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United States Patent Office . 

2,821,611 
ARCUATE, CYLANDRICAL AND CUP-SHAPED 

COMPOSITE R. F. EECTRODES 

Julius W. Mann and George F. Russell, Racota, Wash. 
Application March 18, 1954, Serial No. 417,069 

7 Claims. (C. 219-10.61) 

In our copending application on a Composite Electrode 
Heat Storage Applicator, Ser. No. 417,068, filed August 
19, 1954, we described and claimed a particular type of 
composite R. F. electrode heat storage applicator that was 
flat in shape. This type of R. F. applicator has been used 
successfully in the bonding of scarfed joints by radio fre 
quency heat where the problem arose of causing the 
feather edges or tips of the scarfed joints to adhere firmly 
to the stock. The flat type of R. F. applicator has also 
been used with marked success on the adhesion of thin 
veneer face stock to core stock. The flat type of applica 
tor has many other uses also. 
The composite R. F. electrode can be used for other pur 

poses if it is changed in shape from a flat type to an 
arcuate shape, a cylindrical shape or a cup shape. For 
example, the R. F. drying of ribbon or threads after they 
have been dyed with a particular color or the heat treat 
ment of any general dielectric material such as paper, felt, 
cardboard, cellulose products, or such dielectric material, 
can be accomplished with our composite electrodes without 
the danger of arcing even though the material is still moist 
or wet with the liquid dye, or other materials which might 
be prone to induce arcing. If two unprotected R. F. 
electrodes contact such materials, there will be a great 
tendency for the high frequency current to pass from one 
electrode to the other in the form of an arc, using Such 
dielectric material as the path along which it will travel, 
thus ruining the material by burning it. Unprotected or 
unheated R.F. electrodes normally operates while in a cold 
state, thus inducing moisture condensation on themselves 
which again aids in starting R. F. arcs between the elec 
trodes. 

It is now known that in a standing wave system, the 
electric strain is greatest in the region of the potential state; 
namely, the voltage antinodes. The highest voltage strain 
is at the surface of the work or live electrodes in a single 
standing wave system of the kind shown in our Patent No. 
2,506,158, issued May 2, 1950, on a Standing Wave in a 
Radio Frequency Circuit. It is also known that the volt 
age drops to zero somewhere between the two electrodes 
as will be shown hereinafter in more detail. Therefore, if 
each live electrode is enclosed in a cylindrical layer of a 
high loss dielectric of suitable thickness, and the cylindri 
cal layer in turn has its outer surface protected by a metal 
sleeve, then the moist or wet dielectric strand contacting 
the metal sleeve (or idling electrode) will be spaced the 
proper distance from the live electrode to reduce the high 
voltage strain at the point of contact. There will be less 
tendency in such a structure as we have invented for an 
electric arc to pass from one composite electrode to the 
other and use the moist dielectric as a path. 
We have further disclosed in our Patent No. 2,599,850, 

issued June 10, 1952, on the Process of Controlling and 
Placing of R. F. Heat in a Dielectric, that the heat place 
ment between the live electrodes can be controlled so that 
certain areas can be made hotter than others. In the 
present case, we provide a cylindrical form of composite 
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R. F. electrode and a moisture-containing dielectric strand 
is passed by the two of these composite electrodes so as to 
contact with the outer metal tubing or idling electrode of 
each. The two composite electrodes are connected to a 
source of R. F. oscillations, such as the radio circuit shown 
in our Patent No. 2,506,159, and the inclusion of the high 
loss dielectric cylindrical layers locates the peak of energy 
conversion more nearly in these high loss dielectric layers 
with the result that their temperature will be raised and 
they in turn will heat the outer metal tubes or idling elec 
trodes by conduction. The moist strand or ribbon-like 
dielectric material contacting the heated metal outer 
sleeves of the two composite electrodes as it continuously 
passes thereby, will be dried by conduction due to the 
actual contact with the metal tubes or idling electrodes, as 
well as by the R. F. field of force generated between the 
two composite electrodes and through which the moist 
strand-like dielectric passes. The heating of the outer 
metal sleeves prevents condensation forming thereon and 
reduces arcing tendencies. 
The physically heated metal sheath or idling electrode, 

surrounding the high loss dielectric interposed between 
itself and the R. F. charged live electrode, and against 
which passes the moist dielectric materials to be heated or 
dried wholly or in part, has the added useful purpose of 
preventing condensation on its structure, of moisture 
vapors that are forced out of or evaporated from the drying 
dielectric by the high frequency field of force. Thus, the 
heated idler or encasement sheath prevents a primary 
cause of arcing in dielectric high frequency heating and 
drying; namely, the collection of condensing vapors on 
cold electrode surface areas, which are most conducive to 
the commencement of R. F. arcs. 

