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The present invention relates to induction ap 
paratus, particularly such apparatus adapted for 
induction Welding. 
The principal object of the invention is to 

provide induction apparatus which are character 
ized by economy of power consumption as Con 
pared with apparatus and methods of similar 
function now known. 
Another object of the invention is to provide 

an induction apparatus comprising a Source of 
alternating current, and a work application cir 
cuit including an induction coil in the field of 
which the work is disposed, said apparatus in 
cluding means for preventing change of fre 
quency of the alternating current supplied to the 
coil, by reason of variations in the work appli 
cation circuit caused by the disposition of the 
work in the field of the coil. 
Another object of the invention is to provide 

an apparatus for inducing electrical currents and 
heat in the work, including an induction coil in 
the field of which the work is disposed, which 
apparatus induces maximum current in the Work 
and maintains the current at a substantially con 
stant maximum value. 
Another object of the invention is to provide 

an apparatus of the character described, includ 
ing a frequency determining oscillator circuit 
which imposes and maintains a definite frequency 
on the currents transmitted to the Work appli 
cation induction coil. 

Ancillary to the above objective, it is a purpose 
of the present invention to provide an apparatus 
including a frequency determining oscillator and 
an induction coil in a work application circuit, 
said oscillator being protected from the work ap 
plication circuit so that variations in the latter 
caused by the insertion of the work in the field 
of the coil will not vary the frequency imposed 
on the currents by the frequency determining 
oscillator. 
A further object of the invention is to provide 

an apparatus comprising a work application cir 
cuit including an induction coil, and a frequency 
determining oscillator, which are in resonance 
with one another, so that maximum currents 
will flow in said coil and even greater maximum 
currents will be induced in the Work. 
A further object of the invention is to provide 

0 an apparatus comprising a frequency determin 
ing oscillator and a work application circuit in 
cluding an induction coil, the relative reactances 
of which are such that the work application cir 
cuit is placed in resonance with the circuit of 
the frequency determining oscillator when Work 

(C. 219-13) 
of known characteristics is disposed in the field 
of the coil. 
With respect to the preceding objective, it is 

a purpose of the invention to provide a power 
amplifier which automatically adjusts itself to 
its output conditions without overloading of or 
Stage to the Vacuum tubes and associated cir 
Cl. 

A further object of the invention is to provide 
an apparatuS comprising a voltage amplifier or 
amplifiers and a work application circuit includ 
ing a coil for inducing heat in the work, having 
means for Varying the heat induced in the work 
Over a wide range by relatively Small variations 
in the voltage applied to the voltage amplifier or 
amplifiers before amplification. 
Another object of the invention is to provide 

an apparatus including a pair of induction coils 
disposed adjacent to One another So that their 
fields augment one another, Said coils being ener 
gized by alternating currents of different fre 
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quencies, so that currents of different frequen 
cies will be induced in the Work. 
Another object of the invention is to provide an 

apparatus including a pair of induction coils dis 
posed adjacent to One another so that their fields 
augment one another, the frequency of the cur 
rents in Said coils being maintained constant by 
a common frequency determining oscillator. 

Ancillary to the above objective, it is a purpose 
of the present invention to provide an apparatus 
including adjacently located induction coils 
which are Supplied with alternating current, hav 
ing means for shifting the respective currents of 
the coils substantially 90° out of phase with one 
another, so that work disposed in the fields of the 
Coils has induced therein currents having closely 
following impulse peaks. 
A further object of the invention is to provide 

an induction heating or Welding apparatus 
equipped with means for selectively or automati 
cally controlling to a fine degree the heat induced 
in the work. 

Included in the above objective, it is a purpose 
of the invention to provide for Substantial 
changes in the heat induced in the Work by only 
minute changes in the Voltage applied to certain 
amplification stages of the apparatus. The ac 
complishment of the latter purpose nakes prac 
tical the utilization of a light-responsive device 
Such as a photo-electric cell as the agency respon 
sive to the condition of the work, this type of 
device by its very nature responding to heat or 
color conditions of the work by setting up only 
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slight variations of current in the circuit of 
which it is a part. 
A particular object of the invention is to pro 

vide apparatus and methods for welding the side 
seams of metal cans or the like by induction, 
which maintain a uniform Weld in Spite of dis 
turbances in the welding circuit incident to Weld 
ing, as well as changes in said circuit due to 
various factors, such as variations in the thick 
ness of the stock being welded. However, the in 
vention applies equally to the welding of all types 
of tubular bodies, large or Small, as well as the 

s 

40 

45 

70 

S 

welding of flat plate stock and the like. 
Various other objects and advantages of the 

invention will become apparent as the descrip 
tion thereof progresses. It will be understood 
that while the present invention applies particu 
larly to induction welding, the invention may be 
used to advantage in the accomplishment of 
other kinds of work, such as induction heating 
and the like. However, certain features of the 
invention may be limited to use Solely in con 
nection with welding. 
The above are not all of the important objec 

tives of the invention, and other objects and ad 
vantages of the invention will be apparent as the 
specification progresses. 

In the drawings, which are illustrative of the 
invention and are not intended to restrict the 
Same in any SeaSe. 

Figure 1 is a wiring diagram of a simplified 
form of the invention showing diagrammatical 
ly the manner in which the apparatus may be 
adapted for the use of more than one induction 
coil. 

