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My invention relates to electric furnaces, more 
particularly to high temperature resistor heated 
furnaces utilizing a resistor having a high tem 
perature coefficient of resistivity in good heat 
dissipating relation with the charge and in which 
a portion only of the resistor is cooled upon the 
insertion of a cold charge or movement of the 
charge along the heating chamber, and has for 
its object simple and reliable electric power sup 
ply connections for maintaining a predetermined 
voltage on each portion of the resistor irrespec 
tive of changes in its temperature and resistance 
whereby the furnace is self-regulating to increase 
the heai generation in the cooled portion for rapid 
reheating and to prevent destructive overheating 
of one or more uncooled portions of the resistor. 

In the operation of continuous resistor heated 
furnaces at high temperatures, i.e., at a tempera 
ture of substantially 2100 degrees F. or higher, 
obtained by means of a resistor made of molyb 
denum and with the convenitional connection of 
the resistor across a supply source, I have found 
that the portion of the resistor most remote from 
the incoming charge deteriorates rapidly from 
overheating with resulting failure of the resistor 
even though the remaining portion of the resistor 
shows no evidence of overheating. As a conse 
quence, the operation of such a furnace is accom 
panied by frequent failure of the heating resistor 
Or resistors with shut-down of the furnace for re 
pairs. 
This failure of the resistor in such high tem 

perature furnaces is caused, I have found, by 
voltage unbalance, i. e., unequal voltages applied 
to the various portions, which voltage unbalance 
is in turn caused by the cooling of a portion 
only of the resistor by the incoming charge, 
whereby the resistance of that portion is greatly 
decreased. As a result, the total resistance of the 
heater is decreased and the current flow in the 
resistor increased, whereby an increased voltage 
is applied to the hot portion and a decreased volt 
age to the cooled portion. The hot portion thus 
heats to a still higher temperature at which 
deterioration occurs. An indication of the mag 
nitude of this effect is given by the effect of tem 
perature on the resistance of molybdenum which, 
at an operating temperature of 2400 degrees F. 
may be ten or more times its value at an ambient 
temperature of 70 degrees F. 

In carrying out my invention I provide power 
supply connections for maintaining predeter 
nined voltages which connections I connect to the 
resistor in conformality with the decrease in re 
sistance along its length resulting from cooling 
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by the incoming charge in such a manner that 
the portion, or portions, subject to substantial 
change in resistance are each supplied at all times 
with a predetermined voltage. This results in an 
increased current in the portion whose resistance 
is decreased but this has the desirable effect of 
rapidly increasing the temperature of that por 
tion. The portion of the resistor whose resistance 
is not substantially decreased continues to oper 
ate at the operating temperature without increase 
in temperature so that no overheating occurs. 

In one form of my invention I supply current 
to the resistor by means of a transformer having 
its secondary terminals connected to the terminals 
of the resistor and provided with one or more in 
termediate voltage taps which are connected to 
corresponding voltage points of the resistor. 

In accordance with a modified form of my in 
vention I use a low voltage high current trans 
former secondary winding to which are connected 
the various portions of the resistor in parallel 
with each other. 

For a more complete understanding of my in 
vention reference should be had to the accom 
panying drawing, Fig. 1 of which is a side eleva 
tion view partly in Section of a continuous re 
sistor furnace embodying my invention; Fig. 2 is . 
a sectional view taken along the line 2-2 of Fig. 
1 looking in the direction of the arrows; Fig. 3 is 
a diagram of connections of a plurality of heating 
resistors mounted on the roof of the heating 
chamber; Fig. 4 is a diagram of connections for 
the plurality of resistors mounted at the bottom 
of the heating chamber; while Fig. 5 shows a 
modified form of my invention. 
Referring to the drawing, I have shown my 

invention in One form as applied to an elongated 
intermittent type continuous furnace in which 
the charge or articles to be heated are placed in 
suitable rectangular containers or boxes , which 
are introduced at predetermined intervals into the 
charging end whereby the whole series of boxes 
are moved through the furnace and the leading: 
one ejected from the furnace. The furnace con 
prises suitable top, bottom and side walls of heat 
refractory material as shown in Fig. 1 forming 
an elongated heating chamber 2, the walls being 
enclosed in a suitable metal casing 3 and Sup 
ported on I-beam posts 4. At the lefthand, or 
charging, end of the furnace is a relatively short 
preheating chamber 5 closed by a door 8 which 
may be moved upward to open the furnace and 
permit a hydraulic pusher device 7 to push a box 

