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UNITED STATES 
1,478,375 

PATENT OFFICE. 
OBRS. B. BENNETT, OF WATERBURY, CONNECTICUT, ASSIGNOR TOSCOWILL MANU 

FACTURING COMPANY, A CORPORATION of conNECTICUT. 
EECTRIC FURNACE. 

Application filed July 18, 1918. Serial No. 245,485. 

To all whom it may concern. 
Be it known that I, MoRRIs H. BENNETT, 

a citizen of the United States, residing at 
Waterbury, county of New Haven, and State 

5 of Connecticut, have invented certain new 
and useful Improvements in Electric Fur 
naces, fully described and represented in the 
following specification and the accompany 
ing drawings, forming a part of the same. 

O invention relates to improvements in 
electric furnaces. 
In electric furnaces as ordinarily con 

structed and in which the current is con 
ducted directly from electrode to charge, 

15 generally speaking, the efficiency of the fur 
nace is determined by the amount of energy 
which can be delivered to the charge in a 
given time. 
In furnaces for melting metals having a 

20 high electrical conductivity and low resist 
ance, and particularly such metals as tend 
to give of fumes in melting, this limitation 
is serious because, if it be attempted to force 
a large quantity of energy into the furnace 

25 in a short time, excessive temperatures are 
produced beneath and immediately around 
the electrodes, the result of which is a tend 
ency to burn the metal, or cause excessive 
fumes, or both. Further, the high tem 

30 peratures immediately beneath or around 
the electrodes and the heat which is radi 
ated from the electrodes or from the zone 
between electrode and charge, raise the tem 
perature in the furnace chamber to such an 

35 extent that such fumes as are given of pro 
duce excessive pressures in the furnace 
chamber, particularly if it be of the closed 
or Bennett type. . 
In such furnaces, furthermore, the effec 

40 tive current heretofore employed has been 
of low frequency, that is, approximately be 
tween fifteen and sixty cycles. This low 
frequency current, particularly where the 
charge is composed of metals having a high 

45 electrical conductivity is, as is well-known, 
so distributed through the charge that its 
resulting heating effect in the charge is com 
paratively low. As has been indicated, any 
attempt to increase the heating effect by 

50 substantially increasing the rate at which 
energy is introduced into the furnace by 
this effective low frequency current will re 
sult in excessive temperatures in the fur 
nace, which is objectionable, particularly 

where the metals being melted tend to fume 
and will result in excessive overheating of 
the metal immediately around and beneath 
the electrodes. 

It is the object of this invention to em 
ploy in furnaces such as have been referred 
to, a current of such characteristics that the 
heating effect due to the passage of the cur 
rent through the charge will be increased. 
More specifically considered, it is the ob 

ject of this invention to employ in furnaces 
such as have been described an effective 
heating current of high frequency, the heat 
ing effect being increased because the re 
sistance of the charge to such current is high; ith these and other objects not specifi 
cally referred to in view, the invention con 
sists in the combination with a furnace 
which employs means for conducting the 
electric heating current directly to the 
charge in the furnace, of means for supply 
ing thereto an effective current of high fre 
quency. 
More specifically, the invention consists in 

employing in an electric furnace in which 
the current is conducted from electrode to 
charge, a low frequency generator, means 
being employed in connection therewith to 
increase the effective frequency of current 
delivered to the charge. 
The invention also consists in certain ele 

ments and combinations as will be more 
fully described hereinafter and particularly 
pointed out. 

Figure 1 is a diagrammatic view of a 
furnace and connected apparatus for carry 
ing the invention into E. the furnace be 
ing shown in section. 

Figure 2 is a horizontal section of the 
furnace shown in Figure 1. 

Figure 3 is a diagrammatic illustration 
by means of curves, of the results obtaine 
from the construction shown in Fig. 1. 
The drawing forming a part of this speci 

fication illustrates diagrammatically a fur 
nace and proper apparatus in connection 
there with for carrying the invention into 
effect. The furnace which has been selected 
for illustration is a furnace of the closed or 
Bennett type, illustrated and described in 
connection with the application of M. H. 
Bennett, Serial No. 241,914, filed June 17, 
1918, in which devices are shown for so 
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controlling the rate of heat delivery as to 
prevent, the undue production of fumes in 
the furnace. 
the furnace chamber and 2, 3, 4 the elec 
trodes. The power circuit wires for the 
several electrodes are shown at 5, 6 and 7, 
respectively, ammeters and voltmeters be ing shown as connected on the circuits. De 
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vices for properly positioning the electrodes 
to adjust the resistance are shown, these 
consisting of drums 8, worms 9 and worn 
wheels 10. The connections from the worm 
drums to the electrodes are indicated at 11. 
As has been indicated, furnaces which em 

body the invention will utilize effective cur 
rents of high frequency, that is, very con 
siderably in excess of the low frequency 
currents ordinarily utilized in electric fur 
naces in which current is delivered directly 
from electrode to charge. 
As is well-known, the use of high frequency 

generators for ordinary commercial work, 
such as furnace work, presents many dif 
ficulties. The expense of installation of such 
generators is large, and the electrical losses 
are high, particularly if the current re 
uires to be transmitted over any cousider 

able length of line. Preferably, therefore, 
in carrying the invention into effect, the 
effective high frequency utilized in the fur nace will be obtained by increasing the ef 
fective frequency of current derived from 
a low frequency generator. In the commer 
cial practice of the invention, an effective 
high frequency of about 1200 cycles has been 
obtained by increasing the effective fre 
quency of current derived from a low fre 
quency generator, the generator being de 
signed to deliver a current of about sixty 
cycles. 
The delivery of the effective high fre 

