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This invention relates to electronic heating ap-
paratus, and more particularly to apparatus em-
ploying high frequency electric energy for heat-
ing dielectric materials by reason of dielectric
losses produced therein, the present invention
having particular relation to the type of appara-
tus disclosed and claimed in the copending ap-
plication of Cyril N. Hoyler, Serial No. 539,855,
filed June 12, 1944, and assigned to Radio Corpo-
ration of America.

In the aforesaid copending application there is
disclosed apparatus for bonding together a plu-
rality of superposed layers of dielectric, thermo-
blastic material by passing overlapping portions
of the layers between two electrodes connected to
a-source of high frequency, electric energy. The
high frequency electric field established between
the electrodes serves to quickly heat the dielec-
tric- material to the plasticating or fusion tem-
perature thereof. Pressure applied to the sev-
eral layers while hot serves to unite the layers
into an integral unit,

Commercial apparatus of this type Has been
constructed in a form similar to conventional
sewing machines and has inicluded (1) g grounded
metallic bedplate-for supporting the work, (2) g
head' or frame supported by the bedplate, (3) &
pair of roller electrodes, one mounted below the
bedplate and extending through an opening
therein, and the other carried by the aforesaid
head in alignment with the first mentioned rolier
for cooperation- therewith, and (4)- a high fre-
quency oscillation generator having a grounded
output terminal and a second terminal the poten-
tial of which varies with respect to ground: The
electrode roller mounted below the bedplate is
connected to the last mentioned terminal of the
generator while the other roller is connected to
ground through the machine head.

In order to accommodate workpieces of sub-
stantial width, it is necessary to make the ma-
chine head fairly long between the point where
it'supports the upper electrode roller and its point
of connection to the bedplate. The length of the
head is then large compared to the wave length
at the operating frequency. of the generator and,
due to the high impedance afforded thereby, there
is set up in the head a standing wave of voltage
whichi not only results in instability and erratic
operation; but also. some degree of danger to the
operator.

The primary object of my present invention is
to provide an improved electronic heating ap-
paratus of the type set forth above which will not
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2
be:subjéct to the aforementioned disadvantage of:
similar prior art apparatus.

More. particularly, it is an-object of my present’
invention toprovide an improved:electronic heat--
ing- apparatus” for heating dielectric materials:.
which will'accommodate workpieces of all widths-
within-the limits of the apparatus and which will;.
at-the same. time, be entirely stable and:uniform:
in: operation, as well:as .safe for the operator to:
use:

Another objéect of my. present invention is: to
provide andmprovement; in:apparatus of thetype
set forth, which can:-be readily applied:to existing
electronic heating and/or bonding machines with-
great ease, thereby rendering such machines free
from. the objection pointed.out heretofore.

It.is also.an object of my present invention to
provide an improved apparatus as aforesaid which:
is economical in cost: and highly efficient in:use.

In. accordance with my present invention, I:
provide'an. electro-conductive plate of substantial
areg around or in close proximity to. the upper
electrode:roller (that is, the one intenided to be-at-
ground potential) and dispose this plate in close:
proximity also to the grounded bedplate. Thus;
the plate which I add to the apparatus cooperates
with the bedplate to-form, at the operating fre-
quency, a low impedance capacitor in shunt rela-
tion with the machine head between the asso-
ciated electrode roller and.ground. This permits
the current to pass off and hence eliminates the
standing wave which normally results along the-
head, with attendant safety and improved, uni=
form, stable operation regardless of the width of
the materia]l presented to the machine.

The nove] features that I:considér character=
istic of my invention are set forth with particu-
larity in the appended claims. The invention it-.
self, however, both as to its organization and
method of operation, as well as additional objects
and advantages thereof, will best be understood.
from the following description of one embodi-
ment thereof, when read:in connection with the:
accompanying drawing, in which

Figure 1 is a front elevation; partly in section,
of one form of eléctronic heating apparatus ac-
cording to my present invention,

Figure 2 is a' fragmentary, perspective view
showing certain details of construction, and

Figure 3 is a wiring diagram of the output cir-
cuit of the oscillation generator according to my-
present invention.