In the present case, we also show a cup-shaped con 
posite R. F. electrode. The live electrodes are centered 
in metal cups that constitute the idling electrodes, and a 
high loss dielectric material is placed in each cup and 
supports the live electrode so that no part of it contacts 
with the inner surface of the metal cup. The “cupper' 
composite electrode may be used for heating liquid dielec 
trics that flow thereby and the liquid may in turn carry 
the solid dielectrics which also may be heated. 

Care must be taken that the liquid dielectric in which 
the cupper composite electrodes are immersed, does not 
flow over the top rims of the metal cups or idling elec 
trodes. The cupper composite electrodes are normally 
used, in pairs and plus and minus instantaneous electrical 
charges are impressed on the live electrodes when they 
are connected to an R. F. source. Because of the isola 
tion of the live or central electrodes, the liquid or elec 
trolyte being heated could be of any characteristic so long 
as the exposed metal cup would not enter into composi 
tion with the liquid in which it is immersed. 

In a continuous process, the liquid dielectric material 
would float around and past the cup-shaped composite 
electrodes, which themselves are immersed in the liquid. 
Again, the liquid dielectric would be heated not only by 
the R. F. field as it passed between R. F. composite elec 
trodes, but in addition, it would be heated by coming into 
contact with the heated metal cups. The metal cups in 
turn are heated by contacting with the high loss dielectric 
material that is contained in the cups and this same mate 
rial prevents any electrical connection between the live 
electrodes and the cups or idling electrodes. 
Other objects and advantages will appear in the follow 

ing specification, and the novel features of the device will 
be particularly pointed out in the appended claims. 
Our invention is illustrated in the accompanying draw 

ings forming a part of this application, in which: 
Figure 1 is a front elevation of two cylindrical-shaped 

composite electrodes shown connected to a R. F. oscilla 



2,821,611 
3. 

tor and having moist or wet strand-like dielectric continu 
ously passing thereby and contacting with both composite 
electrodes; 

Figure 2 is an enlarged longitudinal section through 
one of the composite electrodes shown in Figure 1: 

Figure 3 is an enlarged horizontal section taken along 
the line II-III of Figure 1: 

Figure 3A is a schematic sectional view of two modi 
fied composite R. F. electrodes, each having a slightly 
Curved outer surface on its idling electrode against which 
the moist or wet strand-like dielectric contacts as it con 
tinuously passes thereby; 

Figure 4 is a diagrammatic view illustrating the current, 
voltage and power curves in the radio circuit in relation 
to the two composite electrodes that are connected to 
the radio circuit; 

Figure 5 is a diagrammatic view illustrating the heat 
CITVeS generated by the radio circuit and their relation to 
the two composite electrodes: 

Figure 6 is a modified form of composite electrode 
where the outer shell takes the form of a cup and two 
of these are used for heating a liquid dielectric that may 
have solid dielectrics therein; 

Figure 7 is a top pian view of Figure 6; and 
Figure 3 is a longitudinal section through one of the 

composite electrodes iii-Istrated in Figure 7. 
While we have shown only the preferred forms of our 

invention, it should be understood that various changes 
or nodifications may be made within the scope of the 
appended claims without departing from the spirit and 
scope of the invention. 

in carrying out our invention, we provide two identical 
composite R. F. electrodes and they include a pair of 
live electrodes indicated at A and B in Figure 1. The 
live electrodes are made of metal which will conduct radio 
frequency current and are preferably cylindrical in cross 
section although we do not wish to be confined to any 
particular cross-sectional shape. A surrounding layer of 
a high loss dielectric is mounted on each live electrode, 
and these are shown at C and D in Figures 2 and 3. 
A metai sleeve or idling electrode encloses each surround 
ing or cylindrical layer of the high loss dielectric, and 
these are illustrated at EE and F in Figures 1, 2 and 3. 
The electrodes A and B are considered live electrodes 

while the metal sleeves EE and F may be termed idling 
electrodes. The cylindrical layer of the high loss dielec 
tric C or D, may consist of asbestos, transite or other 
suitable materia. These cylindrical layers C and D act 
as insulators between the live electrodes A and B, and 
the idling electrode metal sleeves EE and F. The cylin 
drical insulating layers C and D also act as heat storage 
areas and in turn will heat the idling electrodes EE and 
F by conduction in a manner hereinafter set forth. 

