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[5 7] ABSTRACT 
An electric resistance heater especially intended for 
industrial use having at least two elongated parallel el 
ements, one of which is located inside the other, one 
being an elongated tube through which the other ex 
tends, the two being electrically insulated from each 
other except where they are joined by a conducting 
closure for the outer element at one end only of the 
assembly. At the other end the outer element has a 
terminal portion through which it is electrically con 
nected to one side of a current source. The inner ele 
ment also has a terminal portion that passes through 
and projects beyond the terminal portion of the outer 
element to which connection can be made to the other 
side of a power source. Since both the inner and outer 
elements are non-magnetic conductors carrying equal 
currents in opposite directions, there is no external 
magnetic ?eld and therefore no energy loss to sur 
rounding metal bodies when the heater is energized 
with alternating current. Generally both elements are 
resistors. The outer element substantially protects the 
inner one from oxidation or other corrosive effects of 
the atmosphere in which the heater operates. 

A novel mounting enables the heater to be projected 
into a chamber to be heated or withdrawn into a 
shroud, with power-operated terminal clamps through 
which the terminals of the resistor are connected to a 
power source- when the heater is projected into the 
chamber to be operated. 

4 Claims, 17 Drawing Figures 
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VACUUM FURNACE WITH AN ELECTRIC 
HEATER ASSEMBLY 

This is a continuation of application Ser. No. 29,150, 
filed Apr. 16, I970, now abandoned. 
This invention is for an electrical resistance heater, 

and more especially a resistance heater for use in cer 
tain industrial environments, particularly enclosed 
chambers, such as a molten metal degassing chamber, 
where a large capacity heater is necessary, and which 
is often subjected to especially destructive conditions. 
Since the invention herein disclosed was developed 

especially for use in the preheating of a vacuum metal 
degassing chamber, it will be described in connection 
with such an apparatus, but without limitation to its use 
in other apparatus to which it is also applicable. 

In the degassing of molten metal, such as steel, the 
molten metal is drawn from a receptacle such as a ladle 
up a tubular leg and discharged into a refractory-lined 
degassing chamber which is connected to a pump of 
some kind that maintains a vacuum therein. The re 
duced pressure in the degassing chamber releases gases 
that are entrained in the metal. The degassed metal 
may then be returned to the receptacle from which it 
was withdrawn or discharged into another vessel or into 
a continuous casting apparatus. 
Before the degassing chamber can be put into opera 

tion, it must be preheated to bring the interior lining of 
the vessel up to a sufficiently high temperature that the 
molten metal will not be chilled and solidify therein. 
Preheating the degassing chamber is sometimes accom 
plished by burning gas inside the chamber. However, 
electric resistance heaters are desirable, and the heater 
of the present invention is especially, but certainly not 
exclusively, for this purpose. . 

One type of resistance heater heretofore designed for 
this purpose is the straight through-type where a resis 
tance element extends more or less diametrically 
through the interior of the degassing chamber with its 
terminals passing through the walls of the vessel and 
with electric connections at the opposed protruding 
ends of the element. This requires that there be two op 
posite ports in the wall of the vessel through which op 
posite ends of the heater extend and both ports must be 
sealed against air leakage when the chamber is under 
vacuum. The seals must be adequately protected by the 
refractory lining of the vessel. In such constructions the 
resistor is usually left in place when the apparatus is op 
erating, exposing the resistor both to destructive gases 
and to being splashed by hot metal. When such a heater 
is energized with alternating current, there may be sub 
stantial current losses due to the induction of eddy cur 
rents in the steel vessel or other metal objects adjacent 
the heater. 
A second type of heater which requires only a single 

port in the vessel wall has a resistor of U shape or “hair 
pin” loop, but it requires a complex seal and electric 
terminals and the resistor may become fouled and 
short-circuited by a build-up of metal, slag, or other 
foreign substances across the space between the two 
parallel legs of the resistor. 
The present invention has for its principal objects to 

provide a resistance heater having a unique arrange 
ment of resistor elements to reduce upkeep costs, avoid 
any external magnetic ?eld, and in which the electric 
terminals are at the same end of the resistor, so that 
only one port is required in the furnace wall where the 
heater passes through the furnace wall of an enclosure. 
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2 
However it is not subject to short-circuiting by fouling 
of the resistor element. A further object is to provide 
with such a resistor a unique arrangement for connect 
ing the same to a source of electric power. A still fur 
ther object is to provide a resistor which may be with 
drawn into a protected environment when it is not in 
use. 