Figure 2 is a wiring diagram of a modification 
of the invention, wherein automatic means is 
provided for controlling the heat applied to the 
Work by the induction coil or coils. 

Figure 3 is a diagrammatic view of two induc 
tion coils, showing the manner in which their 
fields augment one another, as well as the dis 
position of the work with respect to the same. 
Figure 4 is a horizontal sectional view of a 

pair of induction coils, showing the work travers 
ing the fields of the same, with conventional 
welding devices employed to press the engaging 
edges of the work together as the work traverses 
the fields. 

Figure 5 is a similar view showing a single 
coil equipped with a conventional welding de 
vice for forcing the edges of the Work together, 
as said work traverses the field of the Coil. 

It will be understood that the circuits and con 
nections disclosed in the drawings are illustra 
tive only, and other known circuits and connec 
tions may be used if desired. 
The invention relates to induction devices of 

the type in which alternating current is Sup 
plied to a coil, with the resulting formation of 
a field around said coil, in which field the work 
is disposed for the accomplishment of various 
purposes. Primarily, the present invention is 
adapted for use in the performance of Welding 
operations, but as hereinbefore mentioned, other 
similar operations may likewise be accomplished. 
In the induction welding of a tube, the tube is 

passed through a field formed as above, and 
successive opposed points along the edges of the 
tube are forced together under pressure as the 
tube traverses the field. By reason of the trans 
former action of the coil, currents are caused to 
flow across the seam of the tube at the points 
where the edges contact, these currents general 
ly travelling circumferentially of the tube. The 
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point where the currents cross the seam of the 
tube is the point of maximum resistance to flow 
of these currents, and the localized heat caused 
by this resistance results in a weld when suf 
ficient pressure is applied to the engaging edges. 
I have found that by using high frequency 

currents, particularly currents of frequency 
above 5000 cycles per second, an effective weld 
may be produced with a minimum expenditure 
of power. While the invention is not limited in 
use to any particular range of frequencies, it 
can probably be used with the minimum possi 
bility of interference in a range of from 10,000 
to 100,000 cycles. Practical welding has been 
performed at approximately 25,000 cycles in the 
development of this invention. In prior art de 
vices using the higher frequency currents, as dis 
tinguished from currents of commercial fre 
quency, it has not been possible to maintain the 
current supplied to the induction coil at a uni 
form frequency, due to disturbances in the coil 
circuit caused by the work being disposed in the 
field of the coil, or, in the case of Welding, by the 
flow of the Welding currents. 
I have overcome such disadvantage inherent 

in induction welding or similar Operations by 
providing a frequency determining oscillator 
which controls the frequency of the currents sent 
to the welding circuit, together with means in 
cluding a one-way power amplifier circuit for 
preventing the above mentioned disturbances in 
the welding circuit from being "thrown back' 
into the master or frequency determining oscil 
lator to vary the imposed frequency. The pres 
ent invention greatly differs from prior art sys 
tems in which a self OScillator is electrically or 
inductively coupled directly with the work ap 
plication circuit, in which systems the frequency 
of oscillations generated changes in response to 
changes in the work application circuit when the 
work is disposed in the field of the coil, or when 
welding actually commences. This disadvantage 
of such prior art devices is present when the 
same are operated at any frequency. The above 
"throw back' prevention feature is an advanta 
geous characteristic of the present invention 
when currents of any frequency are employed. 
The principal parts of the circuit of the pres 

ent invention are: the frequency determining 
Oscillator circuit A, the power amplifier circuit 
B, and the work application or welding circuit D. 
The frequency determining oscillator circuit 

includes a conventional pentode tube having a 
filament Screen grid, control grid, space charge 
grid and filament. The control grid is connected 
through a grid leak and condenser combination 
0 with an oscillating tuning circuit including 

the coil L and variable tuning condenser C 
disposed in parallel relation with respect to One 
another. The frequency imposed on the power 
amplifier, hereinafter described, is determined by 
the tuning of the LC circuit. The other end 
of the LC circuit is connected with primary 
coil f4 of the iron core transformer T through 
the condenser 5. The filament is heated by al 
ternating current from the commercial power 
leads 6, which leads connect with the fla 
ment through a transformer which steps down 
the voltage of the applied current. A space 
charge grid is employed in the vacuum tube, be 
ing connected into the coil IL by the lead as 
shown. 
The plate potential is Supplied by current 

which flows through the primary coil 4 from the 
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direct current source 20. The screen grid has a as 
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direct current voltage imposed upon it by being 
connected to a variable resistance 2 disposed 
between the positive direct current power lead 2 
and the negative direct current power lead 23. 

High frequency current is generated in the 
primary coil 4 of the iron core transformer T 
by the oscillations of the above mentioned ther 
mionic tube. The frequency of the current gen 
erated is determined by the tuning of the LC 
circuit, which may be accomplished in practice 
by adjustment of the condenser Cf. The high 
frequencies thus generated and which pass 
through the primary coil 4 are by-passed from 
the direct current power source through the con 
denser 5 to the ground 24. 
While the above type master or frequency de 

termining Oscillator may be used, any other well 
known type may be employed, such as the Hartley 
oscillator. 
The power amplifier circuit B comprises a pair 

