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7. Claims. 
1. 

My invention broadly relates to the high-fre 
quency heating of elongated conductive material, 
Such as one or more wires, strip and the like, as 
the material progressively moves. My invention 
more Specifically relates to a type of heating sys 
tem in which elongated material is fed through 
2, high-frequency heating means in such a man 
)er that the length of the material in the heat 
ing region is commensurate with the wave length 
corresponding to the frequency or frequencies of 
the current from an alternating-current power 
Source, Such as for example, a tube-oscillator 
power source, which feeds the heating means. 
An object of my invention is to provide a con 

duction heating System for a fine wire. 
Another object of my invention is to provide 

a Small Simple System for effectively and effi 
ciently concentrating considerable power in a 
Small part of a fine wire travelling at a high 
speed. 
A further object of my invention is to intro 

duce large heating power into a moving wire, 
strip, or the like, with minimum losses. 

In accordance with my invention, a high-fre 
quency System is provided for heating elongated 
material by conduction. The system, in effect, 
establishes Standing WaWe patterns of Voltage and 
current in the material, the total wave pattern 
being limited in length so as to prevent exces 
sive power loss, and the heating being concen 
trated in a fraction of that distance where the 
current is highest. The system is especially suit 
able for heating travelling material because power 
can be supplied to it through conducting mem 
bers located at the current nodal points. The 
conducting members are preferably guiding roll 
e.S. 

Other objects, innovations and features of my 
invention will be discernible from the following 
description which is to be taken in conjunction 
with the accompanying schematic drawing, in 
which: 

Figure 1 is a diagram of a simplified system 
representative of a preferred form of my inven 
tion; 

Fig. 2 is a cross sectional view of a part of a 
system for heating a plurality of wires or a com 
paratively wide strip; and 

Fig. 3 is a view, similar to that of Fig. 1, of a 
modified form of the invention. 
The embodiment shown in Fig. 1 comprises a 

pair of similar axially-aligned quarter-wave 
length isolating sections and 2 each in the form 
of a coaxial transmission line comprising con 
centric hollow inner and outer cylinders or tubes 

(C. 219-11) 

O 

15 

20 

25 

40 

2 
3 and 8, respectively. The embodiment of Fig. 1 
is intended to heat a single wire So that the cyl 
inders are preferably circular in croSS Section. 
i he work to be heated, in the form of round iron 
wire W, in tension, first passes axially through 
the inner tube 3 of the entrance Section , then 
follows a loop 5 having straight sides between 
the Sections and 2, and finally passes axially 
through the inner tube 3 of the exit section 2. 
Preferably, the isolating sections are of copper 
or other material of much higher electrical con 
ductivity than the work, or of much lower mag 
netic permeability than the work, or both. It is 
to be understood that the work, or the wire in this 
case, may be unrolled from a coil before passing 
through the heating means and then finally cut 
into lengths, rewound on a reel for forming a sec 
ond coil, or otherwise handled. Other treating 
Steps may be included along the path of travel 
Of the Work. 

Metallic or conducting guiding rollers 6 posi 
tion the Wire at the entrance end of the Section 
l; conducting guiding rollers 7 and 8 respectively, 
insulated from ground, guide the wire at the exit 
end of the section and at the entrance end 
of the section 2, in other words at the ends of 
the loop 5; and conducting guiding rollers 9 po 
sition the wire at the exit end of the section 2. 
The central point or middle of the loop 5 is 
wrapped around a grounded roller -0. The loop 
length is the distance of one side of the loop 
5, and the length of material between the iso 
lating sections is at least twice this loop-length. 
The rollers 6 and the ends of the tubes 3 and 

4 at the wire-entrance end of Section are main 
tained at the same potential, preferably ground, 
by any Suitable means, indicated as a grounded 
conductor 2; and a similar means, shown as a 
grounded conductor 3, maintains the rollers 9 
and the ends of tubes 3 and 4 at the Wire-exit 
end of the section 2, at the same potential, pref 
erably ground. The portion of the Wire W con 
tacting the rollers T is kept, by a conductor 4, 
at the potential of the exit-end of the inner tube 

5 3 of the Section f, and the portion of the Wire 
5 contacting the rollers 8 is kept, by a conductor 
5, at the potential of the entrance end of the 

inner tube 3 of Section 2. 
The length of each of the isolating sections 
and 2 is one quarter of the Wave length which 

corresponds to the frequency of the power Sup 
ply, and the total length of the wire comprising 
loop 5 is one-half of this wave length. Prefer 
ably the total length of the material in the loop 

