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To ?till thon, if y(ty coucern: 
Be it know in that we, Holi, EY (i. 

f 
... 

Eii. 
and C: 1 \i i Es (ii, PIN. citizens of the 
(inited States, residents of Cleveland, county 
of yahoga, and State of Chio. have in 
yeintetl new and useful in pro veinents in 
yielting Furnaces, of which the following is 
a specification, the principle of the invention 
leing he'ein explained and the best mode in 
which we have contenplated applying that 
principle, so as to distinguish it from other' 
inventions. 

{}ur ii vention relates to furnaces, and 
articularly to devices of this charac 

tei' (lated to inet ion-ferrous neta is for 
laking 'Onze brass and silnilar castings. 
he surpose of the invention is to provide a 

fli'i) ace in which gas or oil can be utilized 
as the heating editi), coinai)iied with elec 
irical heating. The object is to secure the 
econ () lay of installation alk operation pos 
sile in gas or oil heating, and also, at the 
necessary stage in the melting. sectare the 
neutral or reducing atmosphere in the fir 
lace and the ease of control in the heat Sup 
ly, possible through electric heating. 

Specifically, we heat the charge to a point. 
where it approaches the oxidizing tempera 
ture by in eans of the gas or oil heating, and 
then finish the melting by means of electric 
heating. Also, we tilize the heating effect 
of the gas or oil not only to raise the ten 
perate of the charge. but also to bring an 
selectric heating elenient to a temperature 
which will require a mueh smaller variation 
in voltage than is usually required for the 
operation of a furnace of the resistance type. 
The annexet (rawings and the following 

clescription set forth in detail certain means 
enyodying our invention, the disclosed 
teans, howeve', constituting but one of the 
vario is lechanical forms in which the rin 
ciple of the invention may be applieci. 

said annexed drawings: 
Figure 1 represents a vertical iongiti 

in a section of our inapi'oved furnace: 
Figure 2 represents a plan view of 

SR 
Figure 3 represents a fragmentary trans 

verse, vertical section taken in the piane in 
dicated iv the line - Figure i: 

Figure 4 represents a horizontal section of 
another' form of our in proved furnace; one 
of the arc design, in which electrodies are 
used for the electric heating; and in which 

the 
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heating by gas or oil; 
figure 5 represents a view similar to that 

of Figure 4, showing the conditions dur 
ing the electric heating; d 

Figure (3 i'epresents a vertical section of 
the foil of furnace show in in Figil res 4 and - - 

taken in the piane indicated by } the line 
V - Vi. Figure 5: 

Sigire is a diagrammatic view, showing 
the adaptation of the invention, when utilized 
for several small units grouped on one trans 
former, auto-transformer or generator, for 
liaiking (iffei'ent alloys at the same time. 
Referring to the annexed drawings: There 

is indicated by the ordinal i a furnace body 
of heat-'esisting material rotatably mounted 
in bearings 72 by means of fruininions 2, the 
rotation or tilting of the furnace being ef 
fected through a suitable gear 3, pinion 4 
and hand wheel 5. The frnace i is forined 
with a chamber 6 within which is disposed a 
crucible 7 adapted to hold the charge 8. 
then it is desired to discharge the contents 
of the crucible , the same is effected through 
the spout 9. We do not wish, however, to 
limit ourselves to the use of a crucible, since, 
if desired, the metal can be melted upon a 
hearti. Two flexible conductors 10 and ii. 
are shown connected respectively at the 
points 12 and 13 with any suitable main cir 
cuit. A removable top 14 is provided for 
the furnace 1, which is disposed adjacentiy 
the top of the crucible i, the electric circuit. 
assing through said top and also through 

the field of a solenoid 15. Fhe conductors 
10 and 11 have sufficient slack to allow for 
the necessary movements of the furnace 1 
and the top 14. The specific path of the 
circuit through the top 14 includes two car 
bon electrodes 16 and 17, a heating ele 
ment 18 and two terminals 19 connecting 
the electrodes, respectively, to the conduc 
tors. The heating element 18 is preferably a 
carbon compound having a negative tem 
perature resistance coefficient so that its 
ohmic value is greater when coid than when 
it is not. The top is removed to one side of 
the furnace when charging, by means of at 
Eaching the chains of a crane to hooks 45. 
it will be noted that the heating element, 
18 is disposed in the vicinity of the chamber 
6, so as to be heated by the gas or oil, but 
is protected from oxidization by any suit 
able means, the means hereis shown being 2, 