containing cold articles into the preheating 
chamber 5. When charge box is pushed into 
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the chamber the whole series of boxes extending 
through the heating chamber are pushed along, 
the foremost one being pushed out at the right 
hand discharge end of the furnace. On the right 
hand end is a cooling chamber 8, not shown in 
detail. The enclosing metal casing for the heat 
ing chamber and the preheating and cooling 
chambers is gas-tight and suitable reducing gas, 
such as hydrogen, is maintained in these cham 
bers to prevent oxidation of the charge and heat 
ing resistance. 
The furnace is heated by means of a plurality 

of heating resistors made of molybdenum Sus 
pended from the roof of the heating chamber and 
mounted below the heat refractory hearth plates 
9 on which the boxes rest. A Series of four 
heating resistors ), , 2 and 3 are hung from 
the roof, these resistors being disposed in the 
order mentioned along the length of the heating 
chamber in closely spaced relation. These re 
sistors are supplied with power from separate 
transformers 4, 5, 6 and connected to a 
suitable alternating source of supply 8. They 
are separately controlled independently of each 
other by means of saturable core reactors 9, 20, 
2 and 22 provided with direct current saturating 
coils, not shown, and control mechanism. Such as 
described and claimed in United States Patent 
No. 2,266,569, dated December 16, 1941 to Elbert 
D. Schneider and August R. Ryan. 
As shown in Figs. 1 and 2, the resistor 

comprises a plurality of series connected spaced 
parallel lengths extending back and forth cross 
wise of the heating chamber, each length con 
sisting of a plurality of Vertically extending loops 
which are mounted on heat refractory metal pin. 
supports 23, the upper ends of which are secured 
in the roof Wall 24 of the heating chamber. The 
remaining roof heating resistors , 2 and 3 
are similar in construction to the resistor 0 but 
may have different resistances and rates of heat 
generation in conformity with the heat require 
ments along the length of the heating chamber. 

In accordance with my invention I provide one 
or more intermediate electric connections be 
tween each heating resistor and the transformer 
secondary supplying power to it whereby pre 
determined voltages are supplied to the various 
portions of each resistor. The resistor 0, for 
example, is provided with an electric conductor 
25 extending from a midpoint 26 on the resistor 
to a midpoint 27 on the secondary Winding of the 
transformer 4 to the relatively high voltage 
terminals of which winding the two end ter 
minals of the resistor 10 are connected. This 
assures that, regardless of the resistance at any 
particular time of the two half portions of the 
resistor 0 on opposite sides of the point 26, pre 
determined voltages are applied to these portions. 
I have found that each time a cold charge box 

is introduced into the furnace, the relatively cold 
box and charge moved underneath the lefthand 
portion of the resistor O very substantially cools 
that portion of the resistor whereby its resistance 
is reduced substantially. In a typical furnace I 
found that the resistance of the lefthand resist0r 
portion nearer the cold charge may be reduced 
as much as fifty per cent by reason of the cooling 
of that portion by the cold charge whereby the 
total resistance of the resistor would be reduced 
twenty-five percent. Assuming that the inter 
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mediate connection 25 is not provided, the current 
through the entire resistor would in such case 
increase thirty-three and one-third percent with 
33.4 per cent of the total voltage across the left 75 

4. 
hand half and 66.6 per cent across the righthand 
half of the resistor. This increased current in the 
hot righthand portion of the resistor would result 
in an increased power generation in that portion 
of 77 per cent whereby this portion would be 
heated to a still higher temperature, at which 
rapid deterioration takes place. On the other 
hand, the heat generated in the lefthand cooled 
portion would be reduced somewhat because of 
the great reduction in its resistance. 
By means of the intermediate connection 25, 

however, maintain a predetermined voltage 
across the two portions of the resistor even though 
the resistance of the lefthand portion is reduced 
fifty per cent as assumed above. As a result, the 
current in the lefthand portion whose resistance 
was reduced fifty per cent would be doubled and 
its power input doubled. However, this does not 
result in overheating of the resistor because it is 
at a reduced temperature, but has the desirable 
effect of bringing the resistor portion more quick 
ly up to its normal operating temperature with 
increase in resistance and reduction of power 
input to the normal value. Under the conditions 
assumed, i. e., with the middle or intermediate 
connection on the resistor, the righthand portion 
operates substantially as before the introduction 
of the cold charge. 