Soth. Figures 1 and 2 illustrate a continuously moving 
inoist or wet dielectric G, contacting the outer surfaces 
of both retai sleeves or idling electrodes EE and F. In 
our cope:nding case on the composite electrode heat stor 
age applicator, and in our Patent No. 2,599,850, we show 
a graph of a power curve when the current and voltage. 
Crves are partially in phase. A similar graph is shown 
in Figure 4 of the present drawings in relation to the 
two coin posite electrodes. The standing wave distribu 
tion. Curves Y and Y are shown when the current and 
the voltage curve E are brought more into phase by the 
placing of the energy-consuming moist or wet dielectric G 
Sc that it will contact both of the idiing electrodes EE 
and F as the strand-like moist or wet dielectric is con 
tinuously moved thereby. 
The power peaks of the power curves Y and Y, will 

deiiver heat to the continuously moving moist or wet di 
electric G at the points X and X in the capacitance por 
tic: W of the R. F. circuit. The inductance portion L 
is also shown in Figure 4. Dot-dash lines and 2 extend 
from the power crests Y and Y to the points X and X" 
on the moist or wet flexible continuously moving dielec 

10 

5 

20 

2 5 

w 

43 

50 

O 

65 

y 

75 

4. 
tric G. In Figure 4, the power crests Y and Y are shown 
on opposite sides of the x-axis, whereas in Figure 5, the 
power crest Y has been revolved 180 so as to extend 
on the same side of the x-axis. The small loops asso 
ciated with the large loops in both Figures 4 and 5, are 
the negative power loops. The current loops and the 
voltage loops E, are not shown in Figure 5. 

Figure 1 shows the live electrodes A and B connected 
to a high frequency oscillator H by wires 3 and 4. The 
radio frequency circuit of the osciliator H is preferably 
of the type described and claimed in our Patent No. 
2,506,158, issued May 2, 1950, on a Standing Wave in a 
Radio Frequency Circuit. It is possible to use a radio 
circuit that is a single or double ender and we therefore 
do not wish to be confined to either a single ender or 
a double ender type of radio circuit. In our Patent No. 
2,599,850, we show that the electric field in a standing 
wave system is nonuniform and therefore the placement 
of maximum peak energy conversion will be located at 
the points X and X on the moist or wet strand-like con 
tinuously moving dielectric G. 

It has been shown that little or no heat energy is re 
leased at the surface of the live electrodes A and B. On 
the other hand the voltage potential is high at points ad 
jacent to the live electrodes, as indicated by the voltage 
curve E in Figure 4. Both Figures 4 and 5 illustrate the 
crests of the power curves Y and Y, lying near the cylin 
drical layers C and D of the high loss dielectrics. These 
layers C and will therefore be heated because they 
are composed of a heat-retaining dielectric, such as as 
bestos. The layers C and D when heated, will also heat 
the idling electrodes EE and F by conduction, and the 
latter will heat the portions of the moist or wet con 
tinuously moving strand-like material G. that contacts 
therewith, and prevent vapor condensation on the surface 
of such members. 