the arrangemeini is shown during he 
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Small section 20 of the top 14, which top is 
built of refractory material. 
The solenoid 15 has a plunger 21 formed 

on one side with teeth 22 adapted to mesh 
with a pinion 23, keyed to a shaft 24. To 
this shaft 24 are also keyed upon opposite 
sides of the furnace 1 two bevel gears 25 
and 26. The bevel gear 25 meshes with a 
bevel gear 27 keyed to a shaft 28. This 
shaft, 28 is connected to a valve 29 controlling 
the air furnished to the mixer through air 
line 31. The gas or oil is controlled by the 
valve 30 having connections with the fuel 
line 32. Check valves 33 are provided in 
each of the lines 31 and 32 to prevent air 
from backing up into the gas or oil pipes, or 
vice versa, in the event that one of the valves 
30 or 29 is closed. The mixer and burner 
directing the fiame into the chamber 6 is 
indicated by the ordinal 34. The bevel gear 
26 meshes with a bevel gear 35 keyed to a 
shaft 36 which in turn is secured to the waste 
outlet valve 37. 

It is apparent from the foregoing de 
Scription that the early heating of the charge 
8 by the gas or oil from the burner 34 will 
gradually heat the element 18 decreasing the 
ohmic value of the sane, so that an increas 
ing amount of current can be transmitted 
through the electric circuit, the solenoid plun 
ger 21 gradually being drawn into the coil 
15, which action, through the teeth 22, gear 
23, etc., is utilized gradually to turn off the 
gas or oil at the valve 30 and to close the out 
let 36, so that the heating medium gradually 
changes over from oil or gas to electricity. 
We have provided adjustments whereby 

the amount of increase of current necessary 
to effect a certain drop in the gas or oil can 
be varied. Also, it will be noted that we 
have keyed a crank 39 to the end of the 
shaft 24, upon which crank is hung a weight 
38, whose position can be adjusted. For 
controlling the drop in the gas heating, we 
have provided adjacently the bottom of the 
solenoid plunger 21 a series of various sized 
weights 42,43, 44, etc., which can be picked 
up at predetermined positions by the plun 
ger 21, whereby the necessary electric force 
to pull the plunger 21 into the coil 15 can be 
set as required. Also, the conditions can 
thus be changed or adjusted so as to require 
varying amounts of current to lift the plun 
ger 21 through different parts of its stroke. 
The differential in the pull of the solenoid 
is equalized by the differential in the pull 
of the weights. In order that, if the elec 
tric current is unexpectedly interrupted, the 
plunger 21 may not drop away from the 
coil 15 and thus open up the valves 29 and 
30, we have provided a pawl 41 adapted to 
co-operate with ratchet teeth 40 formed upon 
the side of the plunger 21 opposite to that 
upon which the teeth 22 are formed. 

Referring particularly to Figures 4, 5 
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and 6, there is therein disclosed as form of 
furnace preferably of the rocking type, de 
signed to melt the charge upon a hearth, and 
in which the electric heating is effected by 
means of striking and maintaining an arc 
between two electrodes 53 and 55. The fur 
nace wall is indicated by the ordinal 46 and 
a feed mouth for the same by the ordinal 47, 
the discharge spout being indicated by 48. 
Two sets of doors are provided, 52 and 54, 
within which are mounted the electrodes 53 
and 55 respectively, and 49 and 50, within 
One of which a gas or oil burnel 51 is mount 
ed, and within the other of which is formed 
a discharge outlet, 50' for the waste gas 
products. As illustrated in these figures, 
the necessary heating by gas or oil is effected 
by means of closing the doors 49 and 50 and 
then, when it is desired to change over to 
the electric heating, the doors 49 and 50 are 
opened and the doors 52 and 54 containing 
the electrodes are closed. The electrodes 
are then adjusted to strike the desired arc. 