of thermionic tubes 3 and 3 arranged in push 
pull relation. It will be understood that the par 
ticular arrangement of the tubes will be a matter 
of convenience, and Only a single tube need be 
used in each amplifier. Furthermore, while only 
one amplifier is shown, a plurality of the same 
may be used if desired. The power amplifier is 
shown directly coupled to the frequency determi 
nating Oscillator, but if one or more stages of 
voltage amplification are used between the power 
amplifier and the frequency determining Oscil 
lator, the latter will be coupled to the former 
through these stages. Alternating current of 
amplified voltage is supplied to the grids of tubes 
30 and 3 from the Secondary 32 of the trans 
former T2. A pair of resistances 33 and 34 are 
provided in parallel with the sections of the coil 
32 to prevent the amplifier circuit from oscillat 
ing at its own frequency. The filaments of the 
tubes 30 and 3 are energized from commercial 
power leads 35 through the step down transform 
er 36. The plates of the tubes 30 and 3 are 
connected to the primary 37 of an iron core 
transformer T3. The plates of the tubes 30 and 
3 are energized from a positive direct current 
power lead 38, which is connected intermediately 
of the ends of the coil 3. The filaments of the 
tubes 30, 3 are connected with the negative 
direct current power lead 39. 
To increase the efficiency of the amplifier, 

direct current from a power lead 40 connects 
With the filament, and a corresponding negative 
power lead 4 is connected with the grid. Suit 
able connections 43 and 44 are provided for 
grounding the alternating currents produced, 
from the direct current power source leads. 

Alternating current of high frequency and 
amplified voltage is caused to pass through the 
primary coil 37 of the transformer T3 by the 
oscillations of the power amplifier circuit, the 
frequency of the current being at all times con 
trolled and maintained by the frequency im 
posed by the frequency determining Oscillator A 
on the grids of tubes 30 and 3. 
The secondary 46 of the transformer T3 con 

nects with the work application or welding cir 
cuit, the latter comprising the condenser C2 and 
the coil L2 in parallel. The oscillations of the 
high frequency current in the coil L2 causes a 
field to be built up around the same in the well 
known manner, and it is in this field that the 
work is disposed for welding or other operations. 
In order that maximum current may flow in the 
Work application circuit, the same is tuned to 
resonance with the circuit of the frequency de 

3 
termining oscillator, or preferably the latter cir 
cuit is tuned to the natural frequency of the 
Work application circuit. 
The frequency determining Oscillator A is not 

directly coupled with the power amplifier B, but 
these respective circuits are coupled together 
through the intermediate variable resistance 47 
to permit the voltage which is applied to the 
grids of the vacuum tubes 30 and 3 f to be varied. 
In this manner, the power transferred to the in 
duction coil 12 may be controlled, which in turn 
provides control of the heat induced in the 
Work W. 

In the operation of the entire circuit described, 
Suitable power is applied to the plates of the 
vacuum tubes of the power amplifier, and this 
current is changed to alternating current of high 
frequency by the amplifier, said alternating cur 
rent having its frequency controlled by the fre 
quency imposed upon the grids of the vacuum 
tubes 30 and 3 by the frequency determining 
oscillator. This alternating current of high fre 
quency and amplified voltage is passed to the 
work application or welding circuit containing 
the capacity C2 and inductance L2 through the 
transformer T3, producing a field around the 
coil L2, in which field the work is disposed to 
induce welding currents, heat and the like, as 
described. 
The frequency of the induced currents is at 

all times under control and may be varied at the 
frequency determining oscillator by adjustment 
of the capacity C. Furthermore, the heat in 
duced in the Work may be controlled by the re 
sistor 47, adjustment of which will change the 
voltage amplified by the power amplifier. In 
connection with the last-named adjustment, sub 
stantial amplified corresponding variations in 
power applied to the work will result from minute 
changes in the Voltage applied to the grids of the 
amplifier. Thus power control over a wide range 
is provided by minute voltage variation. 
While the inductance and capacity of the cir 

cuit of the frequency determining oscillator may 
be tuned to resonance with the welding circuit 
containing L2C2, in practice, welding circuits will 
be constructed having selected values of L2 and 
C2, these Selected values being such that when 
the work, which will be of known characteristics, 
is disposed in the field of the coil, it will have 
Such reactance as to tune the welding circuit to 
resonance with the frequency determining os 
cillator. 
That is to say, the welding circuit in the ab 

Sence of the work will be somewhat short of 
resonance, but will be placed in exact resonance 
when the work of known characteristics is dis 
posed in the field of the coil. By work of 'known 
characteristics' I mean work of relatively uni 
form composition and mass, whose permeability 
will be such as effect a predetermined change 
of magnetic flux of the coil and consequently a 
known change in its reactance. The work ap 
plication circuit thus has means comprising its 
fixed inductance and capacity providing a per 
manent reactance, and means comprising the 
work providing a removable reactance. 
With this resonant condition, a maximum 

current will flow in the coil of the welding circuit, 
and correspondingly increased maximum current 
Will be induced in the work. The elements from 
which the resonant circuit is constructed, includ 
ing the coil, are selected so that they have min 
imum resistance. While the theory of resonance 
is known, its advantages cannot be availed of in 
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circuits employing currents of relatively low fre 
quencies, as the extreme size of the capacity and 
inductance units which would be necessary to 
provide resonance in the work application cir 
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that their fields augment one another. 

