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This is a division of application Ser. No. 366,092, filed 
May 8, 1964, and now Patent No. 3,362,064. 
The present invention is concerned with thermocouples 

and with a method for preparing thermocouples and, more 
particularly, with a method for preparing coaxial thermo 
couples. ‘ 

Generally such coaxial thermocouples comprise a cen 
ter post or rod composed of one of the thermocouple ma 
terials which is coaxially set in and attached to the closed 
end of a tube composed of the second thermocouple 
material. Usually in the production of such thermocouples 
considerable thermal and mechanical Working has to be 
employed to close the end of the tube and form the junc 
tion. Such working usually involves elaborate jigging and 
requires considerable skill. Further, lthe mechanical and 
thermal working often produces crystalline changes in the 
outer and more vulnerable tube section which may lead 
to intercrystalline failures and cracks. The problem of 
undesirable crystalline changes occurring during working 
is particularly «present when the tube section comprises a 
material such as tungsten or a tungsten alloy. The pres« 
ent invention is concerned with the preparation of such 
coaxial thermocouples by a method which is simple and 
free of the diñiculties mentioned above. 
One object `of the present invention is to provide a 

method for preparing coaxial thermocouples which re« 
quire little mechanical Working and skill. 
Another object of the invention is to proivde a method 

for preparing coaxial thermocouples which substantially 
reduces the possibility of producing crystalline changes in 
the outer tube portion of the thermocouple. 

Still another object of the invention is to provide co 
axial thermocouples and particularly coaxial thermocou 
ples comprised of tungsten and/ or tungsten alloys by the 
above method. 
Other objects lof the invention will in part be obvious 

and will in part appear hereinafter. 
The invention accordingly comprises the method in 

volving the several steps and the relation and order of 
one or more of such steps with respect to each of the 
others, and the product possessing the features, properties 
and the relation of elements which are exemplified in the 
following detailed disclosure, and the scope of the appli 
cation of which will be indicated in the claims. 

For a fuller understanding of the nature and objects 
of the invention, reference should be had to the following 
detailed description taken in connection with the accom 
panying drawing wherein FIG. l, a to d, are cross-sec 
tional views illustrating the preparation of a coaxial ther 
mocouple by the method of the present invention. 

Generally, in carrying out the method of the present 
invention, the center post or rod is rotated about its longi 
tudinal axis, e.g., in a lathe. As the rod is rotated, one 
end is heated to its melting point using a suitable heating 
means such, for example, as a heliarc welding torch. Pref 
erably, the heating means is axially aligned with the center 
line of the rod. As a result of the heat and centrifugal 
force an enlarged mass, e.g., a ball-like mass is formed on 
the end of the rod. The heating and rotation of the rod is 
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continued until the diameter of the mass or head at the 
end of the rod is almost equal to the inside diameter of the 
tube which is to be employed as the second component 
of the thermocouple. At this stage the mass is cooled and 
the rod is coaxially positioned within the tube so that the 
mass is closely adjacent one end o-f the tube. The tube and 
rod are rotated and heat is applied to fuse the end of 
the tube to the mass. 

In a preferred mode of forming the enlarged mass at 
the end of the rod, the heating means is moved towards 
the rod as it is rotated causing the molten mass to recede 
and melt more of the rod. When the desired amount of 
material has been melted the heat is reduced so that only 
the front surface of the mass nearest the heating means 
remains molten. In this state, the rotation of the rod 
causes the molten material to slide Way from the center 
portion of the mass and freeze at the outer edge thereof, 
thus causing the diameter of the mass to increase. 
The junction between the mass and tubing is preferably 

formed by positioning the mass just inside the tubing, e.g., 
recessed about 0.015 inch from the edge, and applying 
heat to the mass as it and the tube are rotated. The heat 
and rotation cause some of the mass to melt and flow 
towards the wall of the tubing. Usually during the fusion 
the overhang of the tubing will also melt due to conduc 
tion of heat from the mass. Generally, the joining of the 
mass and tubing will be completed when the overhang of 
the tube collapses. 
The method of the present invention is particularly use 

ful in forming coaxial thermocouples of refractory metals 
and alloys thereof. It is especially useful in preparing co 
axial thermocouples of tungsten and/ or tungsten-rhenium 
alloys such, for example, as: 

Center rod 

Tungsten-5% rhenium 
Tungsten-26% rhenium 
Tungsten 
Tungsten-26% rhenium 

Tubing 
Tungsten-26% rhenium 
Tungsten-5% rhenium 
Tungsten-26% rhenium 
Tungsten 

Referring to FIGURE 1, a through d, there is shown an 
illustration of the method of the present invention. In 
FIGURE 1a, a center rod 2 is set in a chill ̀ 4 which in turn 
is set in a collet 6 of a suitable lathe (not shown). The 
lathe is rotated and the end of the rod is brought to its 
melting point by a suitable heating means, c_g., a heliarc 
torch (not shown). The heating and rotation are contin 
ued until an enlarged mass 2a (FIG. 1b) of substantially 
the desired diameter is formed. The mass 2a is then cooled 
(preferably in an inert at-mosphere) and an extension wire 
10 is welded to the center rod (FIG. lc). The center rod 
2 with the wire extension 10 is placed in .a second chill 12 
(FIG. ld) which has a channel 13 therein for receiving 
the wire extension 10. The channel 13 serves in preventing 
the wire 10 from being snapped off during the subsequent 
steps of the method. The second chill is slid inside the 
tube 14 of the second thermocouple material so that the 
mass 2a lies just inside the edge of the tube 14. The tube 
14 is then set in another chill 16 held in the collet 6 (not 
shown in FIG. ld) of the lathe. The lathe is rotated and 
heat is applied to the center of the mass 2a until the seal 
between the mass 2a and the tube 14 is complete. 
The following nonlimiting example illustrates the 

method of the present invention. 