Referring to Figure 7, a diagram of an 
arrangement is shown whereby several small 
furnaces may be grouped on One transformer, 
auto-transformer or generator, to produce 
different alloys. Due to the diversity feature 
of the load, it will be possible to make the 
continuous capacity of the immediate source 
of power much smalier than the combined 
peak loads of the various furnaces. There 
is indicated by the ordinal 56 an alternating 
current circuit, 5 denoting a switch and 58 
an auto transformer, which furnishes dif 
ferential voltages to the conductors 59, 60 
and 61 with respect to the conductors 62. 
The electric heating elements or resistors are 
indicated by the ordinals 63, 64, and 65, and 
the several switches by the ordinals 66, 67 
and 68. Regulating switches are indicated 
by the ordinais 69, 70 and 71, so that any 
particular furnace can be supplied with volt 
age 59-62, 60-62, or 61-62. This ar 
rangement readily lends itself to an eco 
nomical and flexible installation for a group 
of furnaces. 
Our improved furnace will be found of 
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particular service in small plants, where, 
due to the non-continuity of operations, the 
shutting down of the electric heating neces 
sitates a re-heating of the furnace before it 
becomes effective, when next it is desired to 
utilize the same. 

It is not necessary to interconnect the gas 
and oil and electric heating in the manner 
which we have described, nor to utilize the 
electric current during the heating by gas 
and oil. The two forms of heating may be 
utilized absolutely separately, as for in 
stance, illustrated in Figures 4, 5 and 6. 
The separate and independent heating also 
would be feasible with the apparatus shown 
in Figures 1, 2 and 3. 
The methods of operation would be varied 
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for melting various kinds of materials, but 
for making castings out of brass or bronze 
ingots, the operation would be about as fol 
lows: 
The charge is placed in the crucible after 

first moving the top 14 to one side and the 
oil or gas burner then lighted. A constant 
potential will be connected to 12 and 13. 
The proper weights 42. 43, 44, etc., will be 
placed in the solenoid mechanism, these 
weights having been determined by past ex 
perience in melting the same metal. During 
the early stages of the heating, the fiame 
will be controllied by the operator by means 
of valves of the usual kind (not shown). 
At first, the current through the resistor 18 
will be negligible, but as the furnace je 
comes heated, the ohmic value of the resis 
tor will decrease, thus allowing a greater 
flow of current, which in turn will stili 
further heat the resistor, allowing more 
current to flow. If it is desired, the cur 
rent need not be thrown through the resis 
tor until the latter has been well heated and 
the charge has nearly reached the meiting 
condition. The solenoid regulating weights, 
42, 43 and 44, will be so chosen that as the 
charge approaches the teaperature where 
oxidation becomes a serious factor, the re 
sistor 18 will have been sufficiently heated 
to allow the solenoid piunger 21 to be lifted 
by the resulting current, this lifting being 
done in one or several stages by the means 
of one or several of the weights 42, 43, 
44, as may prove desirable. This lifting of 
the plunger 21 will, of course, shut of the 
air and fuel valves 29 and 30 and close the 
waste gas valve 37 by one or several steps 
so that the source of heat will immediately 
or gradually become entirely electrical and 
the oxygen from the outside will be cut off. 
Heating will then proceed as in the case 
of an ordinary electric furnace of the re 
sistance type. 

Almost any combination of automatic 
control for this electric heating can be in 
stalled, ranging from a simple overload cir 
cuit breaker, which can be set to interrupt 
the current when the latter reaches a prede 
termined point, to a more or less elaborate 
arrangement of contactors controlled by a 
pyrometer, and arranged to increase or de 
crease the voltage by small steps in order to 
hold the final temperature constant. It 
should be noted, however, that any such ar 
rangement need cover only a comparatively 
small range of voltage owing to the pre-heat 
ing of the resistor; whereas, in the straight 
electric furnace using this type of resistor, a 
voltage range of as high as four to one may 
be necessary in order to obtain the desired 
results. This necessary range of voltage 
greatly increases the cost and complicates 
the-auxiliary apparatus. Of course, it will 
be well known to those skilled in the art that 