cuit would make their use prohibitive. 
In the performance of welding, the Work may 

comprise a tubular body Whaving a longitudinal 
open side seam to be welded. This tubular body 
will be passed through the field of the coil L2, 
and during such passage Successive opposed 
points along the engaging edges of the tubular 
body will be brought into contact and pressed 
together as these points pass through the field 
of the coil. Due to the high frequency used, and 
the resonant condition of the Welding circuit, 
the current in the coil L2 will immediately rise 
to its maximum value and the induced current 
will correspondingly rise to an even higher max 
imum value. Furthermore, the resistance across 
the seam of the tube will be immediately in 
creased to a marked degree by heat resulting 
from the instantaneous flow of heavy current 
across the seam, thus further increasing the heat, 
making possible instantaneous and rapid welding 
of the engaging edges of the tube when sufficient 
pressure is applied. The welding may be con 
tinued for any length of time desired, and only 
a minimum of current need be supplied to the 
resonant circuit even though very heavy current 
will be induced in the work. That is, the power 
source being in resonance with the work appli 
cation or welding circuit, only small impulses of 
current need be applied to the latter to keep 
it oscillating, so long as these impulses are ap 
plied in resonance, and the resonant circuit cur 
rent maximum is much higher than the maxi 
mum of the applied current. 

It will thus be seen that the leads to the work 
need not be of great diameter, as they carry only 
the Small current necessary to keep the resonant 
circuit oscillating. Consequently the bulk of the 
apparatus may be kept at a central point and 
the leads 1 can be made as long as desired to 
reach the point of work application, without ex 
cessive power loSSes, as in the case of apparatus 
such as conventional welding systems, in which 
heavy currents must be continuously carried to 
the work, thus necessitating heavy leads to avoid 
power loSS. 
The work application circuit which is placed in 

resonance by the presence of the work results in 
a pronounced advantage in association with the 
power amplifier disclosed, the latter adjusting 
itself to its output by only drawing the working 
current when the work is in the field of the coil, 
and idling while drawing minimum current when 
no work is present in said field, and the work 
application circuit is not in resonance. As a 
result, plate heating of the power amplifier tubes 
is held to a minimum, making unnecessary the 
use of extra large or water cooled tubes. 
While effective work may be performed with 

the use of only a single coil, greater field in 
tensity for a unit power plant may be provided 
by employing a plurality of coils disposed in ad 
jacent relation to One another in such fashion 

While 
any number of additional coils may be employed, 
for the sake of simplicity I have disclosed only 
one such coil, and if more than one is used, it 
will be connected into the System in the same 
manner hereinafter described in connection with 
the single additional coil disclosed. In Figure 1, 

5 
the additional coil is shown at L3, said coil be 
ing in a work application circuit D' identical 
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with circuit D described above. This work ap 
plication circuit may be coupled with a power 
amplifier B' identical with the amplifier B de 
Scribed above, and is connected with the second 
ary of the transformer T' by means of the leads 
48. That is, another power amplifier and work 
application circuit is connected in parallel with 
the first power amplifier and work application 
circuit at the transformer T. The additional 
power amplifier B' includes a potentiometer 
similar to 47. The frequency determining os 
cillator A thus controls the frequency of the 
currents in the coils of both work application 
circuits. The leads to the additional coil might 
be connected with the secondary of the trans 
former T3, in which case an additional power 
amplifier would be unnecessary, but the above 
described manner of connection is preferred. 
While effective work may be done by augment 

ing the intensity of the field of one coil with the 
field of another, with the currents flowing 
through the coils in phase, increased heating 
effect has been found to result by having the 
Currents flowing in the respective coils out of 
phase. This is accomplished by a variable phase 
changing condenser 49 disposed in a lead 48, 
which may be regulated to change the phase as 
discussed above. 
In the use of very high frequencies, particu 

larly for welding purposes, the provision of cur 
rents out of phase is effective in quickly raising 
the Work to welding temperature and maintain 
ing it at such temperature. The frequency being 
So high, the current impulses in each coil will 
flow one behind another by only a very small 
fraction of a second, and by having the fre 
quency of current in the augmenting field of 
the coil L3 out of phase with the current in the 
coil L2, each current impulse peak from one coil 
will be followed immediately by a corresponding 
Current impulse peak in the same direction from 
the other coil, said following current peak react 
ing in the heated work whose resistivity is higher 
at that instant due to the effect of the preceding 
current impulse, causing even greater heating . 
effect and tending to prolong the effect of each 
current impulse. 
. If more than one additional coil is used, the 
circuit of each such additional coil will be pro 
vided with a phase changer, so that any desired 
relative phasing of the currents in the coils may 
be obtained. For instance, if a total of three 
coils are used, the Currents Supplied to the coils 
could be successively 45° out of phase, thus in 
ducing in the Work three successive current im 
pulse peaks at 45° phase intervals. 
The use of two induction coils having augment 

ing fields reduces the cost of equipment, particu 
larly the cost of tubes, at the same time supply 
ing the same amount of power. When only one 
coil is used, it is necessary to use larger therm 
ionic tubes to deliver the same power, and if this 
power is considerable, the provision of Water 
cooled tubes is imperative. In the performance 
of welding, for instance, it has been demon 
strated that the voltage across the welding point 
is greater with two 300 watt coils substantially 
90° out of phase than with a single 600 watt 
coil. The effect of the induced currents from 
the respective coils is cumulative, in that an 
impulse from one coil closely follows an impulse 
from the other. 
In Figure 3, two induction coils are shown in 