BRIEF DESCRIPTION OF THE INVENTION 

In general, the resistor of the present invention in its 
simplest form comprises an outer tubular element, and 
positioned within it is a coaxially-extending inner ele 
ment, these elements being spaced from one another 
throughout their length, but they are connected at the 
inner end of the resistor by a conducting closure mem 
ber which substantially excludes furnace gases from en 
tering the interior of the heater. The other or outer end 
of the outer tube has a terminal portion to which a cur 
rent input connector may be clamped. The outer end 
of the inner element also has a terminal portion that ex 
tends through and projects beyond the terminal portion 
of the outer member for attachment to the second cur 
rent supply line. In a desirable installation, as for degas 
sing, there is a tubular housing or shroud that is secured 
to the top of the degassing chamber, and the resistor 
may be lowered from a raised position where it is en 
closed in the housing to an operating position where it 
extends down into the degassing chamber to radiate 
heat to the walls of said chamber. Spaced pairs of op 
posed clamping elements are so located on the housing 
that when the heater is lowered into operating position, 
one pair of clamps will engage the upper end or termi 
nal portion of the outer sleeve element, and one pair of 
clamps will engage the protruding end of the inner re 
sistor element to supply electric current thereto so that 
the two elements of the resistor are connected in series. 

In most cases the outer tubular element and the inner 
element are both‘ heat-generating resistors, but in some 
cases the outer member may be operated primarily as 
a conductor and as a radiant element that receives the 
heat generated by the inner resistor element and re-' 
radiates it to the exterior. In other cases there may be 
two or more resistors in the outer member. 
My invention may be more fully understood by refer 

ence to the accompanying drawings, in which: 
FIGS.1A and 1B are complementary longitudinal 

sections through the resistor apart from the apparatus 
with which it is used, 1A being the outer end portion 
and 1B being the inner end portion; 
FIG. 2 is a transverse section in the plane of line 

II-II of FIG. 1, but on a larger scale, included in 
FIGS.3 and 4; 
FIG. 3 is a transverse section in the plane of line III 

-—III of FIG. 1; 
FIG. 4 is a transverse section in the plane of line 

lV-IV of FIG. 1; 
FIG. 5 is a side elevation of a molten metal degassing 

apparatus with the electrode and the accompanying ap 
paratus mounted on the degassing vessel; 
FIG. 6 is a vertical. longitudinal section showing the 

clamps for making electrical contact with the resistor 
elements when the resistor is in operating position; 
FIG. 7 is an enlarged fragmentary view of the appara 

tus shown in FIG. 6, but rotated 90° from FIG. 6, the 
view being a vertical section so that the operating link 
age is not seen; 
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FIG. .8 is a transverse fragmentary section in the 
plane of line VIII-—VIII of FIG. 7,‘ but showing the 
clamp-operating linkage; 
FIG. 9 is a side elevation of the linkage shown in FIG. 

8, the view being an elevation of the part of the struc 
ture shown in FIG. 7; 
FIG. 10 is a vertical fragmentary section of the 

shroud on a larger section than FIG. 6, showing the lift 
ing and lowering connection at the top of the heater; 
FIG. 1 l is a transverse horizontal section in the plane 

of line XI—XI of FIG. 10; 
FIG. 12 is an enlarged detail view in horizontal sec 

tion of a single connector clamp and its mounting, it 
being an enlargement; 
FIG. 13 is a more or less schematic modi?cation of 

the heater shown in FIGS. 1A and 1B, the view being 
partly in elevation and partly in horizontal section; 
FIG. 14 is a transverse section on line XIV-XIV of 

FIG. 13; 
FIG. 15 is a view similar to FIG. 13 of another modi? 

cation for use with a three-phase alternating current; 
and ' 

