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Geege L. Simpson, Cofisopotis, Pa., assiggao go 
Pittsburgh Research Corporation, Pittsburgh, 
EPs 

Applicatio2a Elecerate 22, 1935, Serial No. 580,639 
14 Clains. (C. 13-20) 

My invention relates to improvegnents in elec 
tric heating furnaces and more particularly tes 
improved means for heating such furnaces. 

Heat is transferred by radiation, conduction 
and convection. Heretofore in the operation of 
this type of furnace it has been the practice to 
depend almost entirely upon radiation for the 
transfer of heat energy from the heating ele 
ments in the furnace to the charge. Convection 
and conduction therefore play only a negligible 
part in the electric heating furnace designs here 
tofore employed. 

in the usual type of electric heating furnace, 
the heater elements do not completely cover the 
furnace walls. The average temperature of the 
combination of walls and heater elements is con 
Sequently much lower than the maximum ten 
perature of the heater elements. This is due 
to the fact that where the heater elements do 
not completely cover the walls, the walls at a 
lower temperature are shining through the heater 
elements on to the work and they lower the 
average temperature of the radiating surfaces 
which deliver heat energy to the charge. As a 
result it is necessary to heat the heating elements 
to a higher temperature than would be necessary 
if the heating element covered the entire wal 
Surface of the furnace. 

the nickel chrome alloys that are used for 
most of the commercial heating elements of the 
present time have a melting point which limits 
the safe operating temperature of these elements. 
In the usual steel heat treating practice, tempers 
atures in excess of 1800° C. were not required. 
The development in recent years, however, of the 
special alloy steels with corrosion resistant and 
heat proof properties and high silicon steels, has 
demanded higher and highe operating tempera 
tures, and furnace builders have experienced 
considerable difficulties in producing resistor 
elements that will heat a charge to 1900 or 
higher within a reasonable time without ap 
proaching the softening point of the resistor, and 
causing the failure of the heating elecent. 
An important object of my inventior, there 

fore is to provide a furnace which can be oper 
ated to produce the heat desired for present day 
heating practice without endangering the reo 
sistor element and without producing Line7en. 
heating of the furnace charge. 
Another object of my invention is to produce 

even and efficient heating of a charge in an elec 
tric heating furnace. 
A further object of my invention is to provide 

a novel resistance element for Se in electric 
heating furnaces. 
In the accompanying drawings, which for a 

part of this specification and wherein like chase 
acters of reference denote like Or Corresponding 
parts throughout the Sane, 

Figure is a vertical Sectional view of a fus's 
nace embodying one form of my invention, 

Figure 2 is a horizontal sectional view thereof, 
Figure 3 is a detail elevation of another form 

of resistor element, 
Figure A is a similar view of a further for a 

of resistor element, 
Figure 5 is an elevation of still another for 

of resisto, 
Figure 6 is an edge elevation thereof, 
Figure 7 is a vertical sectional view of another 

furnace embodying my invention, 
Figure 8 is an elevation of the resistor element 

used therei, 
Figure 9 is an elevation thereof, parts being 

shown in Section, 
Figure 10 is a detail of a resistor element sini 

lar to that shown in Figures, 3 and 9 out having 
strengthening ribs thereon. 

Figure i is a transverse sectional view thereof, 
Figure 12 is a vertical sectional view of still 

another form of furnace, 
Figure i3 is a horizontai sectional view thereof, 
Figure 4 is a fragmentary sectional view show 

ing a furnace having a further modified resistor 
element therein, and, 

Figure 15 is a fragmentary elevation of the re 
sistor element used thereira. 

in the drawings, wherein for the purpose of ii 
lustration is shown a, preferred embodiment of 
my invention, the numeral 16 designates a heat 
ing furnace hood arranged about a base 17 and 
having a removaoie roof 18. The base i7 prefer 
ably extends into the hood as shown, and in place 
of the usual heater elements arranged on the 
walls of the furnace hood, provide a resistance 
element comprising a flat plate 19 having a height 
substantially equal to the height of the walls of 
the furnace hood. The plate 9 extends around 
the interior of the furnace hood in Spaced paral 
lel relation to the walls thereof as seer in Fig 
tres 1 and 2, and raay be supported in any Con 
venient; manner from the bottom, sides or top. 
I have shown the plate as being Supported from 
the removable roof 8 by means of the terminal 
posts 20 but it will be understood that any other 
suitable supporting means may be employed. 

