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2,896,004 
EUEC'ITRIC HEATING FURNACE AND METHOD 

"0F 'HEA’I‘IN G 

lohn R. Duffy, Northbrook,rand George W. Holz and 
August Wilford Lillienberg', Chicago, Ill., assignors to 
Lindberg Engineering Company, Chicago, lll., a cor 
poration of ‘Illinois 

Application March ‘5, 1956, Serial No. 569,549 

This >invention relates to electric heating furnaces and 
lmethod of heating, and more particularly to electrical 
resistance heating type hea-t treating or :melting furnaces. 

It has been the usual practice heretofore in resistance 
vvtype furnaces to prov-ide a plurality of relatively small 
heating elements in spaced relation in the furnace heated 
by the iiow of electric current therethrough. Such ele 
ments require a relatively |high voltage, which raises elec 
trical insulation problems and problems of current leak 
age through the Ibrick-work or refractory lining of the 
furnace. High voltage further creates -the possibility of 
damage to the work in the event it should contact the 
'elements or of injury to personnel. 
Another difficulty encountered is maintenance of the 

Adesired heat distribution in the furnace and vparticularly 
in a heat treating furnace in which hot gases in the treat 
ing chamber are circulated by gravity or ‘by a fan or the 
like. 

It is one of vthe objects of the present invention to 
‘provide an electric heating furnace in which resistance 
heating elements are employed operating at very low 
voltage. 
Another object is to provide an electric heating furnace 

in which relatively large flat heating elements extend over 
a large area of the furnace wall to produce a uniform 
heating effect. 

Still another object is -to provide an electric heating 
furnace in which the heating elements are formed by 
corrugated sheets or strips mounted adjacent to the 
furnace wall. 

According to one feature of the invention, ̀ the corruga 
tions lin the sheets or strips may be varied in different 
portions thereof to obtain the desired heat balance in 
the furnace. For example, the corrugations may be 
made deeper or more closely spaced adjacent openings 
in the furnace or other points of high heat loss. 

According to another feature, the lcorrugated sheets 
'are spaced from the furnace walls to define therewith 
channels for controlled circulation of hot gases within 
the furnace chamber. 

Yet another object is to provide a furnace in which 
corrugated heating elements are supported in spaced rela 
tion to the roof and ñoor of the furnace for circula-tion 
of gas therearound. 
A further object of the invention is to provide an 

electric heating furnace in which a plurality of spaced 
parallel sheets or strips deñne a plurality of parallel 
paths of travel through the furnace for material -to be 
heated. By energizing the diiferent strips diiferently the 
temperatures in the paths may be maintained at different 
levels in this way Without requiring complete separation 
of the paths. 
A still further object is to provide an electric heating 

'furnace of the pot-type in which ythe heating elements are 
iin the form of annular strips or rings corrugated to 
enable the use of strips of a given length and transformers 
of the same size in furnaces of different sizes. 
A still further object is to provide an electric heating 
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furnace in which the heating elements are in the form 
of a plurality of conical rings with their adjacent edges 
overlapping vertically but spaced horizontally. 

Still another object is to provide an electric heating 
furnace in which the heating element rings are formed 
of at least three arcuate strips mounted end to end with 
terminals at their ends extending outward through the 
furnace wall. 
A further object is to provide a method of heating 

vin which the electric voltage employed is ybelow the value 
at which the electrical insulating properties of the furnace 
will break down. 
The above and other objects and features of the in 

vention will ybe more readily apparent from the follow 
ing description when read in connection with -the accom 
panying drawings, in which: 

Figure l is a vertical section through a heat treating 
furnace embodying the invention; 

Figure 2 is a horizontal section through the furnace 
of Figure 1; 

Figure 3 is a prespective view of the heating element 
of 'the furnace of Figures l and 2; 

Figure 4 is a perspective view of an alternative form 
of heating element; 

Figure 5 is a perspective view of a heating element 
for use in the top and bottom of the furnace; 

Figure 6 is an elevation of a hanger for a top heat 
ing element; 

Figure 7 is a horizontal section through a multiple 
path furnace embodying the invention; 

Figure 8 is a horizontal section through a pot-type 
furnace embodying the invention; 

