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This invention relates to electrical heating ap 
paratlas, and more particulary to apparatus for 
heating electro-conductive 25ticles by induction. 
with he aid oil high irequency electrica, energy, 

Iza ina,2ny industrial applications, it is necessary, 
during the inan facture of waxious articles, to 
apply heat thereto, ii. Some cases, it is desirable 
to appy the heat Cinly locally and with fair as 
pidity. Cine Such example is in the case of ca. 
p3.citor cans comprised of a, receptacle aid a 
cove; yhich is solidered thereto, 

It has ceen proposed, heretofore, to enploy 
raidic frequency energy for heating electro-coza 
ductive articles by induction. An accordance 
with customary practice employing 'adio fre 
quency energy, applicator coils or inductors are 
used which are placed around he work, partic 
ularly withere the Work is Smail. An arrangement, 
of this sort, is obviously uinsuited to 2, continuous 
heating operation where a plurality of articles 
are to be heated, as is a conveyor belt, operation. 
The primary object of my invention is to pro 

vide an improved apparatus for applying 'adio 
frequency energy inductively to a succession of 
discrete asticies to be heated, 
More particularly, it is a object of any pres 

ent invention to provide an improved appara 
tus for iaductively heating electro-conductive 
articies by means of radio frequency snergy, 
which 3pparats is highly Saitaale for high speed 
{roduction in continuous operations. 
Another object of my present, invention is to 

Orovide an improved apparatus as 3.foresaid 
'Vinich is particularly suited in the applications of 
3radio frequency induction heating to eifect, Soi 
dering. 

Still another object of gay presen, is ve:htion 
is to provide an improved inductive heating ap 
paratas oy means of Which electrical energy ca: 
be applied eficiently to the 33rtities to 3s $2'eated 
during manufacture for the purpose of selectively 
generating heat Within the articles Wiie they 
are noved along continuously or a, conveyo; heit. 

A further object of any present is veition is to 
provide improved inductive heating apparatus 2S 
above set orth wherein the leakage reactance 
is reduced to a minimum. 

Still a further object of my present invention 
is to provide improved inductive heating appare 
tus as above set forth which is inexpensive in 
cost and in operation, and which is extremely 
efficient in use. 

In accordance with the present invention, I 
make use of specially shaped inductor devices as 
applicators which form the load coupling circuit 
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of a radio frequency generator and obtain thereby 
very efficient coupling to the articles Which 3,re 
to be selectively heated, as for soldering or he 
like, when such articles are passed along CO 
tinuously between these inductors. The induc 
tors are arranged in physically parallel relation 
and the work is passed between them in Such a 
manner as to obtain close couping thereto. The 
inductors are also connected in parallel relation 
electrically across the terminals of the Secondary 
winding of a coupling transformer which coul 
pies the inductors to the generator, the arrange 
ment being such that the radio frequency cur 
rents will flow in opposite directions instanta 
neously in each of the inductors. According to 
one form of my present invention, the induc 
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tors may be constituted by elongated conductors 
the ends of which are offset with respect to the 
bcdy portion, with the ends constituting Very 
short leads for connection to the transformer. 
This, together with the fact that the tWO induce 
tors are connected together electrically in paral 
el relation as far as the generator is concerned, 
results in less effective leakage ireactance; and 

- this, in turn, together with the effect of Series 
couping insofar as the load is concerned, re 
suits in a very high percentage of overall effi 
giency. 
The novel features that I consider character 

istic of ray invention are set forth with particul 
iarity in the 2ppended claims. The invention. 
itself, howeve., both as to its organization and 
nethod of operation, as well as additional ob 
jects and advaitages thereof, will best he linder 
stood from the soliowing description of one en 
agdinnexat, thereof, when read in connection with 
the accompanying drawing in which: 

Figure i is a perspective view of one form of 
heating device or unit constructed in accordance 
with inny iVeritica, 

3igure 2 is a similar view out showing, in ad 
dition, a, portion of the endless conveyor and 
one unit, of the work thereon in relation to the 
kheating device, 

#igure 3 is an enlarged, fragmentary Sectional 
view taken on the line II-III of Figure 2, and 

Figure 4 is a wiring diagram showing the coin 
nection of the coupling inductors to the trans 
former and the relation of the inductors to the 
work. 