EXAMPLE 

A tungsten-5% rhenium center post 2, about 1% inches 
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long and about 0.062 inch in diameter was placed in a 
copper chill 4 such as shown in FIG. la. The chill was 
held in collet 6 which was attached to a lathe in a conven 
tional manner. The lathe mechanism was rotated thus 
also rotating the rod workpiece. In this instance, the lathe 
was rotated at about 14 r.p.m. 
A heliarc torch was positioned in the carriage of the 

lathe such that the electrode thereof was axially aligned 
with the center line of the rotating rod. An arc was then 
struck to the rod and the power increased to the desired 
level. Due to the heat and rotation, the tip of the rod 
was melted and rolled back to form a ball-like mass 2a. 
The torch was advanced toward the rod causing the 
molten yball-like mass to recede and melt more of the rod. 
During the recession and growth of the molten mass 2a, 
the torch was moved or advanced so that the electrode 
was maintained at the distance of from about 1/16 to about 
l/ág of an inch from the end of the balled mass. When the 
required amount of the rod had been melted, in this case 
until about only 1/2 inch of the rod remained unmelted, 
the power was cut back so that only the surface of the 
ball-like mass closest to the electrode was maintained in 
a molten state. Due to the continued rotatio-n of the rod, 
the molten portion of the mass was moved to the outer 
edge thereof Where it solidified thus enlarging the mass. 
The rotation and heating were continued until the mass 
had an outside diameter of about 0.143 inch. The mass 
was then cooled in an inert argon atmosphere. 
An extension wire 10 was welded to the distal end of 

the rod 2 and this assembly was then mounted in a suit 
able copper chill 12. The chill was slipped into a tung 
sten-26% rhenium tube 14 so that the portion of the mass 
with the maximum outer diameter was positioned or re 
cessed about 0.015 inch inside the end of the tube. This 
entire assembly was mounted in another copper chill 16 
which was held in a collet attached to a lathe. 
The lathe was rotated at about 14 r.p.m. and a suitable 

arc was struck between the mass 2a and the electrode of 
the heliarc torch which was axially aligned with the center 
line of the mass. The electrode was held about Mgg of an 
inch away from the end of the mass. The heat and rota 
tion caused the surface of the mass closest to the electrode 
to melt and to be moved into contact with the wall of the 
tubing 14. The slight overhang of the tubing was also 
melted and collapsed due to the conduction of heat from 
the mass. Upon the completion of the weld or seal be 
tween the tube 14 and mass 2a the resulting thermocouple 
was allowed to cool in an inert argon atmosphere. 
When desired, the thermocouples of the present inven 

tion may be coated, subsequent to their formation, with 
protective coatings such, for example, as zirconium di 
boride, hafnium oxide, aluminum oxide, boron nitride, 
beryllium oxide, and the like. 

In forming the junction between the mass and the tube, 
it is preferable, in order not to form an unnecessarily 
large junction, to limit the time of heating. In the above 
example, the seal was completed in about 5 seconds when 
the workpiece was being rotated at about 14 r.p.m. 
The speed of rotation of the rod in forming the ball 

like mass and in the joining of the mass to the tube can 
be varied over wide limits. Generally, speeds of about 10 
to about 30 r.p.m. will be useful. 
The teachings of the present invention can also be uti 

lized for the preparation of thermocouples commonly 
designated as thermocouples with a ‘protective tube or 
thermocouple with well. In this type of thermocouple as 
sembly a tube or sheath preferably having one end thereof 
closed is provided to enclose and protect a two-wire ther 
mocouple. 
The two-wire thermocouple can Ibe formed by ñrst 
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4 
twisting together a short portion of one end of each of 
the wires. The twisted wires or the twisted wire portion 
can be heated with, for exa-mple, a heliarc torch, so as to 
cause the twisted portion to melt and to roll up to form 
into a ball-like mass thus firmly joining together one end 
o-f each of the two wires and forming an excellent thermo 
couple junction. The thermocouple wires can then be in 
serted in or enclosed by a protective sheath or tube; the 
joined portion of the wires forming the thermocouple 
junction being positioned in the tube or sheath so as to be 
substantially adjacent or in contact with the closed end 
thereof. 
The thermocouple wires and protective tubing can be 

formed of materails well known in the art. For instance, 
the thermocouple wires can `be selected from the group 
consisting of the refractory metals and alloys, eg., tung 
sten and tungsten-rhenium alloys as heretofore noted, 
while the protective tubing can be cera-mic, a refractory 
metal or alloy, a refractory metal oxide, carbide, nitride 
or the like. 

Since certain changes may be made in the above prod 
uct and method without departing from the scope of the 
invention herein involved, it is intended that all matter 
contained in the above description and in the accompany 
ing drawing shall be interpreted as illustrative and not in 
a limiting sense. 
We claim: 
1. A thermocouple comprising a rod of a ñrst thermo 

couple material having an integral enlarged mass of said 
ñrst thermocouple material at one end thereof, 

said rod being coaxially located in a tube comprising a 
constant diameter second thermocouple material, 

the outside diameter of said mass ybeing substantially 
equal to the inside diameter of said tube, 

said rod being positioned in said tube so that said 
mass is close to one end of said tube and integrally 
closes said one end, 

and said mass and said tube being joined together Iby 
‘a joint consisting essentially of said ñrst thermocou 
ple material and said second thermocouple material. 

2. A thermocouple as deñned in claim 1 wherein said 
ñrst and said second thermocouple materials are selected 
from the group consisting of tungsten and tungsten-rhe 
nium alloys. 
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