Figure 9 is a section on the line 9-9 of Figure 8; and 
Figure l0 is a top plan view with parts in section of 

a pot-type furnace utilizing an alternative form of heat 
ing element. 
The furnace, as shown in Figures l to 3, is a heat 

treating furnace which is of conventional construction 
except for the heating elements employed therein. As 
shown, 'the furnace comprises a body 10 formed of heat 
resistant material such as refractory brickwork or ce 
ramic material which may -be covered if desired. The 
tbody 10 provides a treating cham-ber 11, which is open 
at one end, as indicated at 12, with a door 13 to close 
the opening 12 during operation of the furnace. 

Material to be treated may ybe fed into the furnace 
over roller conveyors 14 and may be supported on the 
conveyors `during the treating operation. The material 
may be moved into or out of the furnace by power driv 
en feeding means, shown as including a chain 15 driven 
through a motor 16, a reducer 17, and suitable power 
transmission mechanism, such as a belt 18. 
The furnace chamber is heated by electric resistance 

elements mounted in the chamber and energized from 
an external transformer or the like, indicated at 20. Ac 
cording to the present invention, the heating elements 
are in the form of sheets or strips 19 extending along 
the sides and across the closed back of the furnace and 
connected at their opposite ends to terminals extending 
through the furnace wall. As shown, there are two 
heating elements, each of which extends along one side 
and across half of the back of the furnace to terminals 
21, which may be formed by bending outward the ends 
of the strip to extend through the ceramic furnace body 
but which are preferably separate and thicker pieces 
welded to the strips. At the opposite ends of the ele 
ments the strips are welded to terminals 22 extending 
through the furnace wall and connected through bus 
bars 23 to the transformer. When the transformer is 
energized, current will flow through the strips 19 to heat 
them and -since the strips extend substantially the full 
length of the furnace walls, the heat will be distributed 



f e 2,896,004.  -- _ 

3 
uniformly throughout the furnace. As shown in Figure 
l, the resistance elements extend from a point slightly 
above the conveyor structure 14 to a point slightly below 
the top of the furnace chamber so that they are sub 
'stantially coextensive vertically with the material to be 
heated. The resistance elements may bey supported in 
any desired manner in thefurnace, as for example, by 
hangers 24 hooked into the upper edges of the heating 
elements and suspended within the furnace. 

According to one important feature of the invention, 
the sheets or strips 19 are corrugated, as shown, to en 
able a greater length of sheet or strip to be mounted 
in a furnace of a given size, thereby to increase the 
effective resistance without reducing the cross section. 
The corrugations have another advantage in that the 
strips may be variably corrugated in different portions 
of their length to produce greater heating at desired 
locations. For example, as shown in Figures l to 3 the 
corrugations may be spaced more closely adjacent to 
the openings 12 to compensate for heat loss through the 
opening and to maintain the temperature uniform within 
the furnace chamber. 
The use of sheet or strip resistance elements is also 

highly advantageous in controlling the circulation of hot 
gases through the furnace to heat the material to be 
treated effectively. As best seen in Figure 2, the sheets 
or strips 19 are mounted adjacent to, but spaced from, 
the chamber walls to define with the chamber walls chan 
nels for circulation of gas. The gases in the furnace 
will tend to circulate through these channels in intimate 
contact with the strips or sheets, thereby to kbe easily 
heated and to impart heat to the material in the chamber 
as they circulate. Circulation of the gases may be as 
sisted by a fan or blower 25 mounted in the lower part 
of the furnace and driven by a motor 26 outside of the 
furnace. The fan may cause the gases to circulate in 
either direction, but preferably draws the air downward 
through the center of the chamber over the work and 
causes it to flow upward between the resistance elements 
and furnace walls in the same direction as gravitational 
ñow. 