FIG. 16 is-a transverse section in the plane of line 
XVI-XVI of FIG. 15. 
As previously indicated, resistance heaters as herein 

contemplated may be designed to operate at quite high 
temperatures, even approximating the melting point of 
steel. For industries, such as steel degassing, where pro 
duction is reckoned in tonnage, they must be large. In 
the speci?c example hereinafter described, the overall 
length of the heater is of the order of around 23 feet, 
but it may be longer or shorter, depending on the use 
to which it is to be put. To develop such high tempera 
tures in resistors of this size, very heavy currents are 
used and substantial current losses can occor in some 
environments if the heater in operation sets up an ex 
ternal magnetic field. 
A form of the resistance heater itself is shown apart 

from the apparatus or equipment with which it is used 
in FIGS. 1A and 18. Because of its length, and in order 
to show the construction, it has been necessary to show 
the-outer or upper end portion of the resistor in FIG. 
IA and the opposite end portion'in FIG. 1B. For econ 
omy of manufacture and repair or replacement of 
parts, very long heaters may be comprised of longitudi 
nal sections which are coupled by separable couplings. 
The heater as shown in FIGS. 1A and 1B is com 

prised of two elements or assemblies, an outer tubular 
assembly 2, an inner assembly 3, and there is a com 
bined closure and connector element 4 at the inner end 
uniting both members. ‘ 
The outer tubular assembly 2 has a terminal element 

5 at the outer end, a tubular resistance element 6 hav 
ing one end screwed in the terminal 5 at 7. While the 
tubular element 6 could be an integral tubing‘for the 
full length of the resistor, it preferably extends to a cou 
pling sleeve 8,and a second similar tubular resistance 
‘element 9, also screwed into the coupling 8, extends 
from said coupling with its opposite end screwed into 
the terminal closure element 4. As seen in the drawing, 
the closure element 4 is of generally cup-like section 
with an internally-threaded sleeve portion 10 into 
which the member 9 is screwed. 
The inner assembly 3 of the resistor comprises an 

outer terminal portion 11, preferably of a diameter 
about the same as the terminal portion of the outer 
member, enabling similar connector clamps to be used 
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with both terminals. It has a conductor portion 12 of 
substantial or solid section concentrically positioned in 
and spaced from terminal portion 5 of the outer mem 
ber. As here shown it is made in two sections, the outer 
portion of which is integral with terminal 11, and the 
inner portion 12a is joined to the outer section in tight 
abutting relation thereto by a threaded internal cou 
pling 13. The reduced inner end 12b of section 12a is 
connected at 14 to the inner resistor element 15 by an 
internally-threaded coupling. The resistor is here 
shown as a tubular element, but may be a rod. It is pref 
erably made in two or more sections joined together in 
abutting relation by an internal threaded coupling, as 
indicated at 16. The innermost end of the resistor 15 is 
?rmly connected to the interior end o'f'the cup-like end 
member 4 by a solid screw plug coupling 17 in a central 
bor in the member 4, which is also screwed into the end 
portion 15 of the resistor. This screw coupling 17 holds 
the inner element centered in the outer one with the 
two spaced from each other throughout their length. 
The two assemblies 2 and 3 are thus spaced from and 
insulated from each other except for the end connec 
tion 4 which unites them electrically and mechanically. 
At the cooler terminal end of the heater a composite 

insulating bushing structure 18 surrounding the portion 
12 of the inner element and secured in the outer end 
of the outer terminal member 5 keeps the two resistor 
elements-in concentric spaced relation. Because of the 
small scale of the drawing the structure of this bushing 
arrangement is only indicated in FIG. 1A but is shown 
in greater detail in FIG. 10 and will hereinafter be more 
fully described. The bushing 18 also encloses the space 
inside the heater against free ?ow of air into it. There 
are shown radial spacing pins 19 arranged in groups of 
three at intervals along the length of the heater, these 
also serving to keep the inner and outer resistor ele 
ments in concentric spaced relation. In most cases they 
may be unnecessary, but where they are used they are 
located where their outer ends pass through the resistor 
element and bear against the inner surface of a cou 
pling, as at 7 or 8. Arranged in this way they are located 
for convenient assembly or replacement. 
The resistor elements and terminal portions and the 

plug 4 and external and internal couplings may be 
formed of carbon, silicon carbide, or a'metal or metal 
alloy of a type commonly used in resistance heaters or 
combinations thereof. The terminal 11 of the inner ele 
ment is here shown with an end socket in which is se 
cured insulation 20 around a connector 20a into which 
is screwed a lifting eye 21 for use where the resistor is 
suspended in a vertical position, as hereinafter de 
scribed. ~ 

