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This invention relates to a new and improved 
method of welding thick walled tubing by in 
duction heating. In Patent No. 2,024,906, Decem 
ber 17, 1935, Edward Bennett describes a system 
for applying radio frequency heating currents to 
the adjacent edges of a conductive material for 
the purpose of bringing them to a temperature 
suiiicient to cause them to unite. In this patent 
currents are induced by a closely spaced single 
turn inductor coil which is removed from the 
work when the jloint has been completed. This 
method has the disadvantage that heat which is 
inherently generated in the applicator coil serves 
no useful purpose and its application to the Weld 
ing of materials of certain shape make subse 
quent removal of the applicator coil somewhat 
diflicult. It is the primary purpose of this in- 
vention to overcome the disadvantages of the 
prior art by applying radio frequency heating 
currents to the adjacent edges or faces of a work 
piece which is to be welded by a single turn split 
ring applicator coil which is heated to the same 
temperature as the work piece and which subse 
quently becomes a part of the welded joint. 
In practicing this invention, the applicator coil 

is a split ring shaped like a common lock washer, 
having a diagonal cut and being slightly sprung 
so that the >adjacent ends of the applicator are 
not in contact. Temporary connections are made 
to the open ends of the applicator coil for the 
application of the radio frequency heating cur 
rent. The applicator has the same general shape 
and dimensions as the work pieces to be joined 
and after sufiicient heating has been accom 
plished the work pieces are brought into contact 
with the applicator so that'a wel-ded joint is ef 
fected. The temporary connections are then re. 
moved and the applicator coil becomes a unitary 
part of the welded joint. 
The novel features that are considered char 

acteristic of this invention are set forth with 
particularity in the appended claims. The in 
vention both as to its lorganization and method 
of operation, as well as additional objects and 
advantages thereof, will best be understood from 
the following description when read in connec 
tion with the accompanying drawings, in which 
Figure 1 is a schematic view illustrating this 

invention;  

Figure 2 is a perspective View of a single turn, 
split ring applicator, and 
Figure 3 illustrates the method of cooling the 

radio frequency conductors to concentrate the 
heat in the applicator coil. 
Referring to Fig. 1, the application of this in 
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2 
vention in welding the adjacent edges of two 
pieces of steel tubing l and 3, a single turn split 
ring applicator coil 5, having the same inner and 
outer diameter as the tubes to be joined, is placed 
in line with and between the abutting edges of 
the workpiece, and spaced approximately ¿t4 of 
an inch on either side. High frequency currents 
are applied to the applicator coil from a radio. 
frequency generator 'I through an impedance 
matching transformer 9 by means of temporary 
conductors which are pressed or welded adjacent 
the open ends of the applicator coil, as shown 
at points Il and I3 respectively. The radio _fre 
quency generator is provided with the necessary 
A. C. and D. C. energizing currents by a suitable 
power supply I5 through an overload relay il 
whose function is to disconnect the high voltage 
potential from the generator when the plate cur 
rent exceeds a predetermined value. 
As is well known, high'frequency currents tend 

to flow =on the face of an applicator coil when 
the workpiece in which currents are induced is in 
close proximity thereto. This is known as the 
proximity effect and is described in the patent 

f referred to above. As a result, the induced radio 
frequency currents flowing in the edges of the 
workpieces l and 3 which are adjacent to the ap 
plicator coil 5 are limited to the region immedi 
ately adjacent the applicator coil. The heating 
effect is therefore applied substantially only to 
the region where it is needed to bring the ends 
of the workpieces to a suitable welding tempera 
ture. At the same time, the current flowing in 
the applicator coil itself causes it to be brought 
to substantially the same temperature. Depend 
ing upon the radio frequency power applied, the 
welding temperature may be reached in a rela 
tively short time, thus limiting the heat to the 
desired region and preventing >its loss by conduc 
tion through the workpieces. ^ _ 