Figure 4 illustrates a modified construction of heating 
element which brings all of the terminals out at the 
rear of the furnace without the necessity of utilizing bus 
bars 23. In this construction the heating element is 
formed of relatively narrow strips 27, which extend from 
a center common terminal 28 across the back of the 
furnace, and side strips 29, which extend along the sides 
of the furnace. 
The side strips 29 are split longitudinally, as shown, 

from their rear ends almost, but not completely, to their 
front ends to provide upper and lower strips of substan 
tially the same width as the strips 27 integrally con 
nected at the front end of the furnace. The lower strips 
at the sides terminate in terminals 31 which may extend 
out through the back wall of the furnace adjacent to 
the center terminal 28 for easy connection to a trans 
former or other source of power. Otherwise, the con 
struction of Figure 4 is the same as that of Figures l 
to 3 and functions in the same manner. 

In many cases it is desirable to provide additional 
heating elements at the top or the bottom or both of 
the furnace. For this purpose, corrugated metal sheets 
32 are provided and are formed with a series of spaced 
slots 33 extending lengthwise down the center lines there 
of. The slots 33 enable the sheets 32 to be bent into 
a V-section without warping and further provide for 
circulation of gas through the sheets land for easy at 
tachment of hangers thereto. 
The mounting in the top of the furnace, hangers are 

employed as shown in Figure 6 having a shank 34 and a 
V-shaped relatively narrow head 35 rotatable on the 
shank. To mount a sheet 32 in the top of the furnace, 
the Shanks 34 are anchored in the roof of the furnace 
and the heads 35 are turned to a position parallel to 
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4 
the slots 33, in which position they can pass through 
the slots 33. After the sheet 32 is raised above the 
heads 35, the heads are turned at right angles to the 
slots and the sheet is lowered to be supported on the 
heads. 

The ends of the sheets 32 may be welded to terminals 
36 shaped to tit against the ends of the sheets and to 
extend through the furnace top or bottom walls. y The 
terminals may be connected to the transformer 20 or 
to any other desired source of power. 
For bottom mounting, sheets 32 may be supported in 

spaced relation to the furnace floor on stools 37 as shown 
in Figures 1 and 2. In this case the terminals 36 will 
extend downward rather than upward as seen in Figure 
5 so that the apex of the V-section is up. 
A plurality of sheets 32 may be mounted in parallel 

spaced relation at each the top and bottom of the furnace 
to cover substantially the entire furnace area or the 
sheets could be spaced and positioned as desired. In 
either case, the sheets 32 will radiate heat onto the work 
and will provide for circulation of gas around them due 
to their spacing and to the slots 33 therein. 

The relatively large sheet or strip heating elements such 
as 19, 29 and 32 present numerous advantages. Since 
they constitute relatively large elements, a minimum num 
ber of elements is required for a furnace of a given size 
thereby minimizing mounting difliculties and number of 
terminals. The sheets may cover substantially all of the 
area around the work so that heat is radiated onto the 
work from all directions and no cold spots are developed. 
Also the sheets or strips form effective chimneys with the 
surrounding furnace walls through which gas within the 
furnace circulates to be effectively and uniformly heated 
to assist in maintaining a uniform temperature in the 
furnace. 

Another important advantage »is that the relatively large 
cross sectional area of the sheets or strips enables the 

' furnace to be operated at very low voltage, on the order 
of ten to twenty-five volts. This simplifies installation 
from the standpoint of insulating the elements from each 
other and from other furnace parts and minimizes the 
hazard to personnel and to the parts being treated in the 
event they should closely approach or contact an element. 
The voltage source is therefore designed to deliver very 
low voltage on the order of ten to twentyñve volts and 
sufficient amperes to bring the elements up to the desired 
heat. 

Still more importantly, the use of low voltage reduces 
or eliminates the possibility of electrical breakdown of 
the brickwork or other refractory between the terminals 
at the points where they enter the furnace. When the 
brickwork or refractory is new and clean, it provides ex 
cellent electrical insulation as well as good heat insula 
tion. However, after a period of use and particularly in 
carburizing furnaces, the brickwork or refractory will 
become impregnated with soot or carbon to a depth of 
several inches and its electrical insulating value is very 
materially reduced. Surface soot can easily be cleaned 
away and does not present a serious problem but the soot 
which soaks into the brickwork or refractory cannot be 
removed. _ 

