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[57] ABSTRACT

The present invention employs a heating element means
which 1s formed into an endless configuration, i.e., a
closed plane, circular configuration, loop, etc. In a pre-

ferred embodiment the heating element means com-

prises a molybdenum strip although a plurality of mo-
lybdenum sections, which are secured to one another to
make up a continuous sectionalized strip could be used.
When such a strip conducts electrical current there is
heat generated (I2R) and such heated strips are the
source of heat for the hot zone chamber of a vacuum
furnace. There are a number of such continuous strips
which make up the overall heating element means for a
hot zone chamber. The continuous strips, or heating
elements, each has first and second terminal means se-
cured thereto at respectively first and second different
locations, so that between said first and second termi-
nals there exist two separated electrical current paths,
or a bifurcated path. The first and second terminals are
adapted to be connected to an electrical current power
source or in series, whereby when electrical current is
provided by an electrical current supply source, the
current divides as it passes through the bifurcated path
(and heat 1s generated around the entire closed panel)
and said current is joined at the second terminal to be
returned to the electrical current supply.

2 Claims, 6 Drawing Figures
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HEATING ELEMENT ARRANGEMENT FOR A
VACUUM FURNACE

BACKGROUND

The passing of electrical current through molybde-
num strips to provide a source of heat for a vacuum
furnace 1s well understood and commonly used. How-
ever, In the prior art, the heating element is formed into
a configuration which resembles the profile of an elec-
tric light bulb, that 1s the strip is not closed at the bot-
. tom of 1ts loop or bulbous section but instead has two
unconnected ends which are formed into a neck like
protrusion from the opening of the bulbous section. The
two unconnected ends serve as terminals which are
connected to an electrical current supply so that electri-
cal current passes through one terminal, through the
open loop and 1s returned through the other terminal to
the electrical current supply souice. Such a configura-
tion gives rise to a “‘cold spot” in the area where the two
unconnected ends join the open loop because the loop
per se 1s not radiating heat toward the load at the cold
spot area while the workpiece is radiating heat toward
the cold spot area. To say it another way, the open
section of the loop acts as a heat sink. The workpiece
and the heating element both reflect and radiate heat
toward the open section of the heating element, i.e.
between the unconnected ends because there is a tem-
perature differential between the hot zone encompassed
by the open ioop portion of the heating element and the
open section of the heating element. The “cold spot”
causes nonuniform heating of the workpiece and this
can be undesirabie for at least two reasons. First the loss
of heat which should be acting on a portion of the work-
piece causes it to be improperly *heat treated.” For
instance 1f there were a tray of pieces to be sintered as
the workpiece, there would result a number of pieces
that were not properly sintered. In the prior art such an
infirmity 1s dealt with by increasing the heat beyond the
point necessary to accomplish the heat treating process
and such a procedure is critical because increased heat
oiten damages the workpiece. The present invention
provides a heating element which eliminates the “cold
spot” and the problems arising therewith.

SUMMARY

The present invention deals with the elimination of
the “cold spot™ that is present in prior art heating ele-
ments which are used in a hot zone chamber in a vac-
uum furnace. The present invention employs a continu-
ous heating element. In a preferred embodiment the
heating element is fabricated from a strip of molybde-
num although a plurality of molybdenum segments
which are connected together end to end to form a
closed plane, i.e., a circular configuration, a rectangie or
the hike could be used. In a preferred embodiment, on
the closed plane heating element there are fashioned
two terminals to which electrical power cables are fas-
tened. In another embodiment, the terminals are on
adjacent elements and the elements are comnnected in
sertes. The terminals are disposed, or lie, on substan-
tially opposite sides of the circular configuration thus
creating a bifurcated path between the two terminals.
Hence when electrical current is transmitted to one
terminal, the electrical current divides with part going
down a path (i.e., a first section of the heating element)
from one terminal to the other and the remainder of the
electrical current passes along a second path (i.e., a
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second section of the heating element) from one termi-
nal to the other. In this way the area surrounded by the
closed plane heating element is heated uniformly. There
are no cold spots. In a preferred embodiment there is
more than one heating element, (i.e., more than one
closed plane structure) making up the overall heating
device for the hot zone chamber. In one configuration
the heating elements are connected in parallel, while in
another configuration the heating elements are con-
nected such that one element is in series with two of the
other elements, the latter two elements being connected
in parallel. The heating element in the preferred em-
bodiment 1s made from molybdenum but other materials
which heat up when electrical current passes there-
through could be used provided they can be heated to
3,000° F. without deterioration.