Referring more particularly to the drawing,
wherein similar: reference characters- designate

" corresponding parts throughout, there is-shown:
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an electronic heating machine for heating dielec-
tric materials, the machine including g metallic
bedplate | provided with an opening 3 and a slot
5. The bedplate | serves to support a workpiece
T shown in the drawing as a pair of thermoplastic
layers of dielectric. material arranged in over-
lapping relation along adjacent marginal por-
tions at which they are to be bonded together be-
tween a pair of cooperating rollers 9 and {1. The
bedpiate | is maintained at ground potential by
connection to any suitable ground point 3.

Secured to the grounded bedplate | in elec-
tro-conductive relation therewith is a hollow head
9, also of electro-conductive material, the head
15 terminating in a downwardly extending arm
15¢ which is spaced from the bedplate { and in
which the roller § is mounted for vertical adjust-
ment.. For the latter purpose, the roller 9 is se-
cured to a shaft {7 which is rotatably carried by a
yoke 19. Secured to the yoke 18 is a bracket 21
which carries a vertical shaft 23 slidable ver-
tically in and splined to a hollow shaft 25 within
the arm 15a. 'The yoke 19 also carries a post 27
which extends through a vertical slot 28 in one
side of the arm i5a¢. By manipulating the post
21 manually within the slot 29, the assembly com-
prising the roller 9, the yoke 48, the bracket 21,
the shaft 23 and a pair of bevel gears 3! which
couple the shafts 17 and 23 to each other may be
raised or lowered as a unit relative to the bedplate
I and the roller il. When the rollers 9 and {1
are separated, the workpiece T may be inserted
therebetween, after which the roller 9 is lowered
onto the work.

The shait 25 is coupled by a pair of bevel gears
33 to a shaft 85 within the head §5. A motor 37
carried by the head 5 drives the shaft 3% which,
in turn, delivers power to the shafts 25, 28 and
17 for driving the upper roller §. The lower roiler
i1, which is rotatably supported on a shaft 38
below the bedplate { in electrically insulated re-
lation thereto and which extends through the
opening 3 into cooperative relation with the roll~
er 8, may also be driven by suitable coupling
means (not shown) from the motor 27. Thus, as
the rollers 9 and [I rotate while engaging the
workpiece 7, they advance the workpiece between
them.

For supplying electrical energy to the rollers
9 and 1, there is provided a suitable, high fre-
quency oscillation generator 41, such as a vacuum
tube oscillator operating at radio frequency. One
terminal of the oscillator 4f is connected to the
ground point I2 by the outer conductor &3 of a
concentric transmission line. The other termi-
nal of the oscillator 41 is connected to the lower
roller ! by means of the inner conductor 45 of
the aforesaid transmission line and a brush or
wiper 41, A tuning capacitor comprising a me-
tallic cylinder 23 carried by the conductor 45 and
a metallic sleeve 51 which surrounds the eylinder
49 in spaced relation thereto and which is slid-
ably mounted in a metallic tube 53 conductively
supported by the bedplate § and through which
the bedplate | may be connected to the ground
point 13, if desired, serves to tune the circuit.
The capacitance of the capacitor 49, 51 may be
varied manually to tuae the circuit for loads of
different thicknesses between: the rolier elec-

trodes 9 and i1 by means of a post 55 secured to 7

the capacitor sleeve 5¢ and extending through a
slot 57 in alignment with the slot 5. Energy sup-
plied to the electrodes 8 and {1 establishes g radio
frequency electric field therebetween and, since
the overlapping portions of the workpiece 7 are
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pyikes 1 this field, the field produces dielec-
tric losses tl_crcm to hpau the overlapping work-

i tisns to the plasticating temperature.

e two layers may then be effected
id of pressure applied to the work by
. and {1 or by other suitable means
in a2 ma more fully set forth in the above
identified, conﬁpdiq Hoyler application.

