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This invention relates to electrical heating ap-
paratus, and more particularly to apparatus for
heating electro-conductive articles by induction
with the aid of high frequency electrical energy.

in many industrisl applications, it is necessary,
during the manufacture of varvious srticles, o
apply heat thereto., In some cases, it is desirable
to apply the heatb only locally and with fzir ra-
pidity. OCne such example is in the casz of ca-
pacitor cans comprised of 2 receptacle and s
cover which is soldered thereto,

It hes been proposed, heretofore, fo employ
radic {requency energy for heating cleciro-con-
ductive articles by induction. In accordance
with customary practice smploying radio fre-
quency energy, applicator coils or inductors are
used which are placed around the work, martic-
ularly where the work is small. An arrangement
of this sort is obvicusly unsuited to & continuous
heating operaiion where 2 plurality of articles
are 10 be heated, as in conveyor belt operation.

The primary object of my invention is to pro-
vide an improved aspparstus for applying radic
frequency snergy inductively {0 2 succession of
discrefe articies to be heated.

2ore particularly, it is an object of my ores-
ant Invention fo provide sn imbproved appara-
tus for inductively heaiing - clectro-conductive
articles by means of radio frequency energy,
which spparatus is highly suitable for high speed
preduction in continuous operations.

- Ancther obiect of my preseni invention is to
rrovide an Improved apparatus as sfovesaid
wiich is particularly suited in the application of
radio frequency induction heating o eifech sol-
dering,

St another cbject of my vresent invention
is to provide an improved inductive hesting ap-
paratus by means of which elecirical energy can
e applied efficiently io the articles to be treated
during manuiacture for the purnose of selectively
generating heat within the articles while they
are moved along continuously onr @ conveyor helt.

2 Turther object of my nresent invention is to
provide improved inductive heating apparaius a8
above set forth wherein the leakage reaciance
is reduced o 2 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 are

o be selectively heated, as for soldering cor the

like, when such articles are passed along con-
tinuously hetween 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 coupling thereto. The
inductors are 2lso connected in parallel relation
electrically across the terminals of the secondary
winding of a coupling troansformer which cou-
ples the inductors o the generator, the arrange-
ment being such that the radic frequency cur-
rents will flow in opposite directions instanfa-
necusly in each of the inductors. According io

- one form of my present invention, the induc-
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tors mey be constituted by elongated conductors
the ends of which are ofiset with respect to the
Body pertion, with the ends constituting very
short leads for connection tc the transformer.
This, together with the fact that the two induc~
tors are connected together electrically in paral-
lel relation as far as the generator is concerned,
results in less effective leakage reactance; and

-this, Infurn, together with the eifect of series

coupling insoiar as the load is concerned, re-
stlts in g very high percentage of overall effi-
ciency.

The novel features that I consider character-
istic of my invention are set forth with particu-
iarity in the 2ppended claims. The invention
itself, howeve., both as to its organizaiion and
method of operation, as well as additional ob-
jects and advantages thereof, will best ve under-

stood from the foliowing description of one sm-

hodiment thereof, when read in connection with
the accompanying drawing in which:

igure 1 is a perspective view of one form of
heating device or unit constructed in accordance
with my inventicn, .

Figure 2 is 2 similar view but showing, in ad-
dition, a portion of the endless conveyor and
one unit of the work thereon in relaticn to the
heating device,

igure 3 is an enlarged, fragmenfary sectional
view taken on the line III—IIT of Figure 2, and

Figure 4 is 3 wiring diagram showing the con~
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
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of a transformer coupled to a suitable high fre-
quency oscillation generator (not shown), such
.as a vacuum tube oscillator. Surrounding the
primary winding § and spaced therefrom by plu-
rality of ecircumferentially distributed, longi-
tudinally disposed, insulated spacing members $
is a single turn secondary winding 7 of copper
sheet material. The ends 7Ta¢ and 10 of the

- in each instance.
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for the purpose of uniting the coveir to the case
Ciose magnetic coupling be-

“tween the work i8 and the inductors £ and §$
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secondary winding 7T are bent outwardly to form -

8 pair of spaced, terminal members, and they

are formed, respectively, adjacent one end with
the slots 9a and $b. : i

Connected o the secondary winding termingals

Ta and b are a pair of inductor coupling. devices

- or applicators {1 and {3 by means of which heat-

ing currents are induced in the work in the men-

ner shortly to be described. The applicators or

devices {! and 13 are constituted by conductors

having elongated, intermediate body portions

f{fa and 13a¢ formed with substantially right
angle bends (1b and 13b. The body portions {ia
and {23z are disposed physically in spaced re-
lation and are arranged generally parallel to each
other. Beyond the bends b and 13, the appli-
cators are formed with reverse or U-bends fic
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 {ia and 134 lie. As best seen
from Figure 1, the inductor or applcator {{ is
connected at one end to the terminal Ta, its
other end passing through. the slot 8¢ without
contacting the terminal Ta and being connected
to the terminal 7b. Similarly, the inductor or

applicator I3 is connected at one end to the

terminaj b, its other end passing through the
opening 9b out ‘of contact with the terminal b
and being connected to the terminsl 1a. Thus,
- the two inductors I and {3 are not only arranged
in physically parallel relation relative to ‘each
other, but are also connected in parallel relation

" electrically across the secondary winding 1, as

. will be noted from Pigure 4.