It will be seen that the charge arranged on 
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the base 17 will receive radiation from the inner 
side of the plate 19 which substantially corre 
Sponds in size to the furnace walls. In addition 
to being heated by radiation, the charge will be 
Subjected to heat by convection, due to the spac 
ing of the resistance plate from the furnace walls 
which reflect the heat from the outer face of the 
plate 19 to the charge. This natural convection 
effectively utilizes all of the heat from the plate 
19 and dispenses with the necessity for heating 
the plate to a much greater temperature than 
that to which the charge is to be subjected. 
In Figure 3, the resistor 21, instead of being 

an unbroken plate as in Figure 1, is slit at 22 
alternately from the top and bottom of the plate 
to form a series of U-shaped portions connected 
at their upper ends and with their arms arranged 
very close together. This form of resistor is bet 
ter suited to high voltages and low current, in line with present day practice. By slitting the 
plate as shown, the theoretical radiating surface 
is slightly reduced but a sufficiently low resistance 
is maintained in the heating element to permit 
of higher voltages than required by the unbroken 
resistor. plate. 
Due to convection and re-radiation from the 

roof of the furnace, and other factors, the top 
portion of a vertically arranged heater element 
tends to run hotter than the lower portion. This 
situation is undesirable on account of the unequal 
temperatures delivered to the charge. This diffi 
culty may be remedied by constructing the re 
sistance element as shown in Figures 4, 5, 6, 8 
and 9. in the form of the invention shown in 
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Figure 4, the resistor plate 23 is cut-away to pro 
duce a resistor which has a larger surface at its 
upper end than at its lower end. This result is 
accomplished by providing lower slits 24 which in-, 
crease in size as they approach the bottom of 
the plate and upper slits 25 which decrease in 
size as they approach the top of the plate. As the 
lower portion of the resistor plate has a smaller 
Surface than the upper portion, it will consequent 
ly have a higher resistance, and will liberate more 
heat energy than the upper portion of the plate, 
thereby counteracting the tendency of the upper 
portion of the plate to be heated to a higher tem 
perature than the rest of the plate. 

In the form of resistor shown in Figures 5 and 
6 the same result is obtained by forming the re 
sistor from a plate 26 which has been rolled or 
cast thicker at its top than at its bottom and 
gradually decreasing in thickness towards its low 
er end. The lower end having a smaller cross 
section offers more resistance to the current and 
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produces greater heat than the thicker upper por 
tion of the resistor, thereby counterbalancing the 
other factors tending to overheat the upper por 
tion of the resistor plate. 

In Figures 8 and 9 I have shown a resistor ele 
ment 27 slit similarly to the plate of Figure 3 
but having its upper unslit portion 28 bent in 
wardly at an angle to form a radiating fin for 
providing greater cooling at the upper portion 
of the resistor as well as reducing the electrical 
resistance in the top portion of the plate with a 
resulting reduction in the rate of heat liberation 
at this point. 

In Figure 7 I have shown a furnace 29 which 
is preferably circular, although other shapes may 
be employed, and having a removable roof 30. A 
resistance element such as that shown at 27 in 
Figures 8 and 9, is arranged in the furnace in 
spaced relation to the walls thereof, and extends 

1,975,410 
from a point adjacent the bottom shelf of the 
furnace to a point adjacent the top thereof. In 
place of relying entirely upon natural convection, 
I provide a fan 31 supported by the roof 30 
through which the fan shaft extends, which pro 
duces a forced convection by causing a circulation 
as shown by the arrows. The fan motor 32 may 
be arranged in any suitable position, such as be 
ing mounted on the top of the roof 30 and a fan 
guard 33 may be provided to protect the fan. 
It will be seen that the space between the re 
sistor plate 27 and the walls of the furnace will 
act as a chimney. The furnace atmosphere is 
forced down into this space, drawn up through the 
center of the resistor and again forced down 
through the space between the furnace walls and 
the resistor plate. With this, arrangement for 
producing forced convection, the heat transfer 
from the heater element to the furnace atmos 
phere and to the charge is greatly increased and 
consequently the resistor need not be heated to as 
high a temperature as would otherwise be re 
quired. I have found in actual practice, for ex 
ample, that in a furnace where no forced con 
vection was used, a temperature difference of ap 
proximately 100° C. existed between the resistor 
element and the charge. When, however, forced 
convection was utilized, as seen in Figure 7, the 
temperature difference between the resistor and 
the charge was reduced to 10° C. - 
The importance of this efficiency in heating is 

apparent when the demand for high tempera 
tures forces the operators to dangerously ap 
proach the point of softening and failure of the 
resistor, as in the annealing of sigh silicon steel. 
With my flat resistor plate and forced convection 
great heat liberation is effected without ap 
proaching the point of failure of the resistor. 
When heating a charge to a temperature of 1850 
C. or 1900° C. in the usual type of furnace, a gra 
dient of 100° C. to 150° C. must exist between the 
temperature of the charge and of the resistor, if 
the heating is to be accomplished within a rea 
sonable amount of time. This is due to the fact 
that radiation largely is utilized to transfer the 
heat energy in the usual furnace. By the use of 
forced convection, especially where a flat re 
sistor is used in place of the usual ribbon, the 
charge can be heated to these high temperatures 
in a short time without endangering the resistor 
element. 