55 should be equal to 2-4m quarter wave lengths, 
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where n is any positive integer, including Zero. 
The corresponding loop-length would be 1-212 
quarter Wave lengths. A high-frequency power 
supply 6 is connected across the insulated ends 
of the inner tubes 3 or across the rollers 7 and 8. 
Preferably the voltage source is not grounded, 
so that the current flow into and from the Wire 
takes place at the current nodal points at the 
rollers T and 8. However, the central point of 
the power source can, if desired, be grounded, as 
schematically indicated by the conductor T haw 
ing a switch for interrupting the grounding con 
nection. 

In the embodiment shown, each half of the 
loop 5 electrically constitutes one conductor of a 
two-wire transmission line which is one-quarter 
of a wave-length long, the line being short-cir 
cuited at the roller O and, in effect, substantially. 
open circuited at the rollers 7 and 8. The im 
pedance of such a line, short-circuited at one end, 
varies from substantially zero at the short-cir 
cuited end to a relatively high magnitude at the 
open-circuited end. When Such a line is con 
nected to a source of power, the frequency of 
which corresponds to the electrical wave-length 
of the line, the current distribution along the 
line is non-uniform, having a maximum at the 
short-circuited end and a minimum, or nodal 
point, at the open-circuited end. Accordingly, 
when the open-circuited end of the loop 5 is COin 
nected to a source of power, current entering the 
loop at the connection points is of lower Order 
of magnitude than the maximum current in the 
loop which would be along the center of the 
loop. Thus a current of high magnitude for heat- : 
ing is caused to flow through the central portion 
of the loop 5 while a current of relatively low 
magnitude flows between the Wire and the roller's 
and 8. 
Power is dissipated and converted to heat in 

the loop 5 by reason of the ohmic losses and the 
hysteresis losses, if any, in the wire. A grounded 
cylindrical shield 8 around the loop 5 limits 
radiation of electromagnetic energy. 
The Wire is fed into and leaves the heating 

equipment at points of Safe ground potential, be 
cause the wire-entering and wire-leaving ends of 
the quarter-wave isolating sections and 2 are 
short-circuited and grounded, and are directly 
connected to the wire through the rollers and 
9, respectively. 
The isolating sections prevent diversion of any 

appreciable amount of power into the Wire except 
in that portion forming the loop 5. The current 
flow in the portion of the Wire in the isolating 
sections and 2 is substantially Zero, as the cur 
rent concentrates in the surrounding tubular 
members 3. Because the isolating sections and 
2 comprise members having relatively large sur 
face areas and made of material of high con 
ductivity and low permeability, the losses due to 
the current flowing in the members of these sec 
tions are Sufficiently Small that no significant 
portion of the power Supplied is consumed in 
these sections. Also, because the electromagnetic 
fields associated with the currents in these sec 
tions are confined almost entirely to the space 
between the inner and outer members 3 and i, 
respectively, power losses due to radiation from 
these sections are also negligible. 

In order to more finely adjust the reflected 
impedance at the point where current is fed into 
the loop 5, auxiliary rollers or other contact mak 
ing devices to which the power source may be 
connected, may be positioned at intermediate 
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4. 
points along the loop, as indicated by the rollers 
9 and 20. 
Fig. 2 is a cross section of a System using oval 

or oblong cylindrical members for the isolating 
sections. Each section may be comprised of an 
inner member 2 and an outer member 22. Such 
a form is useful when the Work to be heated 
constitutes a comparatively wide strip or a plu 
rality of individual parallel Wires running 
through the Sections. 

Fig. 3 shows a further modified form of my 
invention in which the wire or work to be treated 
is given only one turn or bend. In this embodi 
ment, the isolating sections 3 and 32 are ar 
ranged alongside of each other with the entrance 
and exit ends for the Work connected at ground 
potential as indicated, through rollers 33 and 34. 
The other ends of the tubes of the isolating Sec 
tions, which are at the loop for the work, are 
arranged as previously described, with each end 
of the inner tubular members of the sections 
maintained at the same potential as the portion 
of the wire thereat, by means of conductors 35 
and 36, respectively, and rollers 37 and 38, re 
Spectively. The Work loop 39 passes around a 
roller 46 which may be grounded. The electrical 
lengths of the isolating sections and half of the 
Work loop are each one-quarter wave-length. 
A particular advantage of the system described 