a preferred relative position with respect to one 
another, and the augmenting effect of the fields 
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of these coils is illustrated by the lines of force 
in the usual fashion. It will be noted that be 
tween the coils the lines of force from each 
respective coil have a cumulative effect, thus 
making the area of maximum field intensity 
somewhere between the two coils. Thus the pro 
vision of two coils, disposed adjacent to one 
another, results in increased power which can 
be applied to the work. 
In Figure 3, a series of tubes or cans is shown, 

and in commercial production these cans travel 
along a mandrel, being fed by any suitable means. 
The can on the right side of Figure 3 has its 
side seam completely open and has not yet en 
tered the field of the coils. The next can ahead 
in the line has passed through the first coil L2, 
and its leading end is shown positioned between 
the two coils, in the area of maximum field in 
tensity. When the metal can or tube reaches this 
position the lines of force of the respective coils 
will be drawn into the metal of the can, thus 
further localizing the area of maximum field in 
tensity between the coils. When the can thus 
enters the field, its permeability changes the flux 
density and thus varies the inductance of each 
coil by such a value that the circuits of these 
coils are placed in resonance with the frequency 
determining Oscillator. 
When the can is disposed in the field as in 

Figure 3, circumferential currents as shown by 
the arrows are set up in the can body, but these 
currents do not bridge the Seam gap until the 
edges of the same are in contact. That is to 
Say, these circumferentially induced currents do 
not become welding currents until the edges of 
the tube are contacted. 
Any appropriate means may be provided be 

tween the coils for successively forcing together 
Opposed points along the edge of the side seam 
of the tube as these points pass through the 
area of maximum field intensity. Such a device 
may be a guide such as a bell mouth for the can 
body, as shown in Figure 5, which constricts the 
body, thus forcing the edges together as the can 
traverses the mouth, or pressure rollers such as 
shown in Figure 4. 

It will be understood that when the tube enters 
the field, the molecules of the metal of the same 
will be placed in a state of high agitation by the 
effect of the flux, and the flow of circumferential 
currents will result in a difference of potential 
being built up in the respective edges of the can 
or tube at opposed points. When the opposed 
points of the edges are contacted in the area 
of maximum field intensity, a heavy welding cur 
rent will flow across the same, this current rising 
instantaneously to an extremely high value by 
reason of the resonant circuit in which the coils 
are connected, and also by reason of the single 
turn transformer effect which results from the 
tube body having its edges in contact at one point 
only. The instantaneous high current flow im 
mediately raises the temperature of the metal 
at this point, thus increasing the resistance to 
flow of current. This extremely rapid rise of 
current and resistance brings the metal at its 
point of contact instantaneously to a welding 
heat. 
By reason of the difference of potential be 

tween the edges of the tube, currents will flow 
longitudinally of the edges of the can, as shown 
by the arrows, travelling down the length of 
the edges and across the seam where the edges 
are in contact. 

5 
The welded tube is shown exiting from the 

coils at the left hand side of Figure 3. 
In the use of either a single or double coil, the 

coil should be of such construction that its field 
is highly concentrated and localized, so that in 5 
welding, only the portion of the work being welded 
is in the intense field, the remainder of the work 
being completely outside of, or Only on the out 
skirts of, the intense field. Due to this locall 
zation of the field, the entering edges of the can 
are not subjected to oxidation before reaching 
the welding point. 
The use of a double coil is advantageous in 

that the first coil, such as L2, prepares the edges 
of the work for welding by building up a poten 
tial difference between the edges just before they 
reach the welding point. 
With equal power applied to the two coils, the 

area of maximum field intensity should be midway 
between them as shown. However, an apparatus 
employing a pair of coils is susceptible to shift 
ing of the area of maximum field intensity from 
and toward either coil. This may be done by 
varying the voltage at the first stage of the 
amplifying system of one or both coils, in the 
same manner that the heat induced in the Work 
by each coil is controlled. For instance, by mov 
ing the contact along the resistance 47, So that 
less voltage is applied to the transformer T2, 
voltage applied to the grids of the amplifier tubes 
3 and 3 f is reduced, consequently reducing power 
delivered to the coil L2. The field of coil. L2 
thus collapses somewhat, shifting the area of 
maximum field intensity toward Coil I.3. Thus 
in the heating or welding of work, a control is 
provided to shift the area of maximum field in 
tensity with respect to the work. It will be evi 
dent from Figure 1 that both amplifier B and B' 
are equipped with a potentiometer Such as 47. 
The use of the present apparatus employing 

a plurality of coils will be found to be of great 
advantage in the art, particularly in the ac 
complishing of unusual welding jobs which will 
necessitate the setting up of unusual fields. War 
ious types of fields may be obtained by relatively 
positioning the two coils in different relation to 
one another, and by varying the angle of their 
relative phasing. Furthermore, any number of 
coils, or pairs of coils out of phase, may be 
coupled to a common frequency determining OS 
cillator, and operated on the same, or different 
pieces of work simultaneously. For instance, any 
number of coils or pairs of coils could be posi 
tioned along an extensive piece of work, such as 
a long tube, to heat or weld it at a plurality of 
points. 
While it is most desirable to employ only a 