Referring to Fig. 2, it will be noted that the 
split ring applicator 5 is provided with two tem 
porary connectors I 9 and 2i which are brazed 
or Welded to the open ends of the applicator 
ring, and are preferably positioned as near the 
ends as possible. The temporary connectors are 
preferably of the same cross-sectional area as the 
applicator ring itself and should be highly con 
ductive to electrical currents but a relatively poor 
heat conductor so that the temporary connec 
tions will not cause cold spots in the applicator 
ring, and so that they will be heated to the same 
vdegree as the ring itself. For this reason cop 
per is not preferred, since it is highly conductive 
»of heat and will tend to cool the applicator ring 
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prematurely. The temporary connections are 
therefore preferably made of the same material 
as the work pieces to be joined and the applicator 
ring itself. 
When the applicator ring and the abutting 

edges of the work pieces l and 3 have reached 
the necessary temperature, the work pieces are 
forcibly brought together, by means not illus 
trated, so as to press the applicator ring and 
unite the work pieces with the applicator ring to 
form a strong bond. When this occurs the ap 
plicator ring closes and its open edges are brought 
into contact and are similarly bonded. This 
short-circuits the applicator ring, produces a 
momentary overload on the radio frequency gen 
erator, and causes the overload relay l1 to dis 
connect the high frequency potentials to’avoid 
damaging the generator. Alternatively, the high 
voltage potential may be removed from the gen 
erator just before or concurrently with the move 
ment of the work pieces either manually or auto 
matically byy means of a switch actuated by the 
movement of either one or both of the work 
pieces. ' . ' Y ’ 

Y After the Weld has been completed, the joint 
may-be cooled rapidly if desired, after which the 
temporary connectors I9V and 2l are sawed od 
and the weld is completed. 

~ In order to concentrate the heating in the ap 
plicator electrode an-d the inner portions of the 
temporary connectors, it maybe desirable to cool 
the' leads from the secondary to transformer 9. 
A method of accomplishing> this is’illustrated in 
Fig. 3, to which reference isV now made. The 
temporary connectors |-9 and 2| are shown con 
nected to the applicator coil 5. Electrical con 
nections to the secondary 23 of the coupling 
transformer 9 are made by connecting lugs 25 
and 21 which are provided with suitable recesses 
to receive the outer ends of the temporary con 
nectors and which may be held in placeV by 
thumbscrews 29 and 3l. The connecting lugs are 
pressed or welded to a' double hollow tube which 
constitutes'the secondary 23 Vof the transformer. 
This tubing may consist, for example, of two cop 
per tubes pressed' together so as to constitute an 
ingoing and outgoing passage for cooling fluid. 
Within the `connecting' lugs 25 and 2l there is 
provided a small chamber through which the 
coolinif;Y fluid circulates'before returning to the Y 
secondary winding. The secondary is preferably 
grounded at its midpoint and the cooling iiuid is 
admitted into the tubes at this point. Cooling 
fluid is circulated from a reservoir by means of 
a pump and a cooling fan or other cooling system 
may be employed as desired. The pump, reser 
voir and cooler are illustrated diagrammatically 
at reference numeral 33. ' 
There has thus been described a method of 

joining abutting edges of a workpiece by means 
of radio frequency currents induced in the work 
piece by a split ring applicator coil which com 
prises placing the» applicator between the edges 
to be joined, applying radio frequency currents 
to the applicator to heat both the applicators 
and the adjacent edges ofthe work piece and 
pressing the work piece against the applicator to 
cause it to unite with the workpiece and become 
a permanent part thereof. ' 

What I claim is: 
I. The method of joining opposed spaced edges 

ofv electrically conductive work pieces by means 
of radio frequency currents induced in said 
workpieces by induction heating applicator 
means, which comprises forming an induction 
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heating applicator of electrically conductive ma 
terial which will unite with the material of the 
Workpieces and in a split ring conforming in 
size and shape with said edges, placing said 
applicator between and in spaced relation to the 
edges to be joined, the plane of the applicator 
ring being substantially-parallel with said edges, 
applying radio frequency currents to said ap 
plicator to heat the applicator by currents flow 
ing therein and the adjacent edges of said 
workpieces, by currents induced therein and 
pressing said edges against said applicator to 
cause said applicator to unite with said work 
pieces and become a permanent part thereof. 

