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This invention relates to electric furnaces
of the resistor type and more particularly
to resistors of the grid type. The invention
is especially applicable to furnaces of the
continuous type and may also be carried out
in other types of furnaces where it is neces-
sary or desirable to compensate for an un-
equal cooling or overheating effect in certain
portions of the furnace. ' B

In continuous electric furnaces, in which
the material is moved through the furnace
in one direction, it is customary to provide
resistor grids upon the walls of the furnace,
extending from end to end of the heating
chamber, a substantially uniform amount of
energy being supplied to all parts of the

 resistor.
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 also cools the discharge end of the heatin
_chamber, making it impossible to hold the
“material at temperature until discharged

With this form of furnace, the tempera-
ture within the heating chamber, at. the
charging end, is kept down considerably be-
low the -rulin%stemperature of the furnace,
due to rapid a
cold material, making it practically impos-

sible to quickly bring the material to the -
desired temperature, since a high tempera-:

ture differential cannot exist between the re-

sistor and the cold in-coming stock.without

overheating the balance of the furnace.
The- cooﬁng effect of the discharge door

from the furnace. This is objectionable in
the heat treating of steel and the like as it
is usually desirable to bring the material to
a specified temperature in a reasonably short
time, and hold the temperature unfil dis-
charged from the furnace. .

The objects .of the present invention are
to zone or segregate the resistors to over-
come the cooling effect of the material and
furnace doors in order that the material may
be quickly brought to the desired tempera-
ture and held ‘at such temperature until dis-
charged from the furnace. .

The above and other objects may be at-
tained by providing a plurality of resistors

throughout the furnace and directing differ- -

ent amounts of energy to different resistors,
thus substantially zoning the temperature of
the heating chamber. .

An embodiment of the invention is illus-

" ‘trated in the accompanying drawing, in

86

which— R L .
Figure 1 is a diagrammatic view showing

orption of heat by in-coming’

the furnace zoned by means of a plurality of
resistor grids receiving different amounts
of energy; - '

« Fig. 2/a diagram showing the temperature
%radlgnt of a furnace such as shown in Fig.

; an

Fig. 3, a similar view of the usual temper-
ature gradient of a furnace where the same
amount of energy is directed throughout
the length of the resistor. ﬁ

Similar numerals refer to similar parts
throughout the drawing. -

For the purpose of illustration, a contin-
uous furnace which may be said fo have an
electrical capacity of 100 kw., is shown, the
heating chamber being indicated at 1 and

~adapted to be heated by three sets of re-

sistor grids as shown at 2, 3 and 4, substan-

. tially dividing the interior of the heating

chamber into three zones extending from.the

‘charging ‘end to the discharge end thereof.

The resistors 2, which extenid from the
charging end to a point near the center of
the heating chamber, are connected to the
wires 5 through which they are adapted to
receive 60 kw. of electrical energy.

~The resistors 8, in the central zone of the
furnace,” are connected to the wires- 6,
through which they ave adapted to receive

g 30 kw. The short resistors 4 at the dis-

charge end of the furnace may receive 10 kw.

‘through the Wires 7. a

- With this arrangement of resistor grids
the furnace is effectually zoned -to produce
a temperature gradient as.shown in Fig. 2.

Assuming the cold material entering the

‘charging end of the furnace to be substan-

tially 60° F., the temperature curve will rise
rapidly as shown, as the material passes
through the first zone, the resistors 2 running
at 60 kw., bringing the material to the de-
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sired -temperature, indicated at 1550°, in a -

comparatively short time, due to the larger
amount of energy being liberated in the first
zone; whereas i%a uniform amount of energy
is delivered.throughout the entire furnace,

100

the heating time of the material will be *

considerably extended -due to the lower
amount of heat liberated at the charging
end of the furnace. :

The resistors 3, in the central zone, run-

ning at 30 kw., will liberate sufficient energy

within the central zone of the furnace to
hold the temperature at 1550°, and the cool-
ing effect of the discharge door is overcome
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| by providing the short resistors ¢ which
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receive 10 kw., liberating a. greater amount
of energy in 2 given space, due to the fact
that they are operated at a higher current
density, than the central resistors and wain-
taining the temperature at 1550° until it
reaches the discharge door of the furnace. .

In Fig. 3 is shown a typical temperature
gradient of a furnace in which the resistor
extends from one end of the furnace to the

other and recelves a uniform amount of en-

ergy throughout its length.

The cold in-coming material heats slowly,
only reaching the desired temperature of
1550° as it nears the discharge end of the
furnace and dropping to 1500° as it ap-
proaches the discharge door, due to the cool-
ing effect thereof. ' ‘ )

A control outfit is preferably provided
for the resistors in each zone, but for the
purpose of illustration, only one control
outtit is shown, that of the central zone, 1t
being, of course, understood that the control
outfits of the first and last zones may be
duplicates thereof and it may be desirable

" 4o control two or more zones by the same
~ control outfit, it being of course understood
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that such an arrangement would not inter-

fere with delivering different amounts of
energy to the zones so controlled. -

A control outfit includes a contact pyrom-
eter 8, of standard type and provided with a

needle 9 arranged to swing into contact with -
~ each of the plates 10 when depressed by the

depressor bar 11, which may be clock or mo-
tor operated, depending upon the type of
pyrometer used.  Fach pyrometer 1s con-
trolled by a thermo-couple 12 extending into
the corresponding zone of the furnace and
connected to the pyrometer as by wires 13.