The objects and features of the present invention will
be better understood 1n view of the following descrip-
tion taken in conjunction with the drawings wherein:

FI1G. 1A shows a pictorial schematic of a prior art
heating device composed of three heating elements;

FIG. 1B 1s an end view of the device shown in FIG.
1A;

FI1G. 2A shows a heating device, in accordance with
the present invention, made up of three heating ele-
ments connected in parallel;

FIG. 2B shows an end view of the structure of 2A:

FI1G. 3 shows a three heating element heating device,
in accordance with the present invention, wherein the
power 1s three phase power; and

FIG. 4 depicts two heating elements connected in
series. |

Consider FIGS. 1A and 1B. In FIG. 1A there is
shown a source of power 11 which i1s connected to three
heating elements 13, 15 and 17. The heating elements 13,
15 and 17, as shown in FIGS. 1A and 1B, represent the
arrangement of the prior art. As can be seen in FIG. 1A,
the heating elements 13, 15 and 17 are connected in
parallel to two common connections 19 and 21 which
are In turn connected to the two cables 23 and 25. The
cables 23 and 25 are connected to the source of power
11. Hence when electrical current is passed to the heat-
ing elements 13, 15 and 17 to cause those heating ele-
ments to “heat up,” the current passes along the cable
23, through the common connection 19, through each
of the heating elements 13, 15 and 17, back to the com-
mon connection 21, back along the cable 25 to the
source of power 11. The heating elements 13, 15 and 17
radiate heat into the space within the heating elements
and this can be best seen in FIG. 1B. In FIG. 1B there
1s shown a workpiece 27 which is located within the
heating element 13 and while the heating elements 15
and 17 are not readily shown in FIG. 1B, it should be
understood that the workpiece extends into the drawing
and therefore 1s within the space defined by the heating
elements 15 and 17. The heating elements are made of
material, such as molybdenum, which heats up when
electrical current passes therethrough and hence the
heating elements radiate heat toward the workpiece 27.
When a heating element in the prior art is used, it is used
or located within a heat insulated chamber. Accord-
ingly the heat 1s contained within the chamber and the
heat continues to ‘“‘heat treat” the workpiece such as
workpilece 27. However in the prior art configuration,
shown by FIGS. 1A and 1B there is no heat radiated
from the gap 29. In point of fact the difference in tem-
perature between the gap 29 and the remainder of the
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space located within the heating elements 13, 15 and 17
is such that heat from the heating element moves
toward the gap 29 and in effect the gap 29 acts as a heat
sink. In addition the workpiece which gets heated up
also radiates heat and that heat is radiated in great mea-
sure toward the cold spot represented by the gap 29.
The effect of the cold spot 29, or the heat sink, causes a
portion of the workpiece 27 to be nonuniformally
heated. To say it another way the section of the work-

piece lying opposite the gap 29 does not get heated to
the extent that the remaining part of the workpiece gets
heated. In some forms of heat treating, for instance

sintering, it has been found that the workpieces are not
properly sintered at the position lying opposite the cold
spot. In order to overcome this problem, in the prior
art, excessive heat has been generated by the heating
element. While this technique may often provide suffi-
cient heat to properly heat treat all portions of the
workpiece, it is a waste of energy and secondly very
often the excess of heat does damage to other sections of
the workpiece. The present invention is designed to
eliminate the cold spot.