It will be understood that the conditions as 
Sunned above are somewhat arbitrary in view of 
the fact that actually the cooling of the resistor 
O would be graduated along its length with the 

greatest cooling obviously at the end adjacent 
the cold charge and with comparatively little 
cooling at the opposite end. The length of the 
resistor, i. e. lengthwise region of the heating 
chamber over which the resistor extends, is there 
fore selected in conformity with the correspond 
ing dimension of the cold charge or box in such 
manner that the lefthand portion of the resisitor 
extends over the region of pronounced cooling 
effect from the cold charge. It will be observed, 
for example, that the resistor iO extends over a 
lengthwise region of the heating chamber sub 
stantially coextensive with the six charge boxes 
just below it. 
The resistors and 2 are likewise each cooled 

substantially at their lefthand ends as the charge 
boxes are advanced in the furnace, and the right 
hand end of the resistor 3 may be cooled sub 
stantially by its proximity with the end Wall of 
the furnace. Consequently, I preferably provide 
one or more intermediate electric connections on 
these resistors. As shown in Fig. 3, the resistors 
f and 3 have one central connection, while the 
resistor 12 is provided with two intermediate con 
nections with its secondary winding 28 and 29. 
These connections 28 and 29 are preferably made 
at equally spaced points along the resistor so as 
to divide the resistor into three Sections having 
equal resistances when they are at the same 
temperature. The connections 28 and 29 lead to 
points on the secondary winding, dividing it into 
three equal voltages. 

It will be understood that the resistor intera 
mediate connections are made at points suitably 
dividing the resistor into Sections for the applican 
tion of predetermined corresponding voltages 
from the transformer. In other words, the sec 
tions may have different resistances in which case 
proportionate transformer voltages are applied, 
these voltages being the voltages applied to the 
resistor sections under uniform or other prede 
termined temperature conditions in the resistor. 
A series of heating resistances are also pro 
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vided in the bottom of the heating chamber be 
low the hearth plates 9, four such botton heat 
ing resistances 30, 3 , 32 and 33 (Fig. 4) being ar 
ranged lengthwise of the furnace from left to 
right in the order mentioned, and each being 
connected to a separate transformer secondary as 
shown. The resistor 30 and, likewise, resistors 
3, 32 and 33, are similar in construction to the 
resistor O in that they are provided with a plu 
rality of lengths extending back and forth acroSS 
the heating chamber, each length consisting of 
a plurality of vertical loops. Instead of being 
Supported on pins, however, the loops of these re 
sistors are supported on heat refractory hooks or 
pegs 34 projecting from opposite sides of heat 
refractory walls 35 on which the hearth plates 
9 are supported. The bottom resistors, however, 
are in more intinate thermal relation with the 
charge boxes than the top resistors and, Con 
sequently, are cooled to a greater extent upon the 

Consequently, as . advance of each charge box. 
shown the resistor 30 is shorter than the resistor 
f0, extending Over Somewhat more than five 
charge boxes, and it is provided with two equally 
spaced intermediate power supply connections 36 
and 37. Likewise, the resistor 3. is provided 
With two internediate connections, while the 
resistor 32 is provided with three intermediate 
connections and the Shorter end resistor 33 pro 
vided with only one. 
In a typical furnace embodying my invention 

the heating resistor Was made from a molybde 
num round Wire one-fourth inch in diameter. 
Terminal conductors are provided for each resis 
tol, Which conductors extend through the Wall of : 
the furnace and through packing boxes to Seal 
the furnace, the terminals for the roof heating 
resistors extending upward through the roof of 
the furnace, while the terminals for the bottom 
heating resistors extend downward through the 
bottom wall Of the furnace. The resistor í 0 aS 
shown has three terminal conductors 38, 39 and 
40 which extend upward through the roof wall of 
the furnace and out through the packing boxes 
4, 42 and 43. It will be understood that the 
terminals for the other heating resistors extend 
out through adjacent packing boxes which are 
indicated on Fig. 1 of the drawing. 
My invention has application generally in con 

tinuous type furnaces including those utilizing a 
conveyor for moving a series of charges through 
the heating chamber which may be circular in 
form. It is also useful in continuous furnaces in 
Which a Series of charges on a conveyor are moved 
continuously through the heating chamber or a 
length of material such as strip steel is moved 
continuously through the heating chamber. It 
Will be understood that when the charges are 
thus paSSed continuously through the heating 
chamber a portion of the heating resistor is 
cooled continuously and, therefore, operates at 
Some lower temperature with increased power in 
put resulting from its decreased resistance. 
Moreover, the cooling of a portion of the resistor 
may be caused by its location transversely of the 
heating chamber. For example, top and bottom 
heating resistors may be connected in series with 
each other with an intermediate tap connection 
to maintain uniform Voltages by reason of the 
greater cooling of One resistor, Such as the bot 
ton resistor, by the charge. 
My invention is useful generally in furnaces us 

ing a heating resistor having a high temperature 
coefficient of resistivity and in which a portion 
of the resistor, which would otherwise operate at 
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a uniform temperature, is cooled by the dissfpa 
tion of heat to the charge or to the furnace wall 
irrespective of whether the furnace is of a cons 
tinuous type. For example, in furnaces for forg 
ing or hardening purposes, such as disclosed in 
U. S. Patent No. 1,696,728 to Otis et al., dated 
December 25, 1928, wherein a plurality of open 
ings are provided through each of which the 
charge is inserted and removed at different times, 
the insertion of a cold charge through one open 
ing nay Substantially cool the adjacent resistor 
portion SO as to cause an unbalanced Voltage con 
dition. 