It should be kept in mind that the heated cylinders 
EE and F prevent vapor condensation from forming there 
on even though the dielectric material. G. being heated is 
moist or wet. The elevated temperatures of the heated 
idling electrodes EE and F prevent any loose moisture: 
vapor driven off from the dielectric G, from condensing 
on these outer electrodes. 
The thickness of the cylindrical layer of the high loss, 

material C and D, determines the proportion of energy, 
used to heat the high loss dielectric forming the cylin. 
drical members C and D. In Figure 5, the proportion 
of energy so used is represented by the shaded, areas: 5, 
6, 7. The dielectric strain on the load G in the capaci 
tance W, is reduced by the amount absorbed by the di 
electric G in the high voltage E. field area. The thinner 
the cylindrical layer C or D, the more nearly the electric 
strain approaches the maximum voltage strain which per 
tains when the load or fabric dielectric G. rides directly. 
on the live electrodes A and B without being spaced 
therefrom by the materials C and D. 
The tendency for any arcing between the live electrodes 

A and B and moving through the moist or wet dielectric 
G as a conductor is practically eliminated for the reason 
that in a standing wave system, the electric strain is great 
est in the region of the potential state; namely, the voltage. 
antinodes. In Figure 4, the voltage curve E shows that 
the highest voltage strain is at the live electrodes A. and 
B. The voltage drops to zero where the voltage curve 
E. Crosses the x-axis. The metal sleeves or idling elec 
trodes EE and F are spaced from the live electrodes 
A and B by the thickness of the high loss dielectric cylin 
drical layers C and D. Therefore the voltage potential 
of the curve E will not be so great at the metal sleeve EE 
and F as it is at the live electrodes A and D, because the 
voltage curve is nearer the x-axis and therefore nearer 
to Zero potential. 

In Figure 5, we show the R. F. lines of force 8 that 
extend between the live electrodes A and B when they 
are connected to the R. F. oscillator H, shown in Figs: 
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1, 3A and 6. The lines that flow through a portion of 
the continuously moving moist or wet strand or fabric G 
are indicated by the stippled area 8a. This portion of 
the dielectric G will therefore be heated by the R. F. 
lines of force and the two hot spots will be at X and X' 
as already explained. In addition, the continually mov 
ing moist or wet strand G will be subjected to a drying 
action by coming into direct contact with the heated 
metal sleeves EE and F at G1 and G2, see Figures 3, 4 
and 5. Moisture in the continuously moving strand G 
will be effectively dried by: one, the application of ex 
ternal heat of conduction from the heated sleeves EE 
and F at the contact points G1 and G2, and; two, the 
application of internal heat of radio frequency by the 
radio frequency lines of force 8a. 
The heat stored in the high loss dielectric cylinders 

C and D, may reach several hundred degrees Fahren 
heit, and these will heat the metal sleeves or idling 
electrodes EE and F. This heat will be transferred to 
the continuously moving moist or wet dielectric G and 
will travel into the dielectric to aid in the drying oper 
ation. The strand G continuously moves in the direc 
tion of the arrow 9, shown in Figures 1, 3, 4 and 5. 
The high loss dielectric cylinders C and D act as cauls 
for spacing the strand G from the live electrodes A and 
B, and they also store heat. The metal sleeves EE and 
F prevent wear taking place on the cylinders C and D 
from the continuously moving moist or wet strand G 
contacting therewith and conduct the stored heat from 
the cylinders to the strand. 

In Figure 3A, we show a slightly modified form of 
composite R. F. electrode that has an outer surface which 
is convex in shape, but does no necessarily have to be a 
complete cylinder as is shown by the cylindrical sheaths 
EE and F of the composite electrodes in Figures 1, 2 
and 3. The live electrodes are indicated at Q and Q'. 
A layer R and R' of a high loss dielectric material is 
placed on the live electrodes Q and Q', and spaces them 
from idling electrodes S and S', that have their outer sur 
faces 15 and 15' convex in shape. 

Wires 3' and 4 connect the live electrodes Q and Q’ 
to the high frequency oscillator H. The moist or wet 
strand G continually moves past the idling electrodes S 
and S as indicated by the arrow 9 and the dielectric G 
tangently contacts the idling electrodes S and S at the 
points G1 and G2. 