The heater, like a hair-pin type of heater, has both 
terminals at one end, but it is of advantage over a hair 
pin type in that with one resistor leg is centered within 
the other and the space between the two legs of the re 
sistor is enclosed so that metal or slag can never build 
up and bridge across the two resistor elements of this 
invention as it may and does do with a hair-pin loop 
type of resistor. In operation, substantially ‘all of the 
heat generated by the inner resistor element is radiated 
to and through the outer one, which also radiates heat 
generated within itself, providing a heater with a rela 
tively large heat radiating surface which is also a resis 
tance heater with a smaller diameter internal resistor to 
increase or boost the overall temperature. As above 
pointed out, the coaxial arrangement of the two resis 
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tors eliminates any external magnetic ?eld, thereby re 
ducing energy loss to induced fields in the surrounding 
structure. With the inner resistor substantially pro 
tected from corrosive atmospheres to which the heater 
is exposed, or from the free circulation of air about it, 
it may be operated at higher temperatures or for longer 
periods of time or both than a resistor freely exposed 
to the surrounding atmosphere. The outer resistor of 
course has no similar protection, but it is cheaper to re 
place one resistor from time to time than two of them, 
as is the case with a hair-pin type of resistor heater or 
two conventional resistors. Also the outer resistor of 
the present invention may be of a more expensive and 
corrosive or oxidation-resistant material than the inner 
one, or may have a protective surface composition 
thereover that has a softening point higher than the op 
erating temperature of the resistor and does not react 
with the resistor. 
One apparatus for which the heater is especially, 

though not exclusively useful, is one in which it is used 
in a vertically elongated generally cylindrical enclo 
sure, such as a‘ hot metal degasser. In a degasser the 
heater is used to preheat the interior of the enclosure 
into which molten metal is drawn from a ladle by vac 
uum, one such apparatus being shown in FIG. 5. 
Referring to FIG. 5, 22 designates a typical vacuum 

degassing vessel having one or more depending legs 23. 
Where there is a single leg, molten metal is alternately 
sucked up from a ladle into the vessel 22, retained in 
the vessel for degassing, and then discharged into the 
ladle. More frequently the vessel vhas two depending 
legs 23, one behind the other as viewed in FIG. 5, and 
molten metal is sucked up one leg and discharged from 
the other, as is well understood in the art. There is a 
duct 24 leading from the upper portion of vessel 22 
through which gases are drawn to maintain a vacuum 
in the degassing chamber by means of a pump of some 
type (not shown). In a typical installation, and for pur 
poses of illustration, the degassing chamber may be of 
a height of around 22 feet with a diameter of perhaps 
9 or ‘10 feet, while, as above noted, the heater has an 
overall length of around 21 to 22 feet. 
The heating apparatus of the present invention is 

mounted on top of the degassing chamber and is desig 
nated generally by the numeral 25 in FIGS. 5 and 6. 
The top of the degassing chamber has a port 26 there 
through above which is a ?anged fitting 27 to which a 
housing 28 is ?xed. This housing as here shown has 
spaced walls so that it may be cooled, either with water 
or air, and is of an upwardly-increasing ?at-sided elipti 
cal section. There is a tubular extension 28a bolted or 
sealed to the top thereof. At the top of the tubular ex 
tension there is provided an internally-offset gas-tight 
casing 29. There is a sheave 30 inside this casing, and 
a second idler sheave 31 in the casing offset to one side 
of the sheave 30, and a motor-driven winch 32 is con 
tained within an extension at the top of the casing 29. 
It is driven by a motor and reducing gear mounted on 
the outside of the casing 29, but which is not shown in 
the drawings. A cable 33 from the winch 32 is reeved 
under the sheave 31 and over the sheave 30 and passes 
centrally down through the shroud and extension 28, 
and is attached to the lifting eye 21 at the terminal 11 
of the resistor for moving the entire heater unit up and 
down in the shroud as hereinafter more fully explained. 
For uniting the inner and outer assemblies and allow 