" Between'the loops formed by the U-bénds e

- and 3¢, there is movably carried an endless con-

© veyor belt I5. A plurality of insulated receptacles
~ §1 are secured to the belt 18, as by means of rivets
" 18 (only one receptacle being -shown in the draw-
ing by way of illustration). The receptacles {1
are so dimensioned that the sides thereof will be
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is obtained by reason of the fact that the recep-
tacles 17 are in close proximity to the inductors.

Since the inductors I and i3 are so connected
to the secondary winding 7 that currents will
flow therein in opposite directions instantane-
ously, as represented by the srrows A snd B of
Figure 4, it is apparent that the currents A and B
will induce in the load constituted by each of the
work units ‘§9 currents represented by arrows
C and D. Because the currents C and D are in.

" series,, it is apparent that they will be cumuls-
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tive or addifive in effect. Moreover, since the
leads constituted by the U-bends. ffc snd (3¢
which connect the hody portions {i{e snd 83a
of the inductors to the secondary terminsls Te
and 7b are very short, the leakage reactance will
be reduced to a minimum. This factor, taken
with the serles coupling of the inductors insofar

-~ as the load is concerned, results in a very high

25

percentage of overall eficiency. , :
From the foregoing description, it will be ap-

parent that my improved heating apparatus

afiords-an arrangement for heating the work on

" an endless conveyor set-up with great efficiency.

30

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 {.and i3, the temperature to'which it is

- desired to bring the work, ete. In one instalia-
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disposed in as close proximity to the hody portions -

of the inductors i1 and {3 as is feasible while the
receptacles {71 are being advanced between the
- inductors by the endless belt 5, Each of the
-receptacles {7 is adapted to receive one or more
"work units §8, - T )
. By way of illustration, the work units 19 have
been shown as constituted by capacitor cans of
conducting material and comprised of u case i8¢
to which & bottom cover 15b-is to be secured.
For this purpose, the inner surface of the bottom
88, or lower portion of the outer surface of the
case E8a, or Loth, may be coated with a layer of
relatively low melting point soider 1.
manufacture, the eases (%2 and thair covers (85
ars asembled and one or more of them placed
in each receptacle §7. The successive receptacle:
17.and their contents are advancs
conveyor {3 through the space
plicators ¢ snd £2, ag shown 3
The radic frequency currents
the inductors and {8
in the cong
surrents of ¢
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tion, for example, where the work was loaded at
a rate of about 2500 units per hour, where the
inductors 11 and 18 were approximately six inches
in length, and where 4 kw. of power were delivered
to the inductors at a frequency of 350 ke. per
second, the belt 16 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 cocling.
Although I have shown and described but one
embodiment. of my invention, it will undoubt-
edly be apparent to those skilled in the art that

-many othér forms thereof, as well as variations

in the one described, are possible. T therefore |
desire that my invention shall not be limited ex-
cept insofar as is made necessary by the prior
ert and by the spirit of the sppended claims. -

I claim as my invention: L

1.'In inductive heating apparatus, the combi-
nation of a pair of inductor coupling devices dis-
posed one along esch side of o predetermined
path with the major portion of their lengths ex-
tending along at least s portion of ‘sald path,
means for coupling sald devices to & source of
high frequency electrical energy, means conmect-
ing sald devices to said first named means in
paraliel relstion electrically and providing a
small leskage reactance, and a movable carrier
arranged for movemen$ along said path adiacent
4o gald deviees, sald carrier being adapted to SUDR-
port & plurality of electro-conductive work units
thigveon and fo move said unils in succession
ong gaid pail in inductive velation to esch of
4 deviess, the current pesssd $hrough both
& deviess serving fo induce heating currens in ‘
- sald unity as they are advances along

hey

tug, the combis
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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 throweh said devices instantaneously in
obposite 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
means. o

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
means. ) )

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

€. Heating apparatus according to claim 2
characterized by the addition of g plurality of
work supporting members secured to said car-
rier and each adapted to receive at least one of
sald 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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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

& pair of elongated conductors disposed in phys-
ically parallel, spaced relation along at least &
portion of a predetermined path with the major
portion of their lengths extending paraliel 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
sald 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.

8. 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
sald 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
means.

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 pertions 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 & single-turn, conductive,
sheet member inductively related to said primary
winding and constituting the secondary winding
of said transformer, said secondary winding hay-

.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.

WILLIAM M. WITTY.