single master or frequency determining oscillator, 
and to connect the amplifying System of each 
coil into a common master OScillator, it will be 
evident that each of the amplifying systems B 
and B, with their corresponding work applica 
tion circuits D and D', may be provided with a 
separate frequency determining oscillator. In 
that case, the coils L2 and L3 may be disposed 
closely adjacent to one another, so that their 
fields will augment One another as described 
above. Furthermore, with such a modified ar 
rangement, it would be possible to use currents 
of different frequencies or relative phase rela- 70 
tions in the respective coils L2 and L3. The mas 
ter oscillator A could, for instance, impose a cur 
rent of One frequency in the coil L2 while a 
separate master oscillator A' imposes a different 
frequency in the coil L3. This use of different 75 
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frequencies may be desirable in various welding 
or similar operations, it being evident that cur 
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rents of at least four frequencies may thus be 
induced in the work at the same time. That is 
to say, currents of each of the frequencies of the 
separate coils E2 and L3 would be present in the 
work, current of a frequency equaling the sum 
of the frequencies of the currents in L2 and L3 
would likewise be present in the Work, as well 
as current of a frequency equal to the difference 
of the above mentioned frequencies. 
While I have shown the work as passing 

through the coil or coils, the invention is not 
restricted to this preferred a rangement, as the 
coils may be disposed within the work, if the lat 
ter is a tubular body, or at the Side of the 
same, or in any desired position SO that the Work 
is disposed in the fields of the coil or coils. Fur 
thermore, the coils may be formed or Wound 
to give any desired type or configuration of field. 

In Figure 2, a wiring diagram of a circuit of 
the present invention is disclosed, including auto 
matic means for controlling the heat induced in 
the work by the coil of the Work application cir 
cuit. 
The general construction of the circuit is the 

same as heretofore described, including the fre 
quency determining oscillator A, the stage of alm 
plification shown as a power amplifier B, and the 
work application, or in Specific cases the welding 
circuit D. 

It will be understood that any number of Stages 
of voltage amplification may be utilized in the 
practice of the present invention, and when more 
than one stage is used, the frequency of the 
oscillations at each stage will be controlled by the 
frequency determining OScillator. When the au 
tomatic control means of this modification is 
used, the grids of one of said stages of amplifica 
tion will be under control of a circuit which is 
in turn actuated by a device responsive to the 
condition of the work, as a light-responsive de 
vice or photo-electric cell P. 
In Figure 2, one of the stages of amplification 

E includes a variable mu tube which has its 
control grid connected with one end 50 of the 
potentiometer 5, so that amplified current flow 
ing in the plate circuit of the photo-electric 
cell amplifier will cause a variation in the po 
tential of the control grid of the thermionic tube 
in stage E. 
The photo-electric cell P is disposed in any 

convenient position adjacent to the work W so 
that the heat or color of the work will vary its 
resistance, and this variation will be transmitted 
to the control grid of one of the stages of ampli 
fication to control the heat induced in the work 
as described. 
The cell P is connected to the grid of the direct 

current amplifying tube 53, and as the heat of 
the work becomes excessive, increased current 
to the grid of tube 53 increases flow of current 
in the plate circuit of that tube. The direction 
of plate current flow will be from point 52- to 
ward point 50, making point 50 relatively nega 
tive with respect to point 52, thus lowering the 
relative potential of the grid of amplifying stage 
E, which in turn reduces the power amplified. 
This reduction in power decreases the heat in 
duced in the work, until the latter arrives at a 
proper heat or color. If the work becomes too 
cool, obvious reverse operation to that described 
will cause an increased amount of heat to be in 
duced in the work. Thus the heating of the 
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work, either for welding or other purposes, is 
kept uniform. 

It will be noted that a substantial correction 
in induced heat from the coil L2 may be effected 
by a relatively small variation in grid voltage at 
One of the stages of amplification. Thus the 
present apparatus is well adapted for control by 
means of a photo-electric cell, the currents pro 
duced by which are extremely small, as only a 
minute change in grid potential at the selected 
amplification stage is necessary in order to pro 
duce a Substantial change in the heat induced 
in the work W. This is particularly true when 
a multiplicity of voltage amplification stages are 
utilized, and when the photo-electric cell circuit 
is connected with the grid of the first or one of 
the earlier stages. 
The operation of the photo-electric cell is so 

rapid that its effect upon the voltage amplified 
and power sent to the induction coil L2 is sub 
stantially instantaneous. Thus, even in perform 
ing Such rapid operations as the welding of rela 
tively Small objects, such as cans, the heat regu 
lation may be instantaneously effected. The 
heat applied to the work in the case of the weld 
ing of cans will not only be corrected for the 
Succeeding can when the cell responds to deficient 
or excessive heat in one can, but the operation 
of the automatic control will be so rapid that the 
heat induced will be corrected before the same 
can leaves the field of the coil, even though said 
cans are moving at the very great speed today 
employed in their manufacture. 
In the performance of other classes of work, 

such as the heating and annealing of objects 
in furnaces and the like, the heat applied to the 
Work may be accordingly automatically main 
tained to a fine degree by the apparatus de 
Scribed above, and the heat may be so maintained 
by the very small currents generated in the 
photo-electric cell, as only a minute change is 
necessary in the grid voltage of the earlier stages 
of amplification to result in a material change 
in heat applied to the work. This apparatus may 
be utilized with advantage in the drying of ob 
jects coated with lacquer, and the like. 
The present apparatus is particularly advanta 