It will be obvious that in place of the resistor 
plate shown in Figure 7, any of the resistors 
shown in the other views may be used in this typ 
of furnace. 

in Figures 10 and 11 the resistor plate is con 
structed similarly to that shown in Figures 7, 
8 and 9 with the addition of strengthening ribs 
35 arranged vertically of the arms of the resistor 
and pressed therein. These ribs increase the 
strength and useful life of the resistor element. 
In the furnace shown in Figures 12 and 13, the 

furnace structure comprises a furnace hood 29 
and removable roof 30 with a fan. 31, and re 
Sistor 27 all identical with or similar to the 
Structure set out in Figure . . The base 36 how 
ever is provided with horizontal bores 37 ar 
ranged above the shelf on the lower end of the 
hood 29 and communicating with a vertical bore 
38 arranged centrally of the base. This type of 
furnace is for use with a charge 39, of coils or 
other material having a central opening there 
through. The fan 31 forces the furnace atmos 
phere down through the space between the re 
sistor 27 and the hood 29, into the bores 37, up 
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through the bore 38 and through the center of the 
charge to be again forced down behind the re 
sistor plate. This construction results in a very 
rapid, even, and efficient heating of the charge. 

In place of the flat resistors shown in Figures 
to 13 nay employ a resistor such as shown in 
Figures 14 and 15. A resistor ribbon 40 is wound 
in close spirals about a relatively thin barrier such 
as a ceranic or other refractory plate 41 which 
extends around the furnace in spaced relation to 
the walls of the furnace hood. This form of re 
sistor may be used with the type of furnace in 
which a fan is used, and it may also be used 
without a fan. 
-In the types of furnaces in which natural and 

forced convection is not utilized, practically the 
only heat utilized is that radiated from those pore 
tions of the heater element facing the charge. By 
forcing the furnace atmosphere to circulate be 
tween the Walls of the furnace and the heater ele 
ment, however, bring the heat from the portion 
of the heater element facing the walls of the fur 
nace to the charge. This results in the effective 
utilization of heat usually snuffled and to 8 large 
extentiost to the charge, and thereby nearly dou 
bles the effective heating capacity of the heater 
eleinent. 
An important feature of my invention is the use 

of the fan shown at 31 in Figures 7 and 12. It 
has been proposed to use a paddle type fan with 
the blades arranged in a plane with the axis of 
the fan shaft in order to obtain peripheral dis 
charge of air from the fan. This arrangement 
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however is disadvantageous due to the shock loss 
and eddy current wastage occurring at the inlet 
of paddle or centrifugal type fans. This Wastage 
is not present in the inclined olade or propeller 
type fan disclosed in Figures and 12, but as 
heretofore used this type of fan had the disad- . 
vantage of providing axial discharge of the air 
Substantially parallel to the fan shaft. 

propose to coinoine the advantages of a pro 
peller typefan and a centrifugal fan by the pro 
vision of the guard or casing 33 shown in Figures 
and 12 which gives axia inlet and periphera 

discharge as indicated by the arrows in these 
figures. With the casing 33 therefore I am able 
to obtain all of the advantages of peripheral 
discharge of the air or, gas fros, the far to Sup 
plement the convection circulation currents and 
at the same time avoid the losses and wastage 
present in centrifugal fans. s ". . . 

in the specification and claigns have referred 
to a furnace "hood' in describing the body of the 
furnace. This term is not intended to restrict 
iny invention to the particular type of furnace 
shown in the drawirags but is intended to cover 
the body of a box type or other types of furnaces 

60 
as well as that type shown in the drawings, the 
term "hood' being used in the claims as synony 
nous with 'body'. - 
While I have shown and described the pre 

ferred embodiment of my invention, it is to be 
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understood that various changes in the size, shape 
and arrangement of parts may be resorted to 
without departing from the spirit of my invention 
or the scope of the subjoined clairs. V^ 

Having thus described my invention, what 
clair and desire to protect by Letters. Patent is: 

1. An electric furnace comprising a base, a 
furnace hood therefor, a removable roof for said 
hood, and a heating element supported by said 
roof and comprising a resistor plate extending 

75. 
around the walls of the furnace hood in spaced 
relation therewith, and extending to points ad 

gs 
5 

jacent to but spaced from the bottom of the hood 
and the furnace roof. 