2. The n_ietl'iodß of joining opposed spaced 
edges of electrically conductive workpieces by 
means of- radio, frequency currents induced in 
said workpieces by induction heating applicator 
means, which comprises forming an induction 
heating applicator of electrically conductive 
material which will unite with the material of 
the workplaces and in a split >ring conforming 
in size and shape with said edges, placing said 
applicator between and in spaced relation to 
the edges to be joined', the plane of the appli 
cator ring being substantially parallel with said 
edges, temporarily connecting a source of radio' 
frequency power to said applicator, causing ra 
dio frequency current fromV said power source to 
flow through said applicator to induce heating 
currents in the adjacent edges of said work 
pieces while heating said applicator, moving 
said workpieces into contact with said appli 
cater to cause said applicator to unite with said 
workpieces, and removing said temporary con 
nections. 

3,. The methody Y ci joining opposed spaced 
edges of electrically conductive workpieces by 
means of radio frequency currents induced in 
said worlrpieces by induction heating applicator 
means, which comprises forming an induction 
heating rapplicator of electrically conductive 
material whichl will unite> with> the material of 
the workpieces and in a split ring conforming 

‘ in size and shape with said edges, placing said 
applicator between and in, spaced relation. to 
the edges to be joined, the plane of the appli 
cator- ring being substantially parallel with said 
edges, temporarily connecting a source of ra 
dio frequency power to said applicator, causing 
radio frequencyA current from said power source 
to iiow circumferentially around said applicator 
to induce heating currents in the adjacent edgesV 
of said workpieees while heating said applicator 
to substantially the same temperature, moving 
the opposed edges of said workpieces together 
against said applicator to cause said applicator 
to unite with said workpieces, and removing said 
temporary connections. ' ' 

4. TheV method of joining Opposed spaced 
edges of electrically conductive workpieces by 
means of radio frequency currents induced in 
said workpieces by induction heating applicator 
means, which comprises forming an induction 
heating applicator of electrically conductive 
material which will unite with the material of 
the workpieces and in a split ring conforming 
in size and shape with said edges, placing said 
applicator between and in close proximity to 
the edges to be joined, the plane of the applicator 
ring being substantially parallel with said edge-s, 
temporarily connecting a source of radio1 fre 
quency power to said applicator, causing ra 
dio frequency currents to ñow through said ap 
plicator to heat said applicator While inducing 
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heating currents in said workpieces, moving the 
edges of said workpieces together against said 
applicator to cause said applicator to unite with 
said workpieces, discontinuing the application of 
said radio frequency currents, and removing said 
temporary connections. 

5. The method of joining opposed spaced ends 
of two cylindrical electrically conductive mem 
bers by means of radio frequency currents in 

5 

duced therein `by induction heating applicator 10 
means, which comprises forming an induction 
heating applicator of electrically conductive ma 
terial which will unite with the material of said 
members and in a split ring having substan 
tially the same diameter as said members, plac 
ing said applicator between and in close prox 
imity to the ends to be joined, the plane of 
said applicator ring being substantially parallel 
with said ends, temporarily connecting a source 
of radio frequency power to the ends of said 20 
applicator, causing radio frequency currents to 
ñow through said applicator to heat said ap 

15 

6 
plicator while inducing heating currents in said 
members, moving said members together against 
said applicator to cause said applicator to unite 
with said members, discontinuing the applica 
tion of said radio frequency currents, and re 
moving said temporary connections. 

WESLEY M. ROBERDS. 
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