 32 into the
grid-coll is generally the same as elongating the
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¢oll as described in connection with Fig. 1. If
the core 32 be of magnetic material, such as
powdered iron, the effect of moving such a core
into the coil is to increase the inductance there-
of: use of a high-loss core is to be avoided. An
arrangement of either type may be desired de-
pending upon the particular oscillator and the
initia]l position of the core with respect to the
coil.

In accordance with Fig. 3, the inductance of
the coil 28 is changed to maintain the grid exci-
tation within a desired range by arranging the
solenoid 24 to rotate a plurality of conducting
plates 34, preferably of copper or other low-loss
conductor, between the turns thereof. These
conductors or plates upon moving into or out
of: interleaved position with respect to the turns
of the coil 28 vary the inductance thereof auto-
matically to compensate for changes in grid ex-
citation due, for example, to variation in the elec~
trical characteristics of a particular load during
its: heating cycle or due to the different kinds
and sizes of load in different heating cycles. .

‘What is claimed is:

1. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit there-
for including plates between which a dielectric
load is disposed for heating, and a grid cireuit
with fixed. coupling to said anocde circuit, the
combination of reactance solely in said grid cir-
cuit and adjustable to vary the grid excitation
of said tube, and a device energized in accord-
ance with the direct-current component of said
grid excitation to adjust said reactance to main-
tain the grid excitation substantially constant
at a preset value despite changes of the eléctri-
cal characteristics of said dielectric load.

‘2. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit there-
for including plates between which a dielectric
load is disposed-for heating, and a grid circuit
with fixed coupling to said anode circuit, the
combination of reactance solely in said grid cir-
cuit and whose magnitude determines the grid
excitation-of said tube, an electromagnetic -de-
vice energized in accoerdance with the direct-
current component of said grid excitation, and
means comprising the armature of said device
and opposing spring means for adjusting the ef-
Tective magnitude of said reactance to maintain
the grid excitation substantially constant at a
preset value despite changes of the electrical
characteristics of said dielectric load.

3. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit. there-
for including plates between which a dielectric
load is disposed for heating, and a grid circuit
with fixed coupling to said anode circuit, the
combination of reactance solely in said grid cir-
cuit adjustable to vary the grid excitation of
said tube and comprising a resilient deformable
coil, an electromagnetic device energized in ac-
cordance with the direct-current component of
said grid excitation, and means comprising the
armature of said device and mechanical connec-
tion therefrom to said coil for adjusting the re-
actance of the coil in response to changes in
magnitude of said direct-current component to
maintain the grid excitation substantially con-
stant at a preset value despite changes of the
electrical characteristics of said dielectric load.

4. In a dielectric heating system comprising an
oscillator tube, a tuned anode circuit therefor
including plates between which a dielectric load
is disposed for heating, and a grid circuit with
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fixed coupling. to said- anode circuit, the combi-
nation of reactance solely in said grid circuit
adjustable to vary the grid excitation of said
tube and comprising a resilient coil anchored at
one end, and an electromagnetic device energized
in accordance with the direct-current compo-

_nent of said grid excitation and having an arma-

ture connected to the free end of said coil to
vary its length in sense to maintain the grid ex-
citation substantially constant at a preset value
despite changes of the electrical characteristics
of said dielectrie load.

5. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit therefor
including plates between which a dielectric load
is’ disposed for heating, and a grid cireuit with
fizxed coupling to said anode circuit, the combi-
nation of reactance solely in said grid eircuit
adjustable to vary the grid excitation of said
tube and comprising a coil of fixed shape and
size provided with a movable inductance-varying
element, spring means tending to move said ele-
ment in one direction, and an electromagnetic
device energized in accordance with the direct-
current component of said grid excitation and
having an armature tending to move said ele-
ment in reverse direction whereby the position
of said element is varied in sense to maintain
the -grid excitation substantially constant at a
preset value despite changes of the electrical
characteristics of said dielectric load.

6. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit therefor
including plates between which a dielectric load
is disposed for heating, and a grid circuit with
fixed coupling to.said anode circuit, the combi-
nation of reactance solely in said grid eircuit ad-
Justable to vary the grid excitation of said tube
and comprising a coil of fixed shape and size
provided with an axially movable core, spring
means tending to move said core in one direc-
tion, and an electromagnetic. device energized in
accordance with the direct-current component of
said grid excitation and having an armature
tending to move said element in reverse direction
whereby the bosition of said element is varied:
in sense to maintain the grid excitation substan-
tially constant at a preset value despite changes
of the electrical characteristics of said dielec-
tric load. s .

