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This invention relates to electric heaters hav-
Ing a resistance conductor and g terminal there-
for, and it has for its object the provision in such
a heater
connecting the resistance conductor to its ter-
minal, and also an Improved method of making
the terminal structure. |

While this invention has more general appli-

oI an improved terminal structure for

cation, it is particularly useful in connection with

electric heaters of the sheath-wire type where-
in a resistance conductor is encased in a metallic
sheath and is supported in spaced relation with
the sheath by a compacted mass of powdered

heat conducting and electrically insulating mate-

rial, such as magnesium oXide.
In a certain heater of the
heretofore known, a terminal structure is pro-
vided which comnsists of g ter: inal that is pro-
vided with a, threaded portion: and the resistance
conductor is provided with gz plurality of turns
which are secured onto this threaded portion in
order to mechanieally and electrically connect the
conductor to the terminal. In the main, this con-
struction has proved to be
However, some dj iculty has been exnerienced
with it, espeecially in connection with conductors
Iormed of very fine wires, for example, those used
on relatively lower voltages, such as 12 or 97.

sheath-wire type

quite satisfactory. -
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- these members are mounted

This invention contemplates the provision of an

improved terminal structure which is of universal
application in the sense that it may be applied to
heaters having Very iine wires as well as to those
having coarser ones. And it further contemplates
an improved terminal construction which is vVery
effective both mechanically and electrically, and
is inexpensive to make.

In accordance with this invention, a portion of
the terminal is inserted into end turns formed
on the eonductor, and the outermost of the turns
which embrace the terminal portion are Integrally
united with the termingl while the remainder of

outermost turns and the terminal by welding, and
I do this by placing an electrode in contact with
the terminal and another electrode in contgc:
with the innermost of the turns that sur.
rouna the terminal. I electrically connect the
electrodes with a suitable Source oi electrical sup-
Ply and thereby cause welding current to pass in
order to heat the outermost turns surrounding
the terminal to

the welding process I drain heat away from the
Innermost turns so as to prevent them from fus-
ing, and also so as to avoid annealing them. This

the welding temperature. During”
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s accomplished in one form of the invention by
making the electrode in contact with them of high -
thermal mass and conductance. : :

For a more complete understanding of this in-
vention, reference should be had to the accom-
panying drawing in which Fie. 1 illustrates a ter-
minal and resistance conductor in position for
connection with each other, together with cer-
tain elements of welding apparatus used to weld
the two elements together; all in accordance with
this invention; Fig. 2 is g fragmentary view illus-
trating the finished welded connection between
the terminal and the resistance conductor: Fie,
3 is a diagrammatic representation of a welding
system used to connect the resistance conduector
and terminal; and Fig. 4 is an elevation of a
finished electric heater embodying the terminal
structure of this invention, parts being broken
away So as to illustrate certain details of con-
struction. | | |

Referring more particularly to Fig. 4, this in-
vention has been shown as applied to an electrie
sheath-wire type comprising a heli-
cal resistance conductor f which is mounted in
' 2 cylindrical metallic tube 2. Ter-
g and 4 are connected to the ends of the
resistance conductor . and the inner ends of
within the sheath 2.
as shown. A compacted mass 5 of heat refrac-
tory and conducting, and electrically insulating
material, such as magnesium oxide, is compacted
within the sheath 2 and embeds the resistance
conductor | and the inner ends of the terminals 3
the conductor and terminals
In spaced relation with reference to the sheath
and to electrically insulate them from the sheath.
It will be understood that in making the heater
thus far described, the resistance conductor 1 is
assembled with its terminals 3 and 4 and then the
assembly is mounted in the center of the sheath.
After this, the sheath is loaded with the pow-
dered magnesium oxide 9, and after it is loaded
it is elongated so that its diameter is reduced to
highly compact the oxide in any suitable way as
by rolling or swaging. | |

In the prior heater referred {0 above wherein
the resistance conductor 1s threaded onto the ter-
minal, some difficulty has been experienced with
vhe conductor pulling away from the terminal
during the operations of loading the sheath with
the powdered masnesium oxide and the subse-
quent operations of elongating the sheath to com-
pact the oxide. This is especially true where very
fine resistance conductors are involved. Also, in

sSome instances, the insulating powder is forced




2,546,315

3

in between the conductor and the terminal
threads and thereby impairs the electrical con-
nection between the terminal and the conductor.