When relatively high voltages on the order of one 
hundred volts or more are used, as is conventional, it 
has been found that current leakage between the ter 
minals through the brickwork or refractory will occur 
after a relatively short time of use and the only known 
remedy is to replace the brickwork or refractory. Not 
only does use of lower voltage reduce the tendency for 
leakage but we have found that there is a critical voltage 
value below which the insulating characteristics of the 
brickwork or refractory will not break down even though 
it is soaked with soot or carbon. Our experiments show 
that at voltages of about tWenty-ñve volts or less the brick~ 
work or refractory will maintain its electrical insulating 
properties indefinitely whereas at higher voltages the elec 
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trical insulating properties of the brickwork or refractory 
breakdown after a relatively short period of use. 
The exact reasons for this are not fully understood. It 

-is believed, however, that when the porous brickwork or 
refractory becomes impregnated, the small voids therein 
become coated or filled with soot or carbon without creat 
ing a continuous path through the soot or carbon. The 
higher voltages will jump or break down the very short 
insulating spaces between adjacent bodies or particles of 
soot or carbon whereas voltages on the order of twenty 
ñve volts or less will not break down even these short 
gaps. 

Figure 7 illustrates a furnace for continuous treating of 
material in a plurality of separated paths. The furnace, 
as shown, comprises a chamber 38 open at both ends and 
having a pair of conveyors 39 and 41 extending there 
through from end to end. Separate parts or bunches of 
material to be treated may be passed through the furnace 
on the separate conveyors for simultaneous heat treat 
ment. 

The furnace is heated by a pair of side heating sheets 
or strips 42 extending along the opposite sides of the fur 
nace in spaced relation thereto and having terminals 43 
at their ends extending through the furnace side walls for 
connection to source of heating current. The strips 42 
are 'corrugated in the same manner as the strips 19 of 
Figures 1 to 3 and may have the corrugations more 
closely spaced adjacent the ends than in the center por 
tions to compensate for heat loss through the openings at 
the ends. Between the two conveyors 39 and 41 a heat 
ing sheet or strip 44 is mounted registering with the strips 
42 and similarly corrugated. The strip 44 may be con 
nected to terminal posts 45 extending vertically through 
either the top or bottom of the furnace for connection to 
>a power source. Hot gases may be circulated around the 
material in the furnace and the heating strips by fans 46 
positioned below the conveyors. The strip 44 may be a 
single strip, as shown, or may be two spaced strips ener 
gized at different temperatures to separate the two treat 
ing zones more effectively. 
As material passes through the furnace on the con 

veyors it will be subjected to radiation from the heating 
elements at the opposite sides of the conveyors and to 
convection heating by the circulation of hot gases there 
over. In this construction, if desired, the material passing 
through the different paths may be subjected to different 
temperatures by energizing the heating elements 42 with 
different voltages or by using elements of different sizes. 
The heating strip 44 in this case not only serves as a 
source of heat, but also as a barrier between the two 
conveyor paths which may be heated to a temperature 
intermediate the temperatures of the strips 42. The strip 
44, whether single or double, is of a height greater than 
the work to separate the two paths effectively. In this 
way a higher temperature may be maintained around one 
of the conveyors than around the other to perform differ 
ent heat treating operations simultaneously in the same 
furnace. 

Figures 8 and 9 illustrate application of the invention 
to a pot or box type furnace, including a cup-shaped 
refractory body 47 open at its top and supported on legs 
‘or recessed into the door, as desired. A perforated sup 
porting plate 48 is provided spaced from the bottom of 
the furnace chamber upon which the material or con 
tainers for material to be treated may rest. Preferably, 
a circulating fan 49 is mounted beneath the plate 48 
and is driven by a motor 5t) to maintain a forced circula 
tion of air within the furnace. 
The furnace is heated by an elongated tubular heat 

ing element substantially coextensive vertically with the 
furnace chamber to heat the work therein. As shown, 
the heating element is formed by a plurality of sep 
arated rings 51, each of which is formed of corrugated 
sheet material with the rings being vertically spaced to 
cover substantially the entire inner wall of the furnace 
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6 
chamber. The rings may be separately supported by 
hooks 52 suspended from the inner wall of the chamber. 
The rings 51 are separated at their ends as shown in 

Figure S and are energized through terminals having 
straight parallel portions 53 extending through the wall 
of the body and angular portions 54 welded to the ends 
of the ring. By providing the angular portions 54 the 
ends of the rings can be brought close together toA elimi 
nate cool spots in the furnace while maintaining the ter 
minal portions 53 widely spaced where they go through 
the furnace body for better electrical insulation and to 
provide more space around the terminals for connection 
to bus bars and the like. 