ing for relative thermal expansion and contraction, 
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6 
there is an eleptical ?ange-plate 35 at the end of termi 
nal 11 of the inner member, but which is insulated 
therefrom by insulating sheet 35’. The connector 20a 
and the shank of the screw-eye 21 pass up through the 
center of the ?ange plate. The composite bushing 
structure 18 at the outer end of the outer assembly 
comprises applate 37 with a center sleeve portion 
screwed into the outer end of terminal 5 and with an 
insulator ring 37a therein between the sleeve and por 
tion 12 of the innerassembly. There are headed tie rods 
38 passing upwardly through the plate 37 with insula 
tors 39 separating them from the plate 37. These rods 
pass through plate 37 and their upper ends pass 
through and are adjustably secured in a plate 40. This 
plate rests on a Belleville spring assembly 41 that is 
con?ned against a fixed abutment 42 on the shank of 
the ‘lifting eye below plate 40. 
The plate 35 carries a short tubular extension 35a 

which, as seen in FIG. 10, alwaysprojects up into the 
tubular housing or shroud, even when the heater is in 
its lowermost position, as hereinafter described to 
guide the heater, and it is raised or lowered inside the 
shroud. This extension 35a has peripherally-spaced 
pins 35b on the exterior thereof which move in guide 
ways on the interior of the shroud to hold the heater 
from twisting, or from becoming snagged when the 
heater is lowered to its fullest extent. The shroud has 
double walls providing a space between them for circu 
lation of cooling water. ' 

The housing 28 contains the parts through which 
electrical connection is made with the terminal of the 
resistor when the heater is in its lowermost or operating 
position. At this time the major portion of the heater 
projects to its fullest extent down into the degassing 
vessel with its lower end spaced only a few feet at most 
from the bottom of the ‘degassing chamber. When the 
heater is thus lowered, the resistor terminals will be in 
side the housing 28, but the guide section 35b will still 
be inside the shroud. 

Electrical connection is made to the terminal 11 of 
the inner resistor element by a pair of opposed clamps 
50 and 50a respectively and to the terminal 5 of the 
outer resistor element by a similar pair of opposed 
clamps 51 and 51a, these being directly under the re 
spective clamps 50 and 50a. The larger diameter of the 
terminal portion 5 of the outer assembly with its corre 
sponding increase in area and the enlarged portion 11 
on the conductor 12-12a of the inner heating element 
provide enlarged areas for contact with the electrical 
connector clamps to thereby lower the contact resis 
tance heater elements themselves. Also it enables each 
pair of connector clamps is the same and each individ 
ual clamp is the same, so that one clamp of each pair 
and one pair will‘ be described, to apply to all. The 
clamps 50 and 50a for example may be formed of cop 
per or graphite. Each has a curved inner face to con 
form to the surface of the resistor terminal which it 
contacts. Each contact element or shoe is at the inner ‘ 
end of a reciprocable conductor stem 52. This stem is 
slidably guided in insulating bushings 53 with a sup 
porting sleeve 54 carried on a water-cooled supporting 
assembly 55 welded to and passing through the housing 
28. On the stem 52 beyond the end of the sleeve 54 
there is a fixed disk or plate 56. A metal bellows57 
abuts against and is joined to the inner face of this plate 
through a layer of insulation 58. As thus assembled, 
each connector can move toward and away from the 
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terminal of the resistor which it is adapted to contact, 
and each one is insulated from the housing 8, but the 
bellows provides a seal to prevent leakage of air from 
outside the bellows into the supporting structure 28, 
since such leakage would be detrimental to the degas 
sing operation where a vacuum must be kept inside the 
vessel 22 and all passages opening into it. 

In FIGS. 8 and 12 the contact shoe 50 is retracted 
from and out of contact with the terminal 1 l, and at the 
same time all the other contact shoes 51 and 51a are 
retracted. To operate the contact shoes 50-50a to press 
tightly against the terminal 11, there is a ?uid pressure 
cylinder 60, preferably designated to be operated by air 
pressure. One end of this cylinder is pivotally con 
nected to one end ofa lever 61 that pivots about a ?xed 
post 53, and which has its other end pivotally con 
nected at 63 to the outer bifurcated end of the stem 52 
through a short link 61a pivoted to 52 at 59. The cylin 
der has a piston and piston rod 64 connected to a simi 
lar lever 65 that pivots about post 66 and is similarly 
connected to the stem 52 of the shoe 50a, the arrange 
ment being such that when air under pressure is applied 
to cylinder 60, both levers will be rocked to move their 
respective shoe-supporting stems 52 toward each other 
to clamp terminal 11 between them. To equalize their 
respective movements, lever 61 has a bushing thereon 
from which extends a lever 68 and there is a similar 
lever. 69 connected with lever 65. Links 70 connect the 
levers 68 and 69 to opposite ends of a horizontally 
pivoting equalizing bar 71 so that each shoe moves the 
same distance and the pressure of each against the ter 
minal 11' is equalized. I l ' 