quency current derived from a low frequency 
generator, when the high frequency is ob 
tained in this manner, may be efficiently at 
tained by employing a condenser or con 
densers. Condensers of various construc 
tio is may be employed. A condenser which 
has been found efficient is of the electroly 
tic type and consists of a series of closely 
spaced aluminum plates in an electrolyte 
consisting of a saturated solution of 
bicarbonate of soda. Three such condensers 
are indicated at 12, 13 and 14, respectively. 
The condensers employed for carrying 

the invention into effect may be variously 
connected on the circuit. As shown, the 
connection is of the Y type, one set of the 
plates in each cell being connected by a 
common strap 15 and the other plates in the 
cells being connected by wires 16, 17 and 
18 to the circuit wires 7, 6, 5 respectively. 

it will be understood that in the construc 
tion shown, these circuits 5, 6, 7 lead to a 
Sitable low frequency generator of the poly 
phase type, if necessary a suitable trans 

in said drawing, 1 indicates 
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former being interposed in the circuit. As 
these devices are well-known, they are not 
indicated. . 

Actual commercial test of the apparatus 
which has been described, using a low, fre 
quency generator delivering a current of 
about sixty cycles and employing three con 
densers having a capacity of about 3200 
microfarads each, has shown that a much 
higher temperature can be obtained and 
maintained in the metal, and, consequently, 
better heating, without undue production of 
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fumes, than with the same apparatus with 
out the condensers. This, of course, is 
highly advantageous where metals are be 
ing melted, the pouring temperature of 

80 

which is necessarily considerably above the 
vaporizing point. The heating effect in the 
charge is increased without increasing the 
temperature in the furnace above the charge. 
so that such fumes as are given of are 
more readily condensed by the walls of the 
furnace chamber, the valuable metallic con 
stituents which are carried by fumes being 
thus returned to the charge. 
The results obtained by thus connecting 

a condenser into the circuit are indicated 
in Fig. 3. In this figure, the upper curve, 
marked A, represents the current in the 
transformer circuit and is a characteristic 
curve of the current obtained from an alter 
nating generator. The lower curve marked 
B, represents, the current in the condenser 
circuit and is a characteristic high fre 
quency current curve. The intermediate 
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curve, marked C, represents the current in 
the electric circuit due to the superposi 
tion of current B on current A. The irreg 
ularities in curve C indicate the higher fre 
quency obtained from this superposition. 05 

While the invention may be used with 
furnaces of other types, it is particularly 
valuable in connection with a furnace of 
the closed or Bennett type referred to. 

It will be understood that changes and 
variations may be made in the particular 
construction shown and described. The in 
vention is not, therefore, to be confined to 
such construction. 
What is claimed is:- 
. The combination with a furnace for 

melting metals, of means for delivering a 
main heating current directly to the charge 
in the furnace, and means for impressing on 
said main current a heating current of high 
frequency, the resulting current producing 
improved heating effects in the furnace due 
to the resistance of the charge to said cur 
rent. Y 

2. The combination with a furnace, for 
melting metals, said furnace having elec 
trodes arranged to deliver current directly 
to the charge in the furnace, of a low fre 
quency generator in circuit with the elec 
trodes, and means also in circuit with the 
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electrodes for impressing on the main cur 
rent a heating current of high frequency, the - 
resulting current being delivered to the 
charge in the furnace by the electrodes and 
producing improved heating effects therein 
due to the high resistance of the charge to 
said current. 

3. The combination with a furnace for 
melting metals, said furnace having elec 
trodes arranged to deliver current directly 
to the charge in the furnace, of a low fre 
quency generator in circuit with the elec 
trodes, a condenser also in circuit with the 
electrodes and operating to impress on the 
main heating current a heating current of 
high frequency, the resulting current being 
delivered to the charge in the furnace by 
the electrodes and producing improved heat 
ing effects therein due to the high resistance 
of the charge to said current. 

4. In the combination as claimed in 3, 
the condenser. Y-connected on the circuit. 

5. In the combination as claimed in 3, 
an electrolytic condenser. 

6. In the combination as claimed in 3, an 
electrolytic condenser Y-connected on the 
circuit. . 

7. The combination with a closed furnace 
for melting metals, of means for delivering 

3) a main heating current directly to the 
charge in the furnace, and means for im 
pressing on said main current a heating 
current of high frequency, the resulting cur 

rent producing improved heating effects in 
the furnace due to the resistance of the 
charge to said current. 

8. The combination with a closed furnace 
for melting metals, said furnace having 
electrodes arranged to deliver current di 
rectly to the charge in the furnace, of a 
low frequency generator in circuit with the 
electrodes, and means also in circuit with 
the electrodes for impressing on the main 
current a heating current of high frequency, 
the resulting current being delivered to the 
charge in the furnace by the electrodes and 
producing improved heating effects therein 
due to the high resistance of the charge to 
said current. 

9. The combination with a closed furnace 
for melting metals, said furnace having elec 
trodes arranged to deliver current directly 
to the charge in the furnace, of a low fre 
quency generator in circuit with the elec 
trodes, a condenser also in circuit with the 
electrodes and operating to impress on the 
main heating current a heating current of 
high frequency, the resulting current being 
delivered to the charge in the furnace by the 
electrodes and producing improved heating 
effects therein due to the high resistance of 
the charge to said current. 
In testimony whereof, I have hereunto set 

my hand. 
MORRIs H. BENNETT. 
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