7. In a dielectric heating system comprising
an oscillator tube, a tuned anode circuit therefor
including plates between which a dielectric load
is disposed for heating, and a grid circuit with
fixed coupling to said anode circuit, the combi-
nation of reactance solely in said grid circuit
adjustable to vary the grid excitation of said
tube and comprising a coil of fixed shape and
size provided with vane structure movable be-
tween turns of the coil, spring means tending
to move said vane structure in one direction, and
an electromagnetic device energized in accord-
ance with the direct-current component of said
grid excitation and having an armature tending
to move said element in reverse direction where-
by the position of said element is varied in sense
to maintain the grid excitation substantially con-
stant at a preset value despite changes of the
electrical characteristics of said dielectric load.

8. In a dielectric heating system comprising an
oscillator tube, a tuned anode circuit therefor
including plates between which a dielectric load
is disposed for heating, and g grid circuit with
fixed coupling to said anode cireuit, the combina-~
tion of a coi] solely in said grid circuit and whose
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setf-thductance i< adjustable to: vary: the grid
current of said tube, and g dévice Having a winds
irig” energized by’ the direct-current compotient’
of said grid current and havitig o member move
able i respornse to-said energization to adjust the:
self-inductance of said coil i sense t6 maintain
the grid excitatfonr substantially’ constant dt &
preset’ vilue despite changes of the efectrical
characteristics of said load.

9. An oscilator systenr comprising atr oseillator
tube; 4 grid’ circuit therefor; a tutied dmode clr=-
cuit having fixed coupling to said grid eireuit. to
provide 4 feedback volfage, a redctance solely in
said. grid clrcutt adiustable to vary the grid ex-
citation of sald tube, and o deviee entersized in
geeordance with the direct-current conipotient
Of saftt grid excitation to vary sdid reactance: in
sense-to maintain the.grid exeitatisn substantial--
Iy constant st & preset valite despite chafiges: ity
tHe anogde circuit load upon said feedback voltage:.

10, Th 4 dielectric heating systent comprising
arr osefifator tube, a tuned anode: cireuit! there-
for- Having fixed coupling: to the grid circult
thereot to provide g feedback voltage and includ-
irtg-a capacitor having plates betweern which: the
diefectric load is disposed for heating, the comi-
bination of a reactance solely in the grid cireuit
of saidtube and adjustable to vary the magriitude
of said feedback voltdage, and: & protective device
for-the tube and the load energized by the direct=
current component of the grid excitation of said
tuber and’ having g responsive elentent mechani-
cally coupled’ to said! reactance to vary' its: mag-
nitude iy gccordarnce with variations of said. di-

rect-current. componernt and in seXise: maintain- -

ing sdid- feedback voltage substantially constant
despite- changes: i the electrical’ charactetistics
of said-dielectricload:

11, It & dietectric heating system comprising.

4 oscillator tube  and' a4 tuned anode circuit
tHerefor including plates betweenr which a di-
etectric: Joad is° disposed for Heatine; & féedback
eapacitince and 4 coil’ comhiected: it series with
exeh: other from-the anode to tHe cathode of said

tabe with: an: infermeditdte cornection to the grid ¢

of said tube; and-a device energized in decordarce
with: the - direct-curretit compotient” of the grid
excitation-to-vary the selfZinductance of said coil
to-ntaintaii the grid excitation substantially con-
stant for a fixed value of said feedback' capaci~
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tance and despite chatiges of the electrfeal chuy~
acteristics of the dielectrie load:

12. In o high-frequency heating device: of’ the
tytre comprising an- oscillatiot genérator supply=
ing & load whose eléctrical characteristics vary
during Heating ineludihg ah oscillator tube hidgvs
ifg its anode sand srid circuits coupled. for genérs«
attod of oscitiatiofis, the combiriation of an ins
ductance in said grid circuit in the form of &
winding whose: axial' length i§ variable; and
ntedis: responisive to- a4 current chargcteristic: of
satd tube for automatically: varying the axisl’
fength of satd windihg continuously to maintain
the gt exeitation substantially constant for &

y ﬁxed couplifig of said’ circuits: dnd despite afore-

safd ehanges of the load characteristics,

13‘ I’n a high frequengy\heating device of tlie
ing x. load: Whase electrical’ chiardcteristics vary
durifig: Heatitg including an oscillator tube hav<
ity #y anode and grid circuits coupled for gen=
eration of osallations, the combination: of an in-
ductance i the grid’ circuit in® the form of 4
winding whose axial length is variable, means

i résponsive to- the grid current of said tube for

automativally varying the axial length- of said
winding continuously to maintain the grid ex-
eitation’ substantially’ conistant for & fixed cou~
plihg of said céircuits and despite aforésaid
changes of the Joad chiaracteéristics;
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