Where the x roz"rpxece T is quite wide, it is ap-
parent that the head {85 must be made quite long
between its arm i%e and its arm or base {53
where it is connected to the bedplate § if the ma-

chine is to accommeodate the work., In such case,
the length of the electrical pmh tixrough the head
5 I"ECC.\-&@" large compared to the wave length at
the operating Irequency of the oscillator 41.
'nce J-ls path hag a high impedance at the oper-
"EQUENCY, & Jtamomg wave is set up in the
iu W cw varies in voltage between the
groeund point (8 and the roller elsctrode 8. Thus,
the roller 9, mwewd of being at ground potential,
is actually at some other pouemlal. This not only
resulfs In unstalie operation of the machine, bub
also creaves a somewhat dangerous condition for
ihie operator.

To eiiminate the standing wave, I mount on the

lower end of the arm %z an electro-conductive

plate §i. The late 8! should have a substantial
area and may be mounted either to one side of
the roller § in close proximity thereto, as shown

in the drawing, or it may be arranged to straddie
the rolier §. in any case, it is mounted ciose to
the grounded bedplate i and cooperates therewith
to provide a low impedance path between the
rolier § and the ground point {3 through which
tize high frequency current can readily return to
ground. This low impedance path, it will be
noted, is arranged iv shunt relation with the head
{5. In this way, the standing wave in the head
{5 and its attendant disadvaniages are entirely
eliminated.

Although I have shown and described but one
embodiment of my invention, it will undoubtedly
be apparent to those skilled in the art that other
modifications and forms thereof are possible. I
therefore desive that my invention shall not be
Iimited except insofar as is made necessary by the
pricr art and by the spirit of the appended claims.

I ciaim as my invention:

1. In electronic heating apparatus for heating
a dielectric workpiece, the combination of a pair
of spaced, cooperating electrodes, a source of high
frequency electric energy having a pair of output
members one of which is maintained at a refer-
ence potential and the other at a potential which
varies with respect to sald reference potential,
means coupling said eiectrodes each to a separate
onie of said output members, said coupling means
having a length which is Iong compared o the
wave length at said high frequsncy, said coupling
means being so terminated at said electrodes that
there tends to be set up'in the path between that
onne of said electrodes which is coupled to said
reierence potential output member and said last
named ouiput member a standing voltage wave
which would cause said last named elecirode to
have a voltage thereon other than at said refer-
ence potential, and iow impedance means con-
necting said last named electrode to a point at
said reference potential for providing a low im-
pedance path between said last named electrode
and said point wherehy to ellmmate said stand-
ing wave.

2, The invention set forth in claim 1 wherein
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said low impedance means comprises a reactive
element,

8. "The invention set forth in claim 1 wherein
said low impedance means comprises g capacicor.

4. In electronic heating apparatus for heating
a dielectric workpiece, the combination of a pair
of spaced electrodes adapted to receive said
workpiece therebetween, .a source of high fre-
quency electric energy having a pair of output
members one of which is maintained at ground
potential .and the other at a potential which
varies ‘with respect to ground potential, means
coupling said electrodes each to a separate one of
said.output members, said coupling means hav-
ing. a length which is long compared to the wave
length “at said high frequency, said -coupling
means being so terminated at said electrodes that
there tends to be set up in the path between that
one of said electrodes which is coupled to said
grounded output member and ground a stand-
ing wave of voltage at said frequency which
would cause said last named electrode to have
a voltage thereon other than at ground potential,
and a low impedance capacitor connected be-
tween said last named electrode and ground in
shunt with that portion of said path in which
sald standing wave tends to exist whereby to
eliminate said standing wave and bring the volt-
age on said last named electrode to ground po-
tential.

5. In electronic apparatus for heating a di-
electric workpiece, the combination of an electro-
conductive bedplate adapted to support said
workpiece, said bedplate being maintained at
ground potential, a pair of spaced electrodes gs-
sociated with said bedplate in spaced relation to
each other for receiving said workpiece there-
between, a source of high frequency electric en-
ergy having a pair of output members one of
which is also maintained at ground potential
and the other of which is maintained at s, poten-
tial which varies with respect to ground poten-
tial, means coupling said electrodes each to a
separate one of said output members, said cou-
pling means having a length which is long com-
pared to the wave length at said high frequency,
said coupling means being so terminated at said
electrodes that there tends to be set up in the
path between that one of said electrodes which
is coupled to said grounded output member and
ground a standing wave of voltage at said fre-
quency which would cause said last named elec-
trode to have a voltage thereon other than at
ground potential, and an electro-conductive
plate mounted in close proximity to said last
named electrode and in closely spaced relation
to said bedplate, said plate and bedplate co-
operating to provide a low impedance capacitor
in shunt with that portion of said path in which
said standing wave tends to exist for eliminst-
ing said standing wave and bringing the voltage
on said last named electrode to ground potential.