As above stated, the contact shoes 51 and 51a are ar 
ranged and operated in the same way. Since each shoe 
is insulated from the housing 28, the upper contact 
shoes are insulated from the lower ones, so that the cur 
rent path must be from one heater resistor terminal, 
through the full length of one resistor across plug 4 and 
back through the full length of the other resistor. 
When the degassing apparatus is operating, the 

heater is not required, and it is drawn by a winch 32 
and cable 33 up into the tubular housing or shroud 28a, 
at which time of course the clamping electrodes are re 
tracted. At start-up, however, when the degassing ves 
sel is cold, the heater is lowered by the winch to the full 
length of the cable 33, at which time the terminal 11 of 
the inner resistor member will be positioned between 
the upper clamping electrodes 50 and 50a and the ter 
minal 5 of the outer resistor will be positioned between 
the lower clamping electrodes 51-51a. The several 
?uid pressure cylinders are energized to move and 
firmly hold the clamps 50-50a and the clamps 5l-51a 
against the terminals of the heater whici they confront, 
and when they have been so moved to clamp the heater 
terminals, the current may be applied. 

In the foregoing description there is a concentric ar 
rangement of two elements. In some cases, it may be 
desirable to have three resistor elements, which could 
be concentric, or two parallel resistors may be posi 
tioned inside a third element or outer tube which may 
be a resistor, or simply a current-carrying element and 
re-radiator of heat generated in the two resistors inside 
it. Such an arrangement is shown in FIGS. 13 and 14. 
In these figures 70 designates an outer tube having a 
terminal 71 at one end. Extending lengthwise through 
the tube 70 are two parallel resistors 72 and 73 which 
may be tubes or rods. The tube 70 and resistors 72 and 
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73 may be made in section with couplings as shown in 
FIGS. 1A and 1B. 

In FIGS. 13 and 14 the'two resistors 72 and 73 have 
their inner ends secured in a conducting plug or body 
74 that is screwed into or otherwise ?xed in the end of 
tube 71 and in addition to forming a current conduct 
ing path from tube 70 to resistors 72 and 73 forms a 
closure for the lower or inner end of the tube 70. At the 
opposite or outer end of the tube 70 the resistors 72 
and 73 pass through a ceramic insulating bushing 75 
that serves to support them in parallel relation and in 
sulate them from terminal 71. The outer ends of the re 
sistors 72 and 73 are connected into a conducting ter 
minal 76. 

In this arrangement current may flow between termi 
nals 71 and 76 through a path comprising tube 70, plug 
74 and resistors 72 and 73. If desired, tube or element 
70 may be a resistor, or it may be primarily a current 
conducting enclosure for resistor elements 72 and 73. 
Whether 70 is a resistor or primarily a conductor, heat 
generated in resistors 72 and 73 is radiated to element 
70 and re-radiated from element 70 to the surrounding 
environment. 
FIGS. 15 and 16 show another modi?cation in which 

the outer element is simply an enclosure for three resis 
tor elements which generate the heat that is radiated 
from the resistors. In these ?gures 80 is a tubular outer 
member, which may here be non-conducting, and 
within it are three parallel separated resistors 81, 82 
and 83. They are connected electrically at the lower or 
inner end by a conducting closure plug 84 that excludes 
air and furnace gases from freely circulating inside the 
tube 80. The upper ends 

In FIGS. 13 and 14 the two resistors 72 and 73 have 
their inner ends secured in a conducting plug or body 
74 that is screwed into or otherwise ?xed in the end of 
tube 71 and in addition to forming a current conduct 
ing path from tube 70 to resistors 72 and 73, forms a 
closure for the lower or inner end of the tube 70. At the 
opposite or outer end of the tube 70 the resistors 72 
and 73 pass through a ceramic insulating bushing 75 
that serves to support them in parallel relation and in 
sulate themfrom terminal 71. The outer ends of the re 
sistors 72 and 73 are connected into a conducting ter 
minal 76. 