geous for use in welding systems, to maintain a 
uniform welding heat at all times in spite of 
variations at the welding point, said variations 
being caused by the usual electric disturbances 
at that point. Wariations may also be caused by 
physical changes at the welding point, such as 
variations in the thickness of the work being op 
erated upon. It will be noted that while minute 
control of the heat applied to the work is main 
tained, the circuit is held in stable condition in 
spite of the voltage variation, as no change of 
frequency is at any time necessary, nor is any 
change of frequency possible by reason of dis 
turbances at the welding point by the initiation 
of the weld or by reason of disposing the work 
in the field of the coil. 
While the device responsive to the condition 

of the work is shown as a lightaresponsive cell, 
other devices such as a thermal-responsive device 
may be used in lieu thereof. 
While the heat-responsive device and its cir 
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cuit is shown for use in connection with a sys 
tem employing only a single induction coil, one 
of the devices may be used to control the voltage 
amplifier in a system using a plurality of coils 
as in Figure 1, or a plurality of such devices may 
be positioned adjacent the work, one for each 
coil energizing circuit. When a single heat-re 
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sponsive device is used for the circuits of more 
than one coil, the circuit E of Figure 2 night, for 
instance, be disposed between the circuits A and 
B of Figure 1, and thus voltage changes caused 
by the heat or light-responsive device would be 
amplified to each coil. 

In this case, as each amplifier B and B' is 
equipped with a potentiometer such as 47, the 
fields of the coils L2 and L3 could be initially 
selectively adjusted to regulate their fields indi 
vidually, or to adjust the area of maximum in 
tensity of their combined fields, after which the 
light-responsive device would control the intens 
ity of the fields of both coils, without destroying 
their balance as set by the potentiometers 47. 

In Figure 4, conventional devices for progres 
sively forcing together opposed points along the 
edge of a tubular body, such as a can, are shown. 
The induction coils L2 and L3 are shown dis 
posed adjacent to one another, So that their 
fields augment one another, and conventional 
concave pressure rollers 60 and 62 are shown 
on opposed sides of the seam in the work, and 
between the coils L2 and L3. 
One piece of work is shown at 64 before it en 

ters the coil L2, and it will be noted that the 
engaging edges of the work are not in contact, 
and in this position the work will not be in the 
fields of the coils. At 66, a piece of work is 
shown after it has entered the fields of the coils, 
and as said work passes between the pressure 
rollers 60 and 62, opposed points along the en 
gaging edges of the work are forced together 
substantially at the time these points reach the 
area of maximum field intensity of the coils. The 
edges of the work will be heated to Welding tem 
perature, as previously described, and the pres 
sure applied by the rollers 60 and 62 will cause 
a welding union of said edges. The work with its 
edges welded will then exit from the coils as 
shown at 68. 
The rollers 60 and 62 are of conventional struc 

ture such as disclosed in Patent No. 611,222, to 
Ries, September 20, 1898, but will preferably be 
made of insulating material. The coils L2 and 
L3 may be of any type, and may be wound in 
such manner that their fields will augment one 
another at maximum intensity at the point 
where the rollers 60 and 62 most closely approach 
one another. The edges of the work may be kept 
separated until they reach the maximum point 
of field intensity by a well known device Such as 
a spreader TO, this spreader also preferably being 
made of insulating material. 
The coils L2 and L3 arc shown encased in in 

sulating material 72, and alre of the air core type 
as shown at 74 to permit passage of the Work 
therethrough. However, if the coils are disposed 
in other relative positions with respect to the 
work, so that the work docs not pass through the 
coils, they may be of the iron core type. It Will 
be noted that the mouth 76 of the coil L2 is bev 
eled, in order to guide the work through the coil 
and bring the edges close to one another so that 
the work may be properly engaged by the rollers 
60 and 62. 
Any suitable means may be employed to foed 

the work through the coils, such as feeding then 
therethrough in the case of cans, on a mandrel 
which extends through the coils. If the work is 
in the form of an elongated tubular body, a man 
drel may or may not be employed as desircd. 
In Figure 5, a single coil L5 is shown equipped 

with suitable means for forcing the engaging 
edges of the work into contact at Successive 

7 
points, said means comprising a bell mouth Con 
stricting device of the type as for instance show 
in the above mentioned patent to Ries. This 
bell mouth 78 may be positioned within the single 
coil L5, or it may be an integral extension of the 
insulating casing 72 thereof. In any case, the 
bell mouth will preferably be composed of in 
sulating material. 
With this construction, the work is fed through 

the coil, and the bell mouth progressively urges 
the engaging edges toward one another, and the 
construction of the bell mouth is such that Op 
posed points along the edges of the work are 
pressed into contact with one another substan 
tially at the center of the coil as at 80, the coil 
being of a type, or wound in such fashion that 
its maximum field intensity is at the central 
point 80. The spreader 70 may be employed to 
keep the edges of the work apart until opposed 
points of the edges reach the area of maximum 
field intensity. 