This form of the invention operates in the same general 
manner as the form illustrated in Figures 1, 2 and 3. 
Heat is generated in the layers R and R' when the live 
electrodes Q and Q are connected to the high frequency 
source of current H, and a radio frequency field of force 
is established between the R. F. composite electrodes. 
The heated layers R and R' will in turn heat the idling 
electrodes S and S by conduction. Any moisture driven 
off from the dielectric strand G and contacting the idling 
electrodes S and S will be quickly evaporated because 
the idling electrodes are heated. There will be no tenden 
cy for arcing between the idling electrodes due to the 
condensation of any moisture thereon. 
The moist or wet dielectric strand G will be dried as 

it passes through the R. F. field established between 
the composite R. F. electrodes, and as it comes into direct 
contact with the heated convex surfaces 15 and 15 of 
the idling electrodes S and S at the points G1 and G2. 
One of the major points of novelty that resides in the 

two forms thus far described is that the heated outer 
shells EE and F, and the heated convex plates S and S', 
will not collect condensing moisture vapor from the ma 
terial being heat-treated in the R. F. field and that con 
tacts these members. It should be understood that the 
dielectric strand G is to be construed broadly enough 
to include any general class of moist dielectrics that can 
be heat treated for elevating its temperature and thereby 
assist in eliminating at least a portion of its moisture con 
tent. 
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It should also be kept in mind that the invention is 

not to be restricted to only drying a dielectric. We wish 
to include the heat treatment of a dielectric substance 
that passes the idling electrodes and contacts therewith. 
Our invention contemplates the heat treatment or the 
drying of a dielectric because one may be accomplished 
without the other and vice versa. 

In Figures 6, 7 and 8, we show another modified form 
of composite R. F. electrode that is designed to be used 
in heating liquid dielectrics. One of these modified com 
posite electrodes is illustrated in section in Figure 8, and 
it comprises a live electrode J, that is placed in a cup 
shaped idling electrode K, and is insulated therefrom by 
a high loss dielectric LL. The high loss dielectric LL 
practically fills the cup and may be asbestos, transite, etc. 
Two composite electrodes of the modified type are shown 
in Figures 6 and 7, and the left-hand one in both figures 
will be given the same letters to similar parts as that ill 
lustrated in Figure 8, while the similar parts of the right 
hand composite electrode in Figures 6 and 7 will re 
ceive the same letters except that they will be primed. 
One use of the cup-shaped form of composite elec 

trodes is illustrated in Figures 6 and 7, where we show 
a trough M and cause a liquid dielectric N to flow along 
the trough in the direction of the arrow 10. The liquid 
may carry solid dielectrics P, see Figure 6, that are to 
be heated, or the liquid N itself may be heated by the 
R. F. field lines of force. The live electrodes J and J’ 
are connected to the high frequency oscillator H by wires 
11 and 12, see Figure 6. 
When the R. F. oscillator H is turned on, radio fre 

quency lines of force will pass between the live electrodes 
J and J’ and will heat the liquid dielectric N that flows 
between the composite electrodes. If the liquid dielec 
tric carries the solid dielectrics P, they will be heated 
also by the radio frequency lines of force. The members 
P may be particles of food such as peas or corn kernels 
that are to be cooked. 
The high loss dielectric LL and L'L' will store heat in 

the same manner as the insulating cylinders C and D, 
and the insulating layers R and R', and this heat will 
be conducted by the cup-shaped idling metal electrodes 
K and K to the liquid N for heating it. The liquid N 
will therefore be heated by the radio frequency lines of 
force from the live electrodes J and J' and also by con 
tacting with the cup-shaped metal idling electrodes K 
and K. 

If it is desired to cause the liquid dielectric N to move 
in the direction of the arrow 10 in Figure 7, and to 
carry the solid dielectrics P, past the composite elec 
trodes without damming up in front of the electrodes, 
baffles, not shown, could be placed in advance of the 
electrodes. These baffles could have their leading edges 
contacting the side walls of the trough M, and the other 
ends of the baffles could be placed adjacent to the por 
tions of the outer surfaces of the electrodes that are dis 
posed nearest to each other. All of the solid dielectrics 
would then be guided between the composite electrodes 
by the angularly arranged baffles. The baffles would not 
be necessary if only the liquid dielectric is being heat 
treated by the composite electrodes. 
The spacing between the two composite R. F. elec 

trodes and their relation to the side walls of the trough 
M in Figures 6 and 7, should be carefully considered. If 
the trough M is metallic or non-dielectric, the spacing 
between the composite electrodes and the trough should 
be so arranged that a minimum proportion of the R. F. 
energy is dissipated through the trough structure from 
one composite electrode to the other. It is of course de 
sirable that the greatest amount of R. F. energy pass 
through the dielectric fluid N and the solid dielectrics P 
from one composite electrode to the other. We there 
fore do not wish to be confined to the exact spacing be 
tween the various parts as is illustrated in Figures 6 and 7. 
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We claim: 
1. A composite R. F. electrode comprising: a live elec 

trode adapted to be connected to a source of high fre 
quency current; a layer of a high loss dielectric material 
contacting a portion of the live electrode; and a metallic 
idling electrode contacting the layer of dielectric material 
and thereby being separated from the live electrode; said 
idling electrode having an outer surface that is convex 
in shape. 