In this arrangement current may ?ow between termi 
nals 71- and 76 through a path comprising tube 70, plug 
74 and resistors 72 and 73. If desired, tube or element 
70 may be a resistor, or it may be primarily a current 
conducting enclosure for resistor elements 72 and 73._ 
Whether 70 is a resistor or primarily a conductor, heat 
generated in‘ resistors 72 and 73 is radiated to element 
70 and-re-radiated from element 70 to the surrounding 
environment. . 

FIGS. 15 and 16 show another modi?cation in which 
the outer element is simply an enclosure for three resis~ 
tor elements which generate the heat that is radiated 
from the resistors. In these ?gures 80 is a tubular outer 
member, which may here be non-conducting, and 
within it are three parallel separated resistors 81, 82 
and 83. They are connected electrically at the lower or 
inner end by a conducting closure plug 84 that excludes 
air and furnace gases from freely circulating inside the 
tube 80. The upper ends of the three resistors pass 
through an insulating closure 85 at the top or outer end 
of the tube 80. This closure keeps the upper ends of the 
resistors spaced from each other and prevents the free 
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circulation of air or gases into the interior of the tube. 
Each resistor has a terminal portion 81a, 82a and 83a 
respectively at its outer end. ' 

This arrangement is especially suitable for use with a 
three-phase alternating current where the current paths 
may be from 81 through 84 and 83, or 81 through 84 
and 82, or through 82 through 84 and 83. 
To the extent applicable, any arrangement or de 

scription shown in any of the several heaters may be 
utilized in any of the others. 

I claim: _ 

1. Apparatus for radiantly heating the interior of an 
enclosed vacuum vessel wherein the vessel has a port 
at the top thereof through which a heater may be en 

~ tered, comprising: 

a. a housing positioned on the vessel over said port, 
b. a tubular extension on said housing projecting up 
wardly therefrom, 

c. a winch and cable at the top of the tubular exten 
sion, 

d. an elongated resistance heater adapted to be re 
ceived in said housing and extension and moved up 
and down therein, said heater comprising: 
1. inner and outer concentric spaced elongated re 
sistance elements joined together at their lower 
ends, both of which have coaxially-extending 
concentric conducting terminal portions on their 
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upper ends with the terminal portion of the inner ' 
element extending axially beyond the terminal 
portion of the outer one, 

2. electrical connector means yieldably connecting 
the terminal portions of the inner and outer resis 
tance elements arranged to yieldably resist rela 
tive thermal expansion between said elements 
but arranged to electrically insulate said terminal 
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10 
portions from each other, 

e. attachment means connecting said cable with the 
upper end of the resistance heater, 

f. vertically separate pairs of clamping electrodes in 
the housing, the upper electrodes being in position 
to clamp the terminal portion of the inner resis 
tance element when the heater is lowered through 
said port into the vessel and the lower clamping 
electrodes being positioned to clamp the terminal 
portion of the outer resistance element when the 
heater is so lowered, 

g. resilient means for effecting radial movement of 
said pairs of clampingelectrodes into gripping con 
tact with the terminal portions which they engage 
or to release them from said engagement, and 

h. electrical lead means externally of the housing for 
connecting the clamping electrode with electrical 
conductors. 

2. Apparatus for radiantly heating the interior of an 
enclosed vessel as de?ned in claim 1 wherein the hous 
ing and housing extension is sealed to the vessel and is 
sealed against the entrance of atmospheric air there 
through. 

3. Apparatus for radiantly heating the interior of an 
enclosed vessel as de?ned in claim 1 wherein the vessel 
is a vertically-elongated degassing vessel having means 
for maintaining the vacuum therein. 

4. Apparatus as de?ned in claim 1 wherein there is 
an upwardly-extending sleeve on said heater unit ar 
ranged to guide said heater unit in said tubular exten 
sion-throughout the entire range of movement of the 
heater unit between its lowest and highest limits of 
travel. 

* * * >l= * 