It will be evident that the present invention 
will permit the continuous welding of the engag 
ing edges of work Such as metal tubes Or cans, 
and that this continuous welding may be per 
formed at the high speed now used in the manu 
facture of this type of work. The speed of the 
work will be such that as each body of work 
traverses the point of maximum field intensity, 
and opposed edges thereof are contacted at this 
point, instantaneous welding will take place at 
said point, but the portion of the work welded 
will be moved beyond the point of maximum field 
intensity and replaced by another portion in con 
tact before any heat is wasted in heating the 
entire body of metal of the Work. 
As mentioned before, the light-responsive de 

vice P may be replaced by a heat responsive 
device such as the well known thermo-electric 
couple, particularly in induction heating when 
it is desired to maintain the work at such tem 
peratures that it is not luminous. Such condi 
tion may be desired, for instance, in the drying 
of lacquers and the like on cans. Potential dif 
ferences caused by heat changes of the work re 
acting in the thermo-couple may be suitably am 
plified, and applied to one of the early stages of 
voltage amplification of the present invention, 
to bring about a change of heat in the work in 
a manner similar to that discussed in connection 
with the light-responsive device P. 
The apparatus disclosed herein may be con 

siderably modified without departing from the 
scope of this invention. Particularly, various 
types of electrical devices and circuits, such as 
the thermionic tube circuits disclosed, may be 
employed to carry out the invention. Further 
more, changes in the method described herein 
may be made while still practicing the invention. 

I claim: 
1. In an apparatus for inducing heat in Work 

and controlling the application of the Same, a 
plurality of amplifier stages for generating alter 
nating currents of high frequency, each includ 
ing a thermionic tube circuit, the final amplifi 
cation stage constituting a power amplifier, a 
frequency determining oscillator coupled with 
the first amplifier stage for imposing a desired 
frequency thereon, a work application circuit 
coupled with said power amplifier including a 
coil which receives the high frequency currents 
from said power amplifier, said coil producing a 
field in which the work is disposed, a light-re 
sponsive device positioned adjacent said coil, a 
circuit for said device including an amplifier, and 
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means connecting the circuit of said device with 
the grid of the thermionic valve of one of Said 
stages of amplification, whereby the voltage ap 
plied to the grid of said valve is varied in ac 
cordance with the heat induced in the work in 
the field of said coil. 

2. In an apparatus of the character described, 
a pair of circuits each comprising a power an 
plifier, including a thermionic tube circuit for 
generating alternating currents of high frequen 
cy, a frequency determining oscillator coupled 
with said power amplifier for imposing a desired 
frequency thereon and a work application, circuit 
coupled with said power amplifier including a 
coil which receives the high frequency currents 
from said power amplifier, the coil of each of 
said circuits producing a field in which the Work 
is disposed and said coils being located So that 
their fields augment one another, and means for 
maintaining the respective high freqtuency cur 
rents in said coils at such a phase angle With re 
spect to one another that work disposed in said 
fields has induced therein currents having closely 
following impulse peaks. 

3. In an apparatus of the character described, 
a pair of circuits each comprising a power ann 
plifier including a thermionic tube circuit for 
generating alternating currents of high frequen 
cy, and a work application circuit coupled with 
said power amplifier including an induction coil 
which receives the high frequency currents from 
said power amplifier, the coil of each of said cir 
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cuits producing a field in which the work is dis 
posed and said coils being located so that their 
fields augment one another, a common frequency 
determining oscillator coupled with the power 
amplifier of each of said circuits for imposing a 
desired frequency therein, and a phase changer 
between said frequency determining OScillator 
and one of said power amplifiers for maintaining 
the respective high frequency currents in said 
coils at such a phase angle with respect to One 
another that work disposed in said fields has 
induced therein currents having closely following 
impulse peaks. 

4. In apparatus of the character described, a 
pair of circuits each comprising a power ann 
plifier including a thermionic tube circuit for 
generating alternating currents of high fre 
quency, a frequency determining oscillator 
coupled with said power amplifier for imposing a 
desired frequency thereon, and a work applica 
tion circuit coupled with said power amplifier in 
cluding an induction coil which receives the high 
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frequency currents from said power amplifier, 
the coil of each of said work application circuits 
producing a field in which the work is disposed 
and being located adjacent one another so that 
their fields augment one another, and means for 
shifting the area of maximum field intensity of 
the combined coils by varying the field intensity 
of one of said coils. 

5. In apparatus of the character described, a 
pair of circuits each comprising a power am 
plifier including a thermionic tube circuit for 
generating alternating currents of high frequen 
cy, a frequency determining oscillator coupled 
with said power amplifier for imposing a desired 
frequency thereon, said frequency determining 
oscillator of each circuit being adjusted to in 
pose a different frequency on its respective 
power amplifier, and a work application circuit 
coupled with said power amplifier including an 
induction coil which receives the high frequency 
currents from said power amplifier, the coil of 
each of said circuits producing a field through 
which successive bodies of the work are noved, 
said work application circuits being adapted to be 
placed in resonance by each body of work as it 
passes through the field, Said coils being located 
adjacent one another SO that their fields aug 
ment one another. 

6. In an apparatus for Successively inducing 
heat in rapidly moving bodies of work of known 
reactance, a power amplifier including a vacu 
um tube circuit for generating alternating cur 
rents of high frequency, a frequency determining 
oscillator comprising an oscillating circuit 
coupled with said power amplifier for imposing 
a desired frequency thereon, an oscillating work 
application circuit coupled with said power am 
plifier having reactance means including a tuned 
coil and condenser which receives the high fre 
quency currents from said power amplifier, said 
coil producing a field through which successive 
bodies of the work move at high speed, means 
for tuning the oscillating circuit of said fre 
quency determining oscillator so that said work 
application circuit is placed in resonance there 
with by each body of the Work of known react 
ance as it moves through the field of said coil, 
Said vacuum tube circuit having means to pre 
vent changes of frequency of the oscillating cir 
cuit of said frequency determining oscillator as 
the bodies of Work enter and leave the field of 
said coil. 

SAMUEL E. LEONARD, JR. 
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