`One big advantage in the use of corrugated heating 
elements in a pot or box type furnace, either for heat 
treating or for melting, is that elements of the same 
length and utilizing the same transformer may be mount 
ed in furnaces of different sizes merely by varying the 
corrugations in the strips. Conversely, the length of the 
elements, and hence their resistance, may similarly be 
varied to vary the heat input from a given transformer. 
This feature enables greater standardization of transform 
ers and minimizes the number of different lengths of 
heating elements which are required for a range of fur 
nace sizes. 

In heat treating furnaces, the rings 51 are spaced in 
ward from the furnace wall, as shown in Figure 8, for 
circulation of hot gases through the channels defined be 
tween the elements and the furnace wall. When a pl‘u 
rality of strips are used, there is a tendency for the hot 
gases to leak between the adjacent strips with loss of ef 
ñciency. To minimize this effect, as best shown in Figure 
9, the several rings 51 are made of conical shape and 
are mounted with their adjacent edges in vertically over 
lapping relationship but spaced slightly horizontally to 
be electrically separated from each other. With this con 
struction, as the gases flow Iupward between the n'ngs 
and the furnace wall, the tendency for leakage between 
the rings is minimized and maximum efficiency is achieved. 
In melting furnaces, the rings may, of course, be placed 
closely adjacent to the wall and vertical spacing between 
them is not critical. 

Figure l0 illustrates an alternative element construc 
tion for a pot-type furnace. As shown therein, the fur 
nace comprises a cylindrical cup-shaped body 55 open 
at its top and closed at its bottom. The heating elements 
are in the form of arcuate vertically corrugated strips 
56, at least three strips being arranged in end to end 
relationship being provided to form a complete ring. At 
their ends the strips 56 are bent outward to form ter 
minals 57 extending radially outward through the furnace 
wall and preferably spaced apart at their outer ends. 
Bus bars 58 or similar connecting elements may be placed 
between adjacent terminals 57 and secured thereto by 
bolts vor the like. 

In this construction the heating elements are easily 
placed and are easily replaced, if necessary, since each 
ring is in the form of a plurality of segments capable of 
separate handling. If it should be necessary to replace 
a segment, for example, the bus bars connected thereto 
may be detached and the terminals 57 may be pulled ín 
ward through the furnace wall without disturbing any 
other segments or rings, the strip bending sufficiently Vto 
enable this to be accomplished. A new segment can 
easily be inserted by extending the terminals thereon 
through the openings in the furnace wall and reconnect 
ing to the bus bars. After replacement of a terminal 
strip in this manner, refractory cement is preferably 
packed around the strip to eliminate any possibility of 
leakage therepast. 

While several embodiments of the invention have been 
illustrated and described in detail, it will be understood 
that these are illustrative only and are not to be taken 
as a definition of the scope of the invention, reference 
being had for this purpose lto the appended claims. 
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What is claimed is: 
l. An electric heating furnace comprising a hollow body 

deiining a chamber to receive material to be heated, a 
thin strip of conductive material formed with a series of 
parallel corrugations therein transverse to the length of 
the strip mounted in the chamber adjacent to and spaced 
from the wall thereof, and terminals connected to the 
ends of the strip and extending out through the wall of 
the chamber for connection to a source of power. 

2. An electric heating furnace comprising a hollow 
body defining a chamber to receive material to be heated, 
a thin strip of conductive material formed with a series 
of vertically extending corrugations therein mounted in 
the chamber adjacent to but spaced from a side wall 
thereof, the space between the corrugated strip and the 
wall delining a vertical channel for the circulation of 
heated gas in the chamber, and terminals connected to 
the ends of the strip and extending through the chamber 
wall for connection to a source of power. 