Referring more particularly to the drawing 
wherein similar reference characters designate 
corresponding parts throughout, there is shown a 
tubular supporting member of insulated mate 
rial on which is wound the primary Winding 3 

  



2 
of a transformer coupled to a suitable high fre 
quency oscillation generator (not shown), such 
as a vacuum tube oscillator. Surrounding the 
primary winding 3 and spaced therefrom by plu 
rality of circumferentially distributed, longi 
tudinally disposed, insulated spacing members 5 
is a single turn secondary winding of copper 
sheet material. The ends a and b of the 

in each instance. 

8,385,904 
for the purpose of uniting the cover to the case 

Ciose magnetic couping bear 
tween the work is and the inductors and 3 

s 

secondary winding 7 are bent outwardly to form 
a pair of spaced, terminal members, and they 
are formed, respectively, adjacent one end with 
the slots 9a, and 9b. 
Connected to the secondary winding terminals 
a and b are a pair of inductor coupling devices 

or applicators and 3 by means of which heat 
ing currents are induced in the work in the man 
ner shortly to be described. The applicators or 
devices and 3 are constituted by conductors 
having elongated, intermediate body portions 
ifa and 3a formed with substantially right 
angle bends b and 3b. The body portions a 
and 3a are disposed physically in spaced re 
lation and are arranged generally parallel to each 
other. Beyond the bends b and 835, the appli 
cators are formed with reverse or U-bends ic 
and 3c to provide end portions which are dis 
posed in Substantially parallel planes approxi 
mately at right angles to the plane in which the 
body portions fa and 3d lie. As best seen 
from Figure 1, the inductor or applicator is 
connected at one end to the terminal a, its 
other end passing through the slot 9a without 
contacting the terminal Ta, and being connected 
to the terminal 7b. Similarly, the inductor or 
applicator f3 is connected at one end to the 
terminai Tb, its other end passing through the 
Opening 9b out of contact with the terminal b 
and being connected to the terminal Ta. Thus, 
the two inductors it and 3 are not only arranged 
in physically parallel relation relative to each 
other, but are also connected in parallel relation 

0. 

is obtained by reason of the fact that the recep 
tacies it are in close proximity to the inductors. 
Since the inductors if and 3 are so connected 

to the secondary winding that currents will 
flow therein in opposite directions instantane 
Ously, as represented by the arrows A and 8 of 
Figure 4, it is apparent that the currents A and 3 
Will induce in the load constituted by each of the 
Work units 9 currents represented oy arrows 
C and D. Because the currents C and D are in 

5 

20 

25 

30 

35 

40 

electrically across the secondary winding 7, as 
will be noted from Figure 4. 
Between the loops formed by the U-bends ic 

and 3c, there is movably carried an endless con 
veyor belt 5. A plurality of insulated receptacles 

are Secured to the belt 5, as by means of rivets 
8 (only one receptacle being shown in the draw 

ing by Way of illustration). The receptacles 
are so dimensioned that the sides thereof will be 
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disposed in as close proximity to the body portions 
of the inductors and 3 as is feasible while the 
receptacles are being advanced between the 
inductors by the endless belt 5. Each of the 
receptacles is adapted to receive one or more 
work units 9. a. 