Consider the FIGS. 2A and 2B. In FIGS. 2A and 2B
there is shown a source of power 31. Connected to the
source of power are two cables 33 and 35. The cables 33
and 35 are connected to two common connections or
common terminals 37 and 39. Connected to the two
common terminals 37 and 39 are three heating elements
41, 43 and 45. It should be noted that the common con-
nections 37 and 39 are connected on opposite sides of
the heating elements 41, 43 and 45 so that between the
common connections 37 and 39 there is a bifurcated
path or three bifurcated paths if the elements are
thought of as individual paths. In the prior art the leads
23 and 24 were located in close proximity at the place
that they were taken out of the vacuum furnace, while
in accordance with the present invention the leads are
located at remote places where they are taken out of the
vacuum furnace. In accordance with the arrangement
shown in FIGS. 2A and 2B, when the heating elements
are to be “heated up” electrical current is passed along
the line 33, along the common terminal 37, and part of
that current passes to the left along the sections 47, 49
and 51 to the common terminal 39 and therealong
through the cable 35 back to the power source 31. The
other portion of the electrical current passes through
the other sections 53, 55 and 57 of the bifurcated path to
the common terminal 39 and therefrom along the cable
35 to the source of power 31. Hence the current divides
as it leaves the common terminal 37 and passes through
the bifurcated path and joins, or is accumulated, at the
commeon terminal 39 to be returned along the cable 38.
In a preferred embodiment the ohmic value of the two
sections of the bifurcated path are substantially equal.

The relationship of the workpiece 59 to the heating
element 41 and hence to the heating elements 43 and 435
can be gleaned from an examination of FI(G. 2B. In
FIG. 2B the workpiece 59 is shown in the space defined
by the closed plane of the heating element 41. As the
heating element 41 (and of course the heating elements
43 and 45) is heated by the electrical current passing
therethrough as described above, that heat 1s radiated
toward the workpiece 59 and properly heat treats that
workpiece. As can be seen from the examination of
FIGS. 2A and 2B there is no cold spot, i.e., no gap, In
the heating element and therefore there is no heat sink
effect with respect to the heat generated by the heating
element. To say it another way, the heat that 1s gener-
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ated by the heating element is transmitted to the work-
piece 59 to properly heat treat the workpiece. Accord-
ingly there is no wasted energy as there is in the prior
art hot zone arrangement and there 1S no necessity to
overheat with the risk of damage in order to compen-
sate for the heat loss to the cold spot as is true in the
prior art.

In FIG. 3 there is shown an arrangement of the heat-
ing elements when the system is used with a three phase

power supply. In FIG. 3 there is shown a three phase
source of power 61. The three phase source of power 61
is connected through the cables 63, 65 and 67 to the

closed plane heating elements 69, 71 and 73. The heat-
ing elements 69, 71 and 73 are common connected by
the common connection 75 as shown in FIG. 3. Ac-
cordingly, when the three phase power is transmitting
current into the system and line 63 is at the high poten-
tial value, current will flow through the line 63 through
bifurcated path set up by the heating element 69 to the
common connection 75 and therefrom through the par-
allel paths of the heating elements 71 and 73 back to the
lines 65 and 67 to the three phase power source 61. As
the power source shifts its voltage 120°, the line 65 will
become the high voltage line providing current on the
line 65, through the bifurcated path 71 to the common
connection 75, and thereafter through the parallel paths
represented by the heating element 69 and 73 along the
lines 63 and 67 to the three phase power source 61. It
should be recognized that when the current is passing
through the parallel paths such as heating elements 69
and 73 that the current is passing through both halves of
each heating element and therefore at all times all three
heating elements are radiating heat (from bifurcated
paths) to the workpiece that is held in the center of the
space defined by those heating elements. It can readily
be seen that in the configuration of the heating elements
in FIG. 3 there is no gap, hence there 1s no cold spot and
the workpiece is fully heat treated without the infirmi-
ties that arise in connection with the prior art.