3. An electric heating furnace comprising a hollow 
body deñning a chamber to receive material to be heated, 
a thin strip of conductive material formed with a series 
of vertically extending corrugations therein mounted in 
the chamber adjacent to but spaced from a side wall 
thereof, the space between the corrugated strip and the 
wall deñning a vertical channel for the circulation of 
heated -gas in the chamber, terminals connected to the 
ends of the strip and extending through the chamber wall 
for connection to a source of power, and a fan in the 
chamber to create a circulation of heated gas through the 
chamber and said channel. 

4. The construction of claim l in which the corruga 
tions are closer together at certain parts of the sheet than 
at other parts to effect a desired heat distribution in the 
chamber. 

5. An electric `heating furnace comprising a hollow 
body defining a chamber to receive material to be heated, 
a plurality of vertically spaced strips of conductive ma 
terial lying generally vertically adjacent the side wall of 
the chamber, and spaced at their adjacent edges to be 
electrically separated from each other, the strips being 
formed with vertically extending corrugations and being 
spaced from the chamber wall to provide therebetween 
vertical channels for the circulation of hot gases and ter 
minals connected to the strips and extending through the 
wall of the chamber for connection to a source of power. 

6. An electric heating furnace comprising a hollow 
body delining a chamber to receive material to be heated, 
a plurality of vertically spaced strips of conductive ma 
terial lying generally vertically adjacent the side wall of 
the chamber, the strips lying at a slight angle to vertical 
with their adjacent edges overlapping vertically 1but being 
spaced horizontally to separate the strips electrically 
from each other, the strips being formed with vertically 
extending corrugations and being spaced from ̀ the cham 
ber wall to provide therebetween vertical channels for` 
the circulation of hot gases, and terminals connected to 
the strips and extending through the wall of the furnace 
for connection to a source of power. 

7. An electric heating furnace comprising a hollow rec 
tangular ‘body having a loading opening at one end, verti 
cal strips of thin conductive material extending along and 
spaced from the inner sides of the body and formed with 
a series of vertical corrugations, and terminals connected 
to the strips and extending through the walls of the body 
for connection to a source of power. 

8. An electric heating furnace comprising a hollow rec 
tangular body having a loading opening at one end, ver 
tical strips of thin conductive material extending along 
and spaced from the inner sides of the body and formed 
with a series of vertical corrugations, and terminals con 
nected to the strips and extending through the walls of 
the body for connection to a source of power, lthe corru 
gations in the strips being spaced more closely adjacent 
the loading opening than remote therefrom., ` 
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9. An electric heating furnace comprising a hollow reç 
tangular body having a loading opening at one end, verti 
cal strips of thin conductive material extending along and 
spaced from the inner sides of the body and ̀ formed with 
a series of vertical corrugations, the strips being split 
horizontally from the ends thereof remote from the load 
ing opening to a point adjacent the loading opening, and 
separate terminals for the separated portions of the strips 
extending through the wall of the body at adjacent points 
remote from the loading opening. 

l0. An electric heating furnace comprising a hollow 
body having openings at its ends for passage of material 
to be heated therethrough, at least three spaced parallel 
strips of conductive material extending through the lbody 
spaced from the walls thereof and defining at least two 
parallel paths for passage of material from one opening 
to the other, the strips being formed with parallel corru 
gations therein transverse to the lengths of the strips, and 
terminals connected to the ends of the strips and extend 
ing through the walls of the body for connection to a 
source of power. 

ll. An electric heating furnace comprising a hollow 
body having openings at its ends for passage of material 
to be heated therethrough, at least three spaced parallel 
strips of conductive material extending through the body 
spaced from the walls thereof and deñning at least two 
parallel paths for passage of material from one opening 

’_to thevother, and terminals connected to the ends of the 
strips and extending through the walls of the body for 
connection to a source of power, the strips being formed 
with vertical parallel conmgations transverse to the 

~lengths of the strips and having the corrugations spaced 
more closely adjacent the openings than in the central 
part of the body. 

l2. An electric heating `furnace comprising a hollow 
body open at its top and closed at its »bottom and defining 
a central chamber to receive material to be treated, a 
substantially tubular resistance element formed of a thin 
strip of conductive material in the cavity around the 
central chamber and spaced from the walls of the cham 
ber, the resistance element being open at the top and 
bottom and being substantially coextensive with the cen 
tral chamber, and terminals connected to the resistance 
element and extending outward through the wall of the 
chamber for connection to a source of power, the resist 
ance element being vertically corrugated whereby by vary 
ing the corrugations a resistance element of given length 
can be placed in bodies of different sizes. 

l3. The construction of claim l2 in which the resist 
ance element is made up of a plurality of conical rings 
with their adjacent edges overlapping vertically but sepa 
rated horizontally. 