is that it is readily adaptable to various compact 
arrangements, as in Fig. 1, in Which the loop of 
the material being heated is perpendicular to the 
isolating Sections; and in Fig. 3, in which the 
system comprises two parallel sections. In each 
case, the shortest distance between the power 
Supply connection-points, such as rollers 7 and 
8, is considerably leSS than the length of the na 
terial in the heating loop 5. 
A Wide range of frequencies, preferably in the 

megacycle range, is utilizable with my invention. 
Limiting factors for consideration include the 
heat gradient desired in the work, shorter loops 
giving Steeper gradients and requiring higher 
frequencies; the physical size tolerable in the ap 
paratus, the size decreasing with increasing fre 
quency; and the dependency upon frequency of 
the efficiency of the current source, the output 
of which must be adequate. 
While I have described my invention in forms 

which I believe to be preferred and desirable, 
it is obvious that the teachings of my invention 
are of broad Scope and its principles applicable 
to forms other than that herein described. 
I claim as my invention: 
1. Conduction heating means comprising 

neans for guiding progressively-movable elon. 
gated conductive material in a path providing a 
loop of material, said path providing portions 
for lengths of material at each end of said 
loop, means for conductively applying a high-fre 
quency power Source to said material on opposite 
Sides of Said loop, a tubular metallic isolating 
Section at each of Saidpath-portions, said lengths 
of material passing through said sections, each 
Section being a quarter-wave length with re 
Spect to the wave-length of the power delivered 
by Said power Source, the material in the loop 
having a length which is substantially an even 
number of times the electrical length of said sec 
tions, and means for conductively connecting the 
material to the ends of said sections which are 
away from Said loop. 

2. Conduction heating means comprising a pair 
of spaced tubular sections, each section compris 
ing a pair of nested metal tubes, means for guid 
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ing progressively-movable elongated material 
through the inner ones of said tubes of said sec 
tions, and providing a loop-length of material 
therebetween, and grounding means for ground 
ing a point of said material, said grounding 
means comprising a grounding member between 
and spaced from said sections, said material being 
wrapped around said grounding member, ends 
of said sections facing said grounding member 
being effectively insulated, the other ends of said 
sections and the material thereat being grounded. 

3. Conduction heating means comprising a pair 
of spaced tubular sections, each section compris 
ing a pair of nested metal tubes, means for guid 
ing progressively-movable elongated material 
through the inner ones of said tubes of Said Sec 
tions, and providing a length of material between 
opposite ends of said Sections, means for applying 
a high-frequency current to the material, said 
sections being electrically a quarter wave length. 
of the Supplied current, said opposite ends of Said 
sections having portions effectively insulated from 
ground means for maintaining the material at 
said opposite ends at the potential of Such por 
tions, the said length of material being substan 
tially an even multiple of an odd number of quar 
ter-wave-lengths corresponding to the frequency 
of said current, grounding means for the mate 
rial at the other ends of said sections, and ground 
ing means for grounding a central point of Said 
length of material. 

4. Conduction heating means for elongated 
progressively - movable material, comprising 
means for guiding said material, Said means pro 
viding a loop in said material, the ends of the 
loop being insulated, means for grounding a cen 
tral point of the loop, and means for conductively 
feeding high-frequency current to said loop at 
points other than said point of Said loop, the fre 
quency being such as to provide a standing wave 
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pattern of current along said loop having current 
nodal points substantially at the said points 
where the current is fed to said loop. 

5. Conduction heating means for elongated 
progressively - movable material, comprising 
a pair of Separated isolating sections, each com 
prising a pair of nested hollow metallic cylindrical 
members, means for guiding said material Suc 
cessively through the inner members of said sec 
tions, Said Sections being spaced to provide a 
loop of material therebetween, means for elec 
trically tying the material-entrance-end and the 
material-exit-end of each of said inner members 
to the material thereat, the other ends of said 
inner members at said length of material being 
insulated, and a high-frequency power source 
having opposite supply terminals at Spaced points 
on said loop for supplying high-frequency power 
thereto of such wave lengths as to make said 
Sections quarter wave lengths electrically. 

6. The invention of claim 5 having the further 
feature of means for grounding a central point 
of said loop of material. 

7. An invention including that of claim 6 but 
characterized further by the outer ones of said 
members being grounded. 

ARTHUR. C. GOOONOW. 
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