In FIG. 4 another embodiment is shown. In the ar-
rangement of FIG. 4, there is a power source 79 con-
nected to two heating elements, 81 and 83. It should be
noted that the heating elements 81 and 83 are common
connected by the strap 85. Electrical current passes
from the power source 79, along the wire 80, through
the bifurcated path of the heating element 81, along the
strap 85, through the bifurcated path 83, to the return
line 82. In this arrangement there is no “cold spot.”
Additional heating elements can be added by series

connecting adjacent heating elements as they are added

to the stack.

It has been found that by employing the complete
heating element arrangement as shown in FIGS. 2A,
2B, 3 and FIG. 4 that the workpiece 1s better “heat
treated” than has been true in the prior art. It has been
further found that the workpiece can be much larger
because there is no need to compensate for nonuniform-
ity as there is in the prior art. In addition the heating
element can be made larger, so as to substantially fill the
hot zone chamber spaces. It has further been found that
the only problem involved (with respect to the struc-
ture of FIGS. 2A, 2B and 3) is in arranging for the
power cable to go out on opposite sides of the vacuum
furnace and this is easily accomplished. Hengce the in-
ventive arrangement of heating elements shown n
FIGS. 2A, 2B, 3 and FIG. 4 i1s a decided improvement
over the prior art arrangement of heating zlements as
shown in FIGS. 1A and 1B.
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I claim: |

1. A heating means for use in a hot zone chamber of
a vacuum furnace comprising in combination: at least
first and second heating elements formed of material
that generates heat in response to electrical current
passing therethrough and formed in a closed plane so
that when said elements are generating heat there are no
cold spots; at least first and second terminal means re-
spectively secured to said first and second heating ele-
ments; electrical current path means connecting said
first and second heating elements at respective locations
thereof which respectively lie substantially opposite
sald first and second terminals so that there is a serial
ohmic connection between said first and second termi-
nals, which serial ohmic connection 1s bifurcated
through said first and second heating elements; and
electrical current supply means to supply electrical
current to said first and second terminals so that electri-
cal current, because of said series connection, passes
through said first terminal, becomes divided as it passes
through the bifurcated path defined by said first heating
element to said electrical current path means, passes
through said electrical current path means to be divided
along the bitfurcated path defined by said second heating
element to said second terminal to be returned to said
electrical current supply means, whereby said first and
second heating elements present a high impedance and
become heated completely without leaving a cold spot.

2. A heating means for use in a hot zone chamber of
a vacuum furnace comprising in combination: first,
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second and third heating elements, each formed of ma-
terial that generates heat 1n response to electrical cur-
rent passing therethrough and each formed in a closed
plane so that when said elements are generating heat
there are no cold spots; first, second and third terminal
means respectively secured to said first, second and
third heating elements; electrical current path means
connecting said first, second and third heating elements
at respective locations thereof which respectively lie
substantially opposite said first, second and third termi-
nals so that, (1) there 1s a first serial ochmic connection
between said first and second terminals, which first
serial ohmic connection is bifurcated through said first
and second heating elements, (2) there is a second serial
ohmic connection, between said first and third termi-
nals, which second serial ohmic connection is bifur-
cated through said first and third heating elements, (3)
there 1s a third serial ohmic connection between said
second and third terminals which third serial ohmic
connection is bifurcated through said second and third
heating elements; and three phase electrical current
supply means to supply three phase electrical current to
said first, second and third termuinals so that electrical
current, in a three phase pattern and 1n series connec-
tion, passes through each of said terminals to each of the
other terminals, whereby said first, second and third
heating elements present a high impedance and each

becomes heated completely without leaving a cold spot.
* ¥ * ¥ %
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