6. In electrical apparatus for heating a di-
electric workpiece, the combination of an electro-
conductive bedplate adapted to support said
workpiece and having an opening therein, said
bedplate being maintained at ground potential,
a pair of electro-conductive rollers arranged for
peripheral cooperation and constituting elec-
trodes adapted to receive said workpiece there-
between, one of said rollers being disposed on
one side of said bedplate and the other on the
opposite side thereof, said other roller extend-
ing through said opening into cooperative rela-
tion with said first mentioned roller, a source of
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high frequency electric energy having & pair of
output members one of which is also maintained
at ground potential and the other of which is
majintained at a potential which varies with re-
spect to ground potential, means coupling said
first mentioned roller to said grounded output
member and said other roller to said other output
member, said coupling means having a path
length between said grounded output member and
said first mentioned roller which is long com-
pared to the wave length at said high frequency,
said coupling means being so terminated at said
electrodes that there tends to be set up-in said
path length a standing wave of voltage at said
frequency which would cause said first mentioned
roller to have a voltage thereon other than at
ground potential, and an electro-conductive
plate mounted in close proximity to said “first
mentioned roller and in closely spaced relation
to said bedplate, said plate and bedplate cooper-
ating to provide a low impedance capacitor in
shunt with said path length for eliminating said
standing wave and bringing the voltage on said
first mentioned roller to ground potential.

7. In electrical apparatus for heating a dielec-
tric workpiece, the combination of an electro-
conductive bedplate adapted to support said
workpiece and having an opening therein, said
bedplate being maintained at ground potential,
a pair of electro-conductive rollers arranged for
pevipheral cooperation and constituting elec-
trodes adapted to receive said workpiece there-
between, an elongated, electro-conductive head
carried by said bedplate on one side thereof and
extending to a point over said opening, one of
said rollers being rotatably carried by said head
in alignment with said opening, means rotatably
mounting the other of said rollers on the opposite
side of said bedplate, said other roller extend-
ing through said opening into cooperative re-
lation with said first mentioned roller, a source
of high frequency electric energy having a pair
of output members one of which is also main-
tained at ground potential and the other of
which is maintained at a potential which varies
with respect to ground potential, means cou-
pling said other roller to said other output mem-
ber, said head serving to connect said first men-
tioned roller to ground but having a length be-
tween its connection to said grounded bedplate
and said first mentioned roller which is long
compared to the wave length at said high fre-
quency, said head having such an impedance at
said high frequency that there tends to be set
up in said head a standing wave of voltage at
said frequency which would cause said first
mentioned roller to have a voltage thereon other
than at ground potential, and an electro-conduc-
tive plate carried by said head in close proximity
to said first mentioned roller and in closely
spaced relation to said bedplate, said plate and
bedplate cooperating to provide a low impedance
capacitor between said first mentioned roller and
said bedplate in shunt relation with said head

5 for eliminating said standing wave and bring-

ing the voltage on said first mentioned roller to
ground potential.

8. In electronic heating apparatus for heating
a dielectric workpiece, the combination of a pair
of spaced, cooperating electrodes, a source of
high frequency electric energy having a pair of
output members one of which is maintained at a
reference potential and the other at a potential
which varies with respect to said reference poten-
tial, means coupling said electrodes each to a
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separate one of said output members, said cou-
pling means including in the portion thereof
which couples said reference potential output
member and that one of said electrodes which
is coupled to said last named output member a
member which is long compared to the wave
length at said high frequency and which has a
relatively high impedance at said high frequency
whereby there tends to be set up along said high
impedance member a standing voltage wave
which would cause said last named electrode to
have a voltage thereon other than at said refer-
ence potential, and low impedance means con-
necting said last named electrode to a point at
said reference potential for providing a low im-
pedance path between said last named electrode
and said point whereby to eliminate said standing
wave.
JOSEPH E. JOY.
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