By way of illustration, the work units as have 
been shown as constituted by capacitor cans of 
conducting material and comprised of a case ga 
to which a bottom cover 3b is to be secured. 
For this purpose, the inner surface of the bottom 
6b, or lower portion of the outer surface of the 

case 9a, or both, may be coated with a layer of 
relatively low melting point; soider 35. During 
manufacture, the cases Sa sad their covers 6 at 
are aSetiabled and one or more or ;hern placed 
in each receptacle . The successive sealeplacies 
A. and their contents are afiyaacss 372 Giess 
conveyor is through tie sg33 betwees the ap 
plicators Bnd 3, as shown : Zigs. 2 aria. 
he radio frequency curiterats ;S:25 througi: 

the in giucíos en . s 
in the cy 
3rrests c : 
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Series, it is apparent that they will be cumulae 
tive or additive in effect. Moreover, since the 
leads constituted by the U-bends c and 3e 
Which connect the body portions SC and 3 
of the inductors to the secondary terminais g 
and b are very short, the leakage reactance will 
be reduced to a minimum. This factor, taken 
with the series coupling of the inductors insofar 
as the load is concerned, results in a very high 
percentage of overall efficiency. 
From the foregoing description, it will be ap 

parent that my improved heating apparatus 
affords an arrangement for heating the work on 
an endless conveyor set-up with great efficiency. 
The speed of the conveyor belt 5 and the power 
input into the work will, of course, depend upon 
various factors, such as the rate at which an oper 
atOr can load the work, the lengths of the in 
ductors fi. and 3, the temperature to which it is 
desired to bring the work, etc. In one instalia 
tion, for example, where the work was loaded at 
a rate of about 2500 units per hour, where the 
inductors and 3 were approximately six inches 
in length, and where 4 kW. of power were delivered 
to the inductors at a frequency of 350 kc. per 
second, the belt 5 was advanced at a rate of 
about 20 feet per minute. In this particular 
installation, the inductors ff and 3 and the pri 
mary winding 3 were all made of copper tubing 
through which water was passed for cooling. 
Although have shown and described but one 

embodiment of my invention, it will undoubt 
edly be apparent to those skilled in the art that 
many other forms thereof, as well as variations 
in the one described, are possible. Etherefore 
desire that my invention shall not be limited ex 
cept insofar as is made necessary by the prior 
art and by the spirit of the appended claims. 

claim as Iny invention: ; 
i. in inductive heating apparatus, the combi 

Enation of a pair of inductor coupling devices dis 
posed Oile along each side of a predetermined 
path with the Eajor portion of their lengths ex 
tending along at least a portion of said path, 
2 eans for coupling said devices to 8 source of 
high frequency electrical energy, means connect 
ing said devices to said first named means in 
&rallel relation electrically and providing a 

Saal leakage reactance, and a novable carrier 
arranged for noveinent along said path adjacent 
&b said devices, said carrier being adapted G sp 
ragt a p2iality of electro-conductive work visits 
$2.Éirear azhi to thove said Lysis is successicg, 

gig Said g33. in indictive 'eatios to eac: Gi 
i. sievices, the current passed irougi: both 
ti devices serving x indice heating clarger, g, 

S. iridiuctive heating ap;&ratus, the corabi. 
gii;ig day ii 
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tending along at least a portion of said path, 
means for coupling said devices to a source of 
high frequency electrical energy, means provid 
ing a small leakage reactance connecting said de 
vices to said first named means in parallel rela 
tion electrically in such a manner that current 
will flow through said devices instantaneously in 
Opposite directions, and a movable carrier ar 
ranged for movement along said path adjacent to 
said devices, said carrier being adapted to sup 
port a plurality of electro-conductive work units 
thereon and to move said units in succession 
along said path in inductive relation to said de 
vices, the current passed through said devices 
Serving to induce heating current in Said units 
as they are advanced along said path. 

3. Heating apparatus according to claim 2 
wherein said inductor coupling devices include 
short leads whereby they are connected to said 
realS. . 
4. Heating apparatus according to claim 2 

wherein said inductor coupling devices are com 
prised of relatively elongated members disposed 
in physically parallel relation, said members ter 
minating in relatively short offset portions con 
Stituting leads for connection thereof to said 
leanS. w 

5. Heating apparatus according to claim 2 
characterized by the addition of a plurality of 
work supporting members on said carrier, each 
a?lapted to receive at least one of said work units. 

