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1. 
This invention relates to electronic heating ap 

paratus, and more particularly to apparatus en 
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 
plastic 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 included (1) a grounded 
metallic bedplate for supporting the work, (2) a 
head or frame supported by the bedplate, (3) a 
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 roller 
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 
which 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 subject to the aforementioned disadvantage of 
similar prior art apparatus. 
More: particularly, it is an object of my present 

invention to provide 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 uniforn 
in operation, as well as safe for the operator. to 
USe: 
Another object of my, present invention is to 

provide an improvement; in apparatus of the type 
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 
area, around or in close proximity to the upper 
electrode roller (that is, the one intended 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 material presented to the machine. 
The novel features that I consider character 

istic of my invention are set forth with particut. 
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 readin connection with the 
accompanying drawing, in which 

Figure 1 is a front elevation, partly in section, 
of one form of electronic 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 a metallic 
bedplate provided with an opening 3 and a slot 
5. The bedplate serves to support a workpiece 
7 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 . 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 
5, also of electro-conductive material, the head 
5 terminating in a downwardly extending arm 
5a, which is spaced from the bedplate and in 
which the roller 9 is mounted for vertical adjust 
ment. For the latter purpose, the roller 9 is Se 
cured to a shaft which is rotatably carried by a 
yoke 9. Secured to the yoke 9 is a bracket 2 
Which carries a vertical shaft 23 slidable ver 
tically in and splined to a hollow shaft 25 Within 
the arm 5d. The yoke 9 also carries a post 22 
which extends through a vertical slot 29 in one 
side of the arm 5d. By manipulating the post 
27 manually within the slot 29, the assembly com 
prising the roller 9, the yoke 9, the bracket 2 , 
the shaft 23 and a pair of bevel gears 3 which 
couple the shafts and 23 to each other may be 
raised or lowered as a unit relative to the bedplate 
and the roller . When the rollers 9 and 

are separated, the Workpiece T may be inserted 
therebetween, after which the roller 9 is lowered 
onto the work. 
The shaft 25 is coupled by a pair of bevel gears 

33 to a shaft 35 within the head 5. A motor 37 
carried by the head 5 drives the shaft, 35 which, 
in turn, delivers power to the shafts 25, 23 and 

for driving the upper roller 9. The lower roller 
, which is rotatably supported on a shaft 39 

below the bedplate in electrically insulated re 
lation thereto and which extends through the 
Opening 3 into Cooperative relation with the roll 
er 9, may also be driven by suitable coupling 
means (not shown) from the motor 37. Thus, as 
the rollers 9 and rotate while engaging the 
workpiece , they advance the Workpiece between 
them. 
For supplying electrical energy to the roilers 

9 and , there is provided a suitable, high fre 
quency oscillation generator 4, such as a vacuum 
tube oscillator operating at radio frequency. One 
terminal of the oscillator 4 is connected to the 
ground point 3 by the outer conductor 53 of a 
concentric transmission line. The other termi 
nal of the oscillator 4 is connected to the lower 
roller by means of the inner conductor 45 of 
the aforesaid transmission line and a brush or 
Wiper 47. A tuning capacitor comprising a me 
tallic cylinder 49 carried by the conductor 35 and 
a metallic sleeve 5 which surrounds the cylinder 
49 in spaced relation thereto and which is slid 
ably mounted in a metallic tube 53 conductively 
supported by the bedpiate and through which 
the bedplate i may be connected to the ground 
point 3, if desired, serves to tune the circuit. 
The capacitance of the capacitor 49, 5 may be 
varied manually to tune the circuit for loads of 
different thicknesses between the roller elec 
trodes 9 and by means of a post 55 secured to 
the capacitor sleeve 5 and extending through a 
slot 5 in alignment with the Siot, 5. Energy Sup 
plied to the electrodes 9 and i establishes a radio 
frequency electric field therebetween and, since 
the overlapping portions of the Workpiece 7 are 
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Of the two laye's lay tie: be effected 
aid of pressure applied to the work by 

. and or by other suitable means 
in a Yaasier in ore fully set forth in the above 
ideratified, coperadirig, Fioyler application. 
Where the Workpiece is quite wide, it is ap 

p3.rent that, the head 5 in ust be inade quite long 
between its arm $3a and its arin or base 56 
Where it is coninected to the hedplate if the ima 
(inine is to accoinincidate the Work. In Such case, 
the eigth of the electrical path through the head 
is becoiries iaige compared to the wave length at 
the cperating frequency of the oscillator 3. 
Since this path has a high impedance at the oper 
atti:2g frequency, a staiding wave is set up in the 
ead 5 whici varies in voltage between the 

ground point E3 and the roller eisctrode 9. Thus, 
the roller 3, instead of being at ground potential, 
is actualiy at SOR1e other potential. This not only 
Jesuits in unstale operation of the inachine, but, 
also creates a soriiewinat dangerous condition for 
tie opei'atoir. 

'io eiiniilate tile standing wave, nount on the 
lower end of the 3 in Sid an electro-conductive 
islate & S. the plate 88 should have a substantial 
ai'ea, and Kaay be nounted either to one side of 
the rollier 3 in close proximity thereto, as shown 
in the drawing, or it may be arranged to straddle 
the roiler S. in aily case, it is Younted ciose to 
tie grounded bedplate and cooperates therewith 
to provide a low in pedance path between the 
roller s and the ground point 3 through which 
tie high frequency current can readily return to 
groLind. This low impedance path, it will be 
noted, is arranged in shunt relation with the head 

5. In this way, the standing wave in the head 
ES and its attendant disadvantages 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 desire that my invention shall not be 
limited except insofar as is made necessary by the 
prior art and by the Spirit of the appended claims. 
iciaim as my invention: 
1. In electronic heating apparatus for heating 

a dielectric workpiece, the coinioination 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 
erce potential and the other at a potential which 
varies With respect to said reference potential, 
means coupling said eiectrodes each to a separate 
One of Said output members, Said Coupling means 
having a length Wihich 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 eiectrodes which is coupled to said 
reference potentiai output raember and said last 
in arried output, member a standing voltage Wave 
which would cause said last nained electrode to 
have a voltage thereon other than at said refer 
ence potential, and iOw impedance means con 
necting Said last nanned 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 stand 
ing Wave. 

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

said low impedance means comprises a capacitor. 
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 
Said 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 as 
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 a 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 eliminat 
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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6 
high frequency electric energy having a pair of 
output members one of which is also maintained 
at ground potential and the other of Which is 
maintained 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 
Sinember, 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 
atting to provide a low impedance capacitor in 
Shurt, 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 
bed plate 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, 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 
molating 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 
bed plate cooperating to provide a low impedance 
capacitor between Said first mentioned roller and 
Said bedplate in shunt relation with said head 
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 inenbers 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 coul 
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, 
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