2. An electric heating furnace comprising a 
furnace hood, a resistor element arranged in 
Spaced relation to the walls of the hood sind 
comprising a plate having openings therein ex 
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tending from its top and botton, the openings 
extending from the bottom of the plate being 
larger tha: the openings extending from the top 
of the plate whereby the plate has a greater sur 
face adjacent its upper end than at its lower end. 

3. An electric furnace comprising a base, a 
heating hood therefor, and a resistance element 
extending around the interior of the hood in 
Spaced relation to the walls thereof, and compris 
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9. 
ing a plate having slits extending thereinto from 
the top and bottom thereof, said slits being widest 
at their lower ends and becoming narrower as 
they approach the top of the plate, whereby the 
resistance plate has a greater surface at its up 
per end than at its lower end. 

4.- A resistance element for electric heating 
furnaces comprising a plate cutaway to form a 
Series of connected U-shaped portions, said plate 
eixng progressively thicker from its lower to its 

upper end. w 

5. An electric heating furnace comprising a 
furnace hood, a resistance element arranged 
therein and spaced from the Walls thereof, said 
resistance element comprising a plate cutaway to 
form a series of connected U-shaped portions, said 

95 

plate being progressively thicker from its lower 
end to its apper end. 
6. An electric heating furnace comprising a 

furnace hood, a resistance element arranged 
taerein and Spaced from the walls thereof, said 
resistance element comprising a plate having slits 
therein fox Aning a series of connected U-shaped 
portions, the top portions of said J-shaped por 
tions being beat over at an avage to form cooling 
fins at the top of the plate. 

d. An electric heating furnace having a resist 
ance element arranged therein and spaced from 
the Walls thereof, said element comprising a plate 
sit to for a series of connected U-shaped por 
tions, said U-shaped portions ceing bent inward 20 
ly at their apper ends, and a fan arranged above 
the resistance plate and adapted to circulate the 
furnace at nosphere around the resistance plate. 

8. An electric furnace comprising a base, a fur 
2 Aace hood arranged thereover, and being sub 
stantially circular in cross section, a resistance 
eleinent arranged concentrically within said hood 
and spaced for the walls thereof, said resistance 
elerient cOFraprising a plate extending from a 
point adjacent the cotton of the hood to a point 
adjacent its top, means to pass an electric cur 
rent through the resistance plate, and a fan ar 
Ranged to circulate the furnace atmosphere from 
the exterior of said piate to its interior. 

9. Ara electric furnace cornprising a furnace 
Cod, 8 base extending up into said hood and 

adapted to Support a charge, said base having 
openings extending therethrough, a resistance 
plate extending around said furnace hood inte 
riorly thereof and spaced from the Walls of the 
hood, and reans to circulate the furnace atmos 
phere around said resistance plate and through 
the openings in the base. 

i0. An electric furnace comprising a furnace 

25 

130 

35 

140 

45 
hood, a base extending into said hood and adapt 
ed to Support a charge having a central opening 
therethrough, a resistor plate extending around 
said furnace hood interiorly thereof and spaced 
from the walls of the hood, and means to circu 150 
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4. 
late the atmosphere from the space between the 
furnace walls and resistor plate through the 
central opening in the charge. 

11. An electric furnace having a resistance 
plate arranged therein and spaced from the walls 
thereof, and means to circulate the furnace at 
mosphere in oppositely moving streams separated 
by the resistance plate. . . 

12. An electric furnace adapted to receive a 
charge having a Substantially centrally arranged 
opening therethrough, a resistance plate extend 
ing around said furnace walls interiorly of the 
furnace and in spaced relation to the furnace 
walls, and a fan arranged to circulate the atmos 
phere from the space between the furnace walls 
and resistor plate through the central opening. 
in the charge. 

13. An electric furnace having a resistance ele 
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ment arranged therein and spaced from the walls 
thereof, and means to circulate the furnace at 
mosphere in streams Separated by the resistance 
element, said means comprising a propeller type 
fan having a casing arranged to provide periph 
eral discharge of the atmosphere from said fan. 

i4. An electric furnace having a resistance 
plate arranged therein and spaced from the walls 
thereof, and means to circulate the furnace at 
mosphere in Oppositely moving streams Separated 
by the resistance plate, said means comprising a 
propeller fan arranged in the furnace, and a fan 
casing arranged about said fan, said casing being 
provided with an inlet opening adjacent the axis 
of the fan and an outlet opening adjacent the 
periphery of said fan. - 

GEORGE L SIMPSON. 
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