2. A composite R. F. electrode comprising: a live elec 
trode adapted to be connected to a source of high fre 
quency current; a layer of a high loss dielectric material 
enclosing a portion of the live electrode; and a metallic 
idling electrode consisting of a metal sleeve covering the 
periphery of a dielectric layer and being free of any elec 
trical connection with the live electrode; said idling elec 
trode being adapted to contact with the surface of the di 
electric work...that is to have a high frequency field applied 
thereto, and to space the work from the live electrode: 
said layer of high loss dielectric material being adapted to 
store heat generated by the high frequency field emanat 
ing from the live electrode and to deliver the heat to the 
idling electrode so that this heat can be applied at least 
in part directly to the work by conduction. 

3. A pair of composite R. F. electrodes: each com- c. 
prising an elongated live electrode adapted to be con 
nected to a Source of radio frequency current; a layer 
of a high loss dielectric material enclosing a portion of 
each live electrode; a metallic idling electrode consisting 
of a metal sleeve covering the periphery of each dielec 
tric layer and being free of any electrical connection with 
the live electrode; the two idling electrodes being adapted 
to contact with the surface of a work dielectric so as to 
space the work from the live electrodes; the layers of 
high loss dielectric storing heat generated by the radio 
frequency field formed between the two electrodes and 
delivering this heat to the idling electrodes and to the 
work dielectric by conduction; the heated metallic idling 
electrodes preventing any condensation of water vapor 
thereon; and the two live electrodes establishing an R. F. 
field around the work for heating it internally. 

4. A composite R. F. electrode comprising: a metallic 
idling electrode consisting of a cup-shaped member made 
-of a conducting material; a high loss dielectric material 
carried by the cup-shaped member; an elongated live 
electrode having one end embedded in the high loss di 
electric material so as to be insulated from the idling 
electrode; said live electrode being adapted to be con 
nected to a source of high frequency current. 
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5. A pair of composite R. F. electrodes: each com 

prising a metallic idling electrode consisting of a cup 
shaped member made of a conducting material; a high 
loss dielectric material carried by each idling electrode; 
an elongated live electrode for each idling electrode and 
having an end embedded in the high loss dielectric ma 
terial so as to insulate the live electrode from the idling 
electrode; said live electrodes being adapted to be con 
nected to a source of high frequency current so as to 
establish a radio frequency field therebetween; the R. F. 
field also penetrating the high loss dielectric materials 
for heating them; the two idling electrodes being adapted 
to be immersed in a liquid dielectric; whereby a portion 
of the radio frequency field will heat the liquid dielec 
tric; the heat received by the high loss dielectric mate 
rials being delivered to the idling electrodes and to the 
liquid dielectric by conduction. 

6. An apparatus for the R. F. heat treating of a mov 
ing dielectric work comprising: a pair of composite R. F. 
electrodes, each consisting of substantially concentric 
Outer and inner metallic members, separated by a high 
loss dielectric layer; the inner metallic members being con 
nected to a source of R. F. energy for establishing an 
R. F. field of force between the composite electrodes; 
whereby the dielectric layers will be heated by the R. F. 
field and in turn will heat the outer metallic members by 
conduction so that the moving dielectric work when con 
tacting the outer hot metallic members will be heated in 
ternally and will also be penetrated by the R. F. field of 
force for the internal heating of the dielectric work and 
the elevation of its temperature. 

7. A composite electrode comprising a curved metallic 
heat-retaining electrode and adapted to contact with di 
electric work; a similarly contoured live electrode evenly 
spaced from the first-mentioned electrode and being con 
nectible to a source of high frequency current; and a high 
loss dielectric material fixed between the two electrodes; 
the heat-retaining electrode having no galvanic connection 
with the live electrode. 
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