By contacting with either of the contact
points 10 and 10%, the needle completes a ciz-

cuit through the wires 14 and 15, from the

iine wires 16, to one or the other of the sole-
noids 17 operating the relay switch 18, which
controls the solenoid operated switch 19,
through which the circuit from the wires 16
to the resistors, is completed.

In the central circuit as shown, when the
temperature of the corresponding zone is be-
low the predetermined setting of the control
pyrometer, contact will be established from
the depressor bar 11 to contact point 10, clos-

- ing the relay switch 18 which,1n turn, closes,
55

the main line, magnet operated switch 19,

.thus connecting the resistor within that zone

with the line 186.

~The temperature within the zone con-

trolled will immediately start to rise and
will continue to rise until the needle 9 swings

‘out of contact with point 10 and across the

intervening space between the contacts 10

~ and 10°, which distance, for the purpose of

65

illustration, may be equivalent to 10° or
15° F. ‘

. 1,670,848

As soon, hoWever, ge the needle contacts

with the point 10* a current flows through
depressor bar 11, contact point 10° to open

the relay switch. 18, in turn opening the -

main line switch 19 and cutting the current
off of the particular zone. 'The needle 9
will again start to recede to again contact
with point 10, which action it is seen will
maintain the temperature of the controlled
zone 1‘Within a predetermined limit of 10° or
15° F, : : N

For the purpose of varying the current
density of the resistors, 2 manually operated
multiple point switch is provided and com-
prises the switch blade 21, to which one of
the wires 16 is connected, and the contact
points 22, arranged to be selectively engaged
by said blade and tapped at spaced inter-
vals to the secondary coil 23, which is con-
nected to the other wire 16. The primary
coil 24 of the transformer is connected to
the line wires 25. L

This multiple point switch is arranged to
be manually operated to independently con-
trol the current density of each resistor,
while the duration of time during which
current is delivered to each resistor is auto-
matically controlled by the thermally con-
trolled outfit. ’

1t will, of course, be seen that each of the
pyrometers may be set to maintain the cor-
responding zone of the furnace at the de-
sired temperature for that particular zone
in order {o accomplish the results as above

described. .

Although the invention is illustrated and
described as applied to a continuous furnace

‘in which the material is constantly moved

through the furnace im ome direction, it
should be understood that the inventien is
also applicable to other forms of furnaces
where differential temperatures ave desired.

It is known that furnaces have been con-
structed In which the resistors have been
placed closer together or hung in parallel
rows at certain points and it should be un-
derstood that no claim is made to such a

‘construction as a uniform amount of energy

is released throughout the entire length of
the resistor, and the current density is not
increased at these points; while in the pres-
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ent case differential amounts of energy are

released from different portions of the re- -

sistor means, the current density being in-
creased at the points where greater amounts
of energy are released.
I claim: : ~
1. An electric furnace including a plural-
ity of zones, a resistor located in each zone
of the furnace, means for liberating a dif-
ferent amount of heat from each resistor,

and means controlled by the temperature in-

each zone for regulating the amount of en-
ergy delivered to the corresponding resistor.
2. An electric furnace including resistors
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" sistors.
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located in different ’ioneé of the furnacé,

each resistor having a different capacity for

liberating energy, and means for varying
the current density in certain of said re-
sistors. , ‘

3. An electric furnace having segregated
zones, electric resistors located within said

zones, each resistor having a different ca- .

pacity for liberating energy so that a pre-
determined temperature gradient is pro-
duced in the furnace, and controlled means
for operating certain of the resistors at a
higher current densi
4. An electric furnace including a plural-
ity of zones, a resistor located in each zone
ofy the furnace, each resistor having a dif-
ferent capacity for liberating energy, and
means. controlled by the temperatures . in
the different zones for delivering different
amounts of energy to the several resistors,
5. An _electric furnace including a plu-

‘rality of zones, a resistor, located in each
controlled .

zone in the  furnace, manual(lly
e

means for varying the current density in the

ty than the other re-

different resistors and pyrometer controlled
means for controlling
current in each resistor.

the duration of the_a’

6. A continuous electric furnace having

segregated resistors, each resistor having a
different ca%acity for liberating energy so
as to zone the furnace to produce a prede-
termined temperature gradient, and py-
rometer controlled means for controlling tﬁ’e
length of time during which current is de-
livered to each resistor. S ‘

7. A continuous .electric furnace having

regated resistors, each resistor having a
?iei%erent capacity for liberating energy so
as to zone the furnace to produce a prede-
termined temperature gradient, manually
controlied means for varying the current

- density in the different resistors and pyrom-

eter controlled means for -controlling’ the
length of time during which current is de-
livered to each resistor. '

. In testimony that I claim the above, hi

have-hereunto subscribed my name.

FRANK T. COPE.
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