T accordance with this invention, a termineal
structure is used which obviates these difficultles,
and it effects uniform and very strong and posi-
tive electrical and mechanical connections be-

tween the terminals and the conductor by a re-
liakle, simple and inexpensive construction.
The two fterminals 3 and & In so far as this

invention is concerned may be of identically the
<ame construction, and the terminal 2 thereiore
only is shown in detail. The end § of the ter-
minal which is shown connected with the heli-
cal resistance | has a reduced diameter, and
preferably and as shown, this portion of the ier-
minal has a further reduced extremity 7T, the
two sections 6 and T having a shoulder 8 between
them. 'The reduced section 7 is inserted into a
aumber of the end turns of the helix 1. It has
o, diameter which is about the same as the in-
ternal diameter of the turns, but preferably it
will be slightly larger so that there is a line oY
slight interierence fit when it is inserted in the
end of the helix |,

Tha outermost bank of turns § of those which
surround the terminal section T 1S ‘integrall'y
nnited with the terminal, whereas the innermost
bank of turns 19 is free from rigid connection
with the terminal. Tor the purpose of uniting
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the turns 9 with the terminal, I cause a welding

current to flow through the terminal in order 10
raise the turns to a welding temperature to cause
themn to fuse with the terminal. For this pur-
pose, I use welding apparatus having a pair of
electrodes {1 and 12 which preferably will be of
the jaw type, the electrode {{ having its upper
and lower jaws 14 and {5 clamped to the outer
section of the terminal, while the electrode 12
has its upper and lower jaws 16 and 17 clamped

40

about the bank of turns {0, as more clearly

shown in Fig. 1.

Now when the two electrodes ff and 12 are
electrically connected with a suitable source of
electrical supply, current flows from one %o the
other through the assembly and causes the bank
of turns 9 to melt and fuse with the terminal 3
ot that point. The significance of the reduced
sections 6 and T will now be understcod: When
current fows between the electrodes through the
sssembly of the terminal and the resistance con-
ductor the terminal 3 becomes heated because
of its resistance to the flow of electrical current
through it. If the terminal were of uniform di-
smeter from end to end it would tend to become
heated uyniformly throughout its length. How-
ever, because the section §, 7 has a smaller cross
section than the remainder of the terminal its
12R, 1oss ig eoreater than that of the remainder

£ the terminal which is larger. That is, the
heat is concentrated in the reduced section of the
terminal. In so far as the principle of the in-
vention is concerned the second reduced section
T is not necessary but has been provided in order
to establish the shoulder 8 which acts as a stop
for the coil, but its presence does further con-
centrate the heat in it and as a result the highest
temperature in the assembly occurs near the
shoulder 8. This causes the turns about this
section to melt and fuse and form a welded joint
58 shown in Fig. 2. The foregoing effecis are ac-
centuated by the electrodes if and {2 which are
constructad to have a relatively great thermal
mass and high heat conductivity. Thelir mass
as compared with that of the ferminal and helix
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may be readily seen by reference to Fig. 1, and
they are formed of COPPEr which has a high
thermal storage capacity and heat conductivity.
necguse of this the terminal is cooled by the elec-
trode |1 while the bank of turns {9 1s cooled by
+he electrode §2. In view of the foregoing, it
will he understoed that while heat is drawn from
the large section of the terminal 3 and from the

hank of turns 19 during the welding Process a
large amount of heat is concentrated at the bank
of turns & which are elevated to their fusing

temperature and thereby welded to the terminal.
The turns in the bank 18 do not fuse at all and
are physically free from the terminagl in the
sense that they are not in any way atitached to it.

Because of the foregoing method of welding,
annealing of the bank of turns {6 is obviated,;
and in addition te this, because of the fact that
this bank of turns remains free of the terminal,
it acts as o means of alignment to keep the heli-
cal conductor in line with the terminal. And
also these free turns can be “stretched ou "
somewhat when the sheath 2 is elongated and
reduced in diameter te thereby avoid concen-
trating pull at the point of the weld as would he
likely if all of the turns are welded to the termi-
nal out to its end.

During the welding process, it is preferable to
cause a stream of a shielding gas, such as hy-
drogen, to he maintained around the parts
where fusion occurs in order to prevent oxida-
tion. The hvdrogen is fed to the elements by
means of a tubular supply pipe 18.