Moreover, in furnaces of the type in which the 
entire charge for the furnace is inserted at one 
time, the charge may have a non-uniform shape 
and size so that the portion of the charge adja 
cent one portion of the heating resistor has much 
greater mass than the portion of the charge ada 
jacent another portion of the resistor with the 
result that the first resistor portion is cooled 
very substantially with resulting voltage unbal 
alCe, 

In Fig. 5 of the drawing I have shown a modi 
fied form of my invention utilizing a single trans 
former Secondary winding 44 which is connected 
to supply current to the portions of the resistor 
65, the portions being connected in parallel re 
lation with each other. As shown, the resistor is 
provided with two intermediate tap connections 
46 and 4 whereby the resistor is divided into 
three portions preferably of equal resistance, al 
though the resistances of the portions may be 
unequal. As shown, the upper terminal of the 
secondary winding 44 is connected to the left 
hand terminal of the resistor 45 and to the in 
termediate point 47, while the lower terminal of 
the secondary Winding is connected to the right 
hand terminal of the resistor and to the inter 
mediate point 46. This arrangement requires a . 
transformer Secondary Winding of lower Voltage 
and higher current carrying capacity than the 
arrangement of Figs. to 4 in which a higher 
Voltage secondary Winding is provided with One 
or more intermediate taps. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
l. A Self-regulating high temperature electric 

furnace Comprising walls forming a heating 
chamber, a heating resistor in said chamber pro 
Vided With end terminals and having a length 
Substantially greater than the length of a charge 
of material to be heated, Supporting means 
Imounting said resistor in said chamber in good 
heat dissipating relation With the charge in said 
chamber, means for introducing a relatively cold 
charge into said chamber adjacent an end por 
tion of Said resistor between one end terminal of 
Said resistor aid an intermediate point of said 
resistOr whereby Said end portion is cooled sub 
Stantially by the cold charge, said resistor being 
made of a material having a high positive tem 
perature coefficient of resistivity so that when 
said end resistor portion is cooled by a cold charge 
its resistance decreases substantially, a trans 
former provided With relatively high voltage ter 
minal Connections, electric connections connect 
ing Said terminals of said transformer to said end 
terminals of said resistor for Supplying current to 
Said resistor whereby a predetermined low volt 
age is applied to said end portion, and an electric 
connection between said intermediate point of 
said resistor and an intermediate point of said 
transformer for maintaining said predetermined 
low voltage on Said end portion of Said resistor 



2.465,18? 

thereby to supply an increased current to said 
end portion when its resistance is decreased by 
cooling by a cold charge and effect an increased 
generation of heat in said end portion without 
substantial increase in the current in the remain 
ing portion of said resistor. 

2. A self-regulating high temperature electric 
furnace comprising walls forming a heating 
chamber, means for conveying charges of ma 
terial to be heated through said chamber, a heatre 
ing resistor in said chamber provided with endi 
terminals and extending along said chamber in 
the direction of movement of the charges and 
having a length in said direction substantially 
greater than the length of a single charge, Sup 

8 
intermediate tap connection on said transformer 
having a voltage substantially the same as the 
voltage of said intermediate point of said resistor 

, under predetermined temperature conditions in 
said resistor, an electric connection between said 
intermediate point of said resistor and said tap 
connection for maintaining said predetermined 
low voltage on Said end portion of said resisto 
thereby to supply an increased current to said end 
portion when its resistance is decreased by cool 
ing by a cold charge and effect an increased gen 
eration of heat in said end portion without Sub 
stantial increase in the current in the remaining 
portion of said resistor. 

?? ROBEERTED). VAN NOREDSTRAND. 

porting means mounting said resistor in said 
chamber in good heat dissipating relation. With 
the charges in said chamber, means for intro 
ducing a relatively cold charge into one end of 
said chamber adjacent an end portion of said re 
sistor between one end terminal of said resistor 
and an intermediate point of said resistor where 
by said end portion is cooled substantially by the 
Cold charge, said resistor being made of a metal 
having a high positive temperature coefficient of 
resistivity so that when said end resistor portion 
is cooled by a cold charge its resistance decreases 
substantially, a transformer provided with rela 
tively high voltage terminal connections, electric 
connections connecting said terminals of said 
transformer to said end terminals of said resistor 
for Supplying current to said resistor whereby a 
predetermined low voltage is applied to said end 
portion when the temperature of said resistor is 
Substantially uniform throughout its length, an 
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