6. Heating apparatus according to claim 2 
characterized by the addition of a plurality of 
Work Supporting members secured to said car 
rier and each adapted to receive at least one of 
Said work units, and characterized further in 
that said work supporting members are so ar 
ranged on Said carrier as to be in close proximity 
to said inductor coupling devices as said mem 
bers are advanced along said path whereby to 
effect close magnetic coupling between said de 
vices and the units in said members. 

7. In inductive heating apparatus, the combi 
nation of a transformer of which the primary 
Winding is adapted to be connected to a source 
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45 
of high frequency electrical energy, a pair of . 
inductor coupling devices, means connecting said 
inductor coupling devices in electrically parallel 
relation across the terminals of the secondary 
winding of Said transformer and providing a 
Small leakage reactance, said devices comprising 
a pair of elongated conductors disposed in phys 
ically parallel, Spaced relation along at least a 
portion of a predetermined path with the major 
portion of their lengths extending parallel to said 
path portion, and a movable conveyor adapted 
to support a plurality of electro-conductive work 
units arranged for movement along said path to 
advance said units through the space between 
Said devices and in close proximity thereto where 
by to bring said units successively into inductive 
relation with each of said devices. 

8. Heating apparatus according to claim 7 
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characterized in that said conveyor is constituted 
by an endless belt. 

9. Heating apparatus according to claim 7 
characterized in that said conveyor is constituted 
by an endless belt, and characterized further by 
the addition of a plurality of work receiving re 
ceptacles Secured to said belt, said receptacles 
being of Such dimensions and being so disposed 
on Said belt that the sides thereof are in close 
proximity to Said conductors while they are being 
moved through said space. 

10. In inductive heating apparatus, the combi 
nation of a movable carrier, a plurality of work 
supporting elements mounted on said carrier and 
adapted to be moved through an endless path 
thereby, a pair of inductor devices disposed in 
physically parallel relation. One on each side of 
said path with the major portion of their lengths 
extending along at least a portion of said path 
whereby said elements will be moved between 
Said devices, Said devices being also connected 
in parallel relation electrically, means for cou 
pling said devices to a source of high frequency 
energy, and means providing a small leakage re 
actance connecting said devices to said coupling 
e8.S. 
11. In electrical heating apparatus, the com 

bination of a transformer having a multi-turn 
primary winding and a single-turn, conductive, 
sheet member inductively related to said primary 
winding and constituting the secondary winding 
of Said transformer, said secondary winding hav 
ing a single pair of output terminals, and a pair 
of inductor coupling members connected in par 
allel relation electrically across said secondary 
winding output terminals, said members each 
comprising an elongated conductor having its 
end portions offset from the body thereof, and 
the terminals of said end portions being connect 
ed to said secondary winding output terminals. 

12. In electrical heating apparatus, the combi 
nation of a transformer having a multi-turn pri 
mary winding and a single-turn, conductive, 
sheet member inductively related to said primary 
winding and constituting the secondary winding 
of said transformer, said secondary winding hav 
ing a single pair of elongated output terminals, 
and a pair of inductor coupling members con 
nected in parallel relation electrically across said 
Secondary winding output terminals, said mem 
bers each comprising an elongated conductor dis 
posed along a separate one of said elongated out 
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put terminals and having its end portions offset 
from the body thereof, and the terminals of said 
end portions being connected to said secondary 
winding output terminals. 

13. An inductor coupling device comprising an 
elongated conductor having end portions bent 
substantially at right angles to the body portion 
thereof, said end portions having reverse bends 
in parallel planes each substantially normal to 
said body portion, and said reversely bent por 
tions extending generally in the same direction. 

WAMIM, WTTTY. 