The current supplied to the electrodes {1 and
12 is of such magnitude that the proper welding
heat is obtained in turns 9 in a very short inter-
val of time such as 0.1 to 1 second. In order fo
tHime the current supplied to the electrodes, I
prefer to use a time delay system substantially
the same as described and claimed in Patent No.
2,171,347 to E. D. Schneider, dated August 29,
1939. Briefly, this system comprises a source of
alternating current supply 18, 28 which, for ex-
amule, may be a sixty cycle lightning circuit at
110 volts. Connected across this source of sup-

ply is a voltage divider 21 having a resistor 22
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and a potentiometer 23 having an adjustable

‘contact 24. An electrode discharge device 25 is

nrovided arranged to be energized from the
source {9, 268: this device having an anode 26,
5 control erid 27 and a cathode 28. The cathode
28 is connected directly with the supply eonduc-
tor {9 through s single throw switch 29. The
anocde 28 is connhected with the conductor 28 of
the supply source through the winding 30 of a
contactor 3{. The grid 27 connects with the
movable contact 24 of the potentiometer through
a capacitor 32 which capacitor is shunted by a
resistor 3% which forms a leakage path through
which the capacitor may lose its charge at a pre-
determined rate. The cathode 28 in addition to
its connection with the conductor {8 through
switch 29 has 2 permanent connection with the
other conductor 28 of the supply source through
a resistor 34. The relay 3i normally closes its
contact 25, and is arranged to open this contact
when energized. The system further comprises
welding transformer 35 connected in the circuit
of the electrodes 1! and 12, as shiown. |
Tn operation: When the switch 28 is closed a
circuit is completed for the transformer 3@
through the closed relay contact 35, whereby the
electrodes 1 and 12 are energized and a welding
current flows between them and the assembly of
terminal 8 and resistance helix {. The system
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just described causes the current to flow for a
predetermined interval at the end of which the
relay 31 is energized to open contact 35, thereby
to open the circuit of the transformer 385.
More specifically, when the switeh 29 is in its
open circuit position, as illustrated, no current
flows In the anode-cathode circuit of the dis-
charge device 25 and the relay 31 will be deen-
ergized and its contact 35 closed. At this time
there will be a grid current flow during thdse
half cycles which for convenience, will be termed
the negative half cycles at which the conductor
20 is negative with respect to the conducior 3.
This grid current, namely the electron flow which
takes place during the negative half cycles from
the conductor 20 through the resistor 34, to the
cathode 28, to the grid 271 and to the adjacent
plate of the capacitor 32, is that due to the poten-
tial difference between the potentiometer con-
tact 24 and the conductor 20 in such g manner
that the terminal thereof which connects with
the grid is negative, it being noted that the only
connection of the cathode with the source at
this time is through the resistor 34 to the con-
ductor 20. That is, while the switch 29 is open,
the negative half cycles of the supply voltage
keep the capacitor 32 in a charged condition.

- When the switch 29 is closed the anode-cathode
circuit of the device 25 is closed, whereby the de-
vice functions to pass current during the positive
half cycles to operate the relay 31 under the con-
trol of the grid 27. When the relay 31 is ener-
gized, it operates as described above to open con-
tact 35 which de-energizes the transformer 36

and effectively opens the circuit to the electrodes

(l and (2. .

It will be understood in view of the foregoing,
that after the switch 29 is closed the relay 31 will
be operated only after the lapse of a predeter-
mined time interval this interval being the time
required for the capacitor 32 to discharge
through the resistor 33. The setting of the pO-
tentiometer contact 24 adjusts this time interval.
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After the power to the electrodes is shuyt cil,

the switch 29 is reopened, and another cycle is
effected by reclosing it.

While the resistance conductor 1 is made of 80
nickel-20 chromium alloy, and the terminals 2
and 4 are made of steel in the specific embodi-
ment of the invention illustrated, it is to be un-
derstood that this invention is not limited to
such materials, but that other suitable metals
may be used. And where others are used, it is
necessary only to adjust the timer rheostat con-
tact 24 to set the proper time interval to oblain
the proper welding temperature for the outer
turns 9 of the resistance conductor.