14. An electric heating furnace comprising a hollow 
body open at its top and closed at its bottom and defining 
a central chamber to receive material to be treated, a 
substantially tubular resistance element in the cavity 
around the central chamber, the resistance element being 
formed by a plurality of arcuate strips formed with ver 
tical corrugations spaced from the wall of the chamber 
and defining vertical channels for circulation of gas in 
the chamber, the strips being assembled in end to end 
relationship and ̀ with terminals at the ends of the strips 
extending outward through the wall of the body for con 
nection to a source of power. 

l5. An elect-ric heating furnace comprising a hollow 
body open at its top and closed at its bottom and deñning 
a central chamber to receive material to `be treated, a 
substantially tubular resistance element in the cavity 
around the central chamber, the resistance element being 
made up of a plurality of vertically spaced relatively 
short rings and each ring being formed by at least three 
arcuate strips formed with vertical corrugations spaced 
from the wall of the chamber and defining vertical chan 
nels for circulation of gas in the chamber, the strips being 
assembled in end to end relationship and with terminals 
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at their ends extending outward through the wall of the 
body for connection to a source of power. 

16. An electric heating furnace comprising a hollow 
body defining a chamber to receive material to be treated, 
heating elements in the chamber formed by relatively thin 
strips of conductive material having spaced ends lying 
close together Within the chamber and spaced from the 
chamber Wall, each of said strips being formed with a 
series of parallel corrugations therein transverse to the 
length of the strip and being mounted in the chamber 
adjacent to and spaced from the Wall thereof, terminals 
having relatively widely spaced parallel portions extend 
ing through the chamber wall and angular portions ex 
tending angularly toward each other Within the chamber 
and secured to the spaced ends of the strips. 

17. An electric heating furnace comprising a hollow 
body defining a chamber having top and bottom Walls 
and adapted to receive material to be treated, a thin 
elongated strip of conductive material lying generally 
parallel to and spaced from one of said walls, said strip 
being cross corrugated and being bent along its longitu 
dinal centerline into a V-section and being mounted with 
the apex of the V at the top, the strip being formed with 
a series of spaced openings therethrough adjacent to the 
apex of the V. 

18. An electric heating furnace comprising a hollow 
body deñning a chamber having top and bottom walls 
and adapted to receive material to be treated, a thin 
elongated strip of conductive material lying generally 
parallel to and spaced from one of said walls, said strip 
being cross corrugated and being bent along its longitu 
dinal center line into a V-section and being mounted with 
the apex of the V at the top, the strip being formed with 
a series of spaced elongated slots therethrough adjacent 
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to the apex of the V, and fastenings thereon engaging 
the strip at the sides of the slots to support the strip. 

19. An electric heating furnace comprising a hollow 
body having walls of refractory material, a heating elle 
ment in the body formed by a relatively thin wide strip 
of conductive material, said strip having a relatively large 
cross sectional area to provide a relatively low electrical 
resistance, and terminals connected to the ends of the 
strip and extending through the Walls of the furnace 
body, and an electrical source developing a voltage on 
the order of ten volts to twenty-ñve volts and capable of 
producing high amperage connected to the terminals. 

20. The method of heating a furnace having walls of 
a refractory material, spaced terminals extending through 
the walls and heating elements in the furnace connected 
to the terminals and having relatively large cross sectional 
area and low electrical resistance and which furnace con 
tains a carburizing atmosphere, said method comprising 
energizing the heating elements through the terminals 
with electric current at a voltage not greater than about 
twenty-five volts and at an amperage suflicient to raise 
the temperature in the furnace to the carburizing tem 
perature of ferrous metal. 
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