While I have shown and described g narticular
embodiment of my invention, it will be obvious
to those skilled in the art that various changes
and modifications may be made without de-
parting from my invention in its broader aspects
and I, therefore, aim in the appended claims to

cover all such changes and modifications as fall

within the true spirit and scope of my invention.
What I claim as new and desire to secure by
Letters Patent of the United States is-

1. The method of making a terminal structure
for an electric heater having a metallic conductor
and a metallic terminal therefor, which method
comprises forming a portion of said conductor
Into a plurality of turns, inserting a portion of
sald terminal into said turns in frictiona] en-
gagement therewith, and bringing the outermost
only of said turns that are remote from the body
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of said conductor and the part of said terminal
surrounded by them to a temperature sufficiently
high to fuse them to said terminal while holding
the innermost of said turns which are adjacent
to said body and the terminal portion surrounded
thereby at a temperature below the fusing point
of said innermost turns so that said innermost
turns are free from rigid connection with said
terminal although frictionally connected thereto.

2. The method of making a terminal structure
for a heater provided with a metallic conductor
and a rod-like metallic terminal therefor, which
methoed comprises forming a number of turns on
the end of said conductor, inserting the inner end
of said rod-like terminal into said turns so that
the outermost and the innermost of said turns
respectively surround "and frictionally engage
adjacent first and second sections of said inner
end of sald terminal, passing a fusing electric
current through said turns and said terminal, and
simultaneously cooling the outer end of said ter-
minal and said innermost turns and said second
section of said inner end of said terminal so that
only said outermost turns and said first section
of said inner end of said terminal reach g fusion
temperature in order to cause fusion there-
petween. |

3. The method of making a terminal structure
for a sheath-wire heater provided with g metallic
conductor, a rod-like metallic terminal therefor,
a sheath for encasing said conductor and said
terminal, and a powdered heat conducting and
electrically insulating mass within said sheath
embedding said conductor and said terminal and
compacted into engagement therewith, which
method comprises forming one end portion of
sald conductor into a plurality of turns, inserting
one end of said terminal into said turns in fric-
tional engagement therewith, bringing electric
current carrying electrodes into contact with the
other end of said terminal and with the inner-
most of said turns on said one end of said termi-
nal, and passing a fusing electric current between
said electrodes through said innermost turns and
sald terminal, said electrodes being formed to
remain relatively cool in order to keep said inner-
most turns and said other end of said termingl
relatively cool while the remainder of said turns
surrounding said one end of said terminal become
heated to a fusion temperature and fuse to said
one end of said terminal in order to form a welded
joint therebetween.

4. The method of making a terminal structure
for a sheath-wire heater provided with a metallic
conductor, a rod-like metallic terminal therefor,
a sheath for encasing said conductor and said
terminal, and a powdered heat conducting and
electrically insulating mass within said sheath
embedding said conductor and said terminal and
compacted into engagement therewith, which
method comprises forming a number of turns on
the end of said conductor, forming a reduced end
on sald rod-like terminal, inserting said reduced
end into said turns in frictional engagement
therewith, bringing a pair of electrodes of con- _
siderable thermal mass and good heat conduc-
tivity into good electrical and mechanical contact
with the innermost only of said turns and with
the enlarged part of said terminals to pass electric
current through said terminal which is heated
due to its electrical resistance to the passage of
current through it, said enlarged part of said
terminal and said innermost turns, however,
remaining relatively cool due to the presence of
said electrodes, while the heat concentrates in
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a section of said reduced end surrounded by the
outermost of said furns both due to its relative
size and -consequent relatively high electrical
resistance and due to its remoteness from said
electrodes and until its temperature rises suffi-
ciently high to fuse said outermost turns to said
section of said reduced end. -

5. The method of making a terminal structure
for an electric heater provided with a metallic
conductor and a rod-like metalic terminal there-
for, which method comprises forming a number
of turns on the end of said conductor, inserting
one end of said terminal into said turns so that
the outermost and the innermost of said furns
respectively surround and frictionally engage
adjacent first and second sections of said one end

of said terminal, passing a fusing electric current

through said terminal, simultaneously cooling the
other end of said termina] and said innermost
turns and said second section of said one end of
said terminal so that only said outermost turns
and said first section of said one end of said
terminal reach a fusion temperature, and envel-
oping said outermost turns and said first section
of said one end of said terminal with a reducing
atmosphere while fusion therebetween takes

place, o
STERLING A. OAKLEY.
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