R 

compressed air and oil or gas are available 
in most foundries and are in any event 
readily and economically provided. The 
automatic control of the fuel supply, as 
well as of the electric current, may be dis 
pensed with in cases where original cost is 
a serious item, and where the furnace may 
readily be kept under supervision. In the 
event that metals of various melting points 
are to be combined in the furnace, the origi 
nal charge can consist of the metal having 
the highest melting point, and the automatic 
device may be set for such metal. When 
it reaches the proper temperature, the cover 
14 may be removed and the other metals 
added, the electric heating being continued 
as long as may be desired. 
The operation of the arc type of combina 

tion furnace shown in Figures 4, 5 and 6 
will be somewhat similar to that of the re 
sistol type except that the automatic change 
from fuel to electric heating would require 
much more complicated apparatus and there 
fore is probably not desirable. This is due 
to the fact that the electrodes must neces 
sarily be protected from the fiane of the 
burners unless they he withdrawn by some 
such device as shown in said figures. The 
melting of the charge in this furnace, there 
fore, consists in pre-heating the charge to a 
desirable point by means of closing the fuel 
doors 49 and 50, and then replacing said 
doors with the electrode doors 52 and 54, 
striking an are between said electrodes and 
maintaining the same for the desired period. 

Either the type of furnace shown in Fig 
ures 1 to 3, or the type shown in Figures 
4 to 6 may be operated entirely with 
fuel or entirely with electricity. This is a 
very desirable condition, inasmuch as alloys 
which oxidize slightly may thus, if desired, 
be melted entirely with fuel, while those 
which oxidize particularly easily can be 
melted entirely by electricity. Furthermore, 
a failure either of the fuel or electric power 
would still leave the furnace in commission. 

Insofar as the desirable features of elec 
tric heating are concerned, it should be kept 
in mind that the electric type of furnace is 
gradually replacing the crucible and other 
processes, so that, although until recently 
used largely for the melting of silver and 
bearing metal alloys, it is now used for brass 
of all kinds, aluminum, various alloys and 
other materials. New non-ferrous combi 
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nations and new uses for the common non 
ferrous metals and alloys are constantly de 
veloped, for which the use of the electric 
heating feature of our furnace is very de 
sirable, at the same time preserving for the 
early stages of the melting the low cost 
of operation possible in gas or oil melting. 
We are aware of the fact that it is not 

new to heat preliminarily by gas and later 
by electricity in the same furnace or cham 
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her, and we do not make claim to any such 
combination of apparatus. Our invention 
relates to fuel and electric heating, and 
means interconnected so that the operation 
of one is affected by the other; or the use of 
an electric heating element having a nega 
tive temperature resistance coefficient and 
disposed within the heating area of gas or 
oil; or the use of gas and electric heating 
eans so interconnected as to be recipro 

cably replaceable in the furnace chamber; 
or the use of a source of electric energy Sup 
plying various voltages combined with 
means for selectively heating charges in 
various furnaces with the desired voltages 
fron said source of electric energy. We are 
also advised that gas and electric heating 
have been combined in a two-furnace 
method, or in methods in which the hearth 
is positively removed from an area in which 
its contents are subjected to gas heating to 
an area in which it it is subjected to electric 
heating, but our claims relate to a one-fur 
nace method in which the furnace is main 
tained in a fixed position. 
What we claim is: 
1. in a melting fu inace, the combination 

of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil including means 
for controlliing said heating; and means for 
heating the charge electrically including 
means for controlling said heating, said two 
sets of controlling means being intercon nected. 

2. In a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; and means for 
heating the charge electrically, said two sets 
of heating means being interconnected so 
that an effective increase in the electric heat 
ing means results in a decrease in the gas or oil heating means. 

3. in a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; and means for 
heating the charge electrically in the same 
heating area, said two sets of heating means 
being interconnected so that an effective in 
crease in the electric heating means results 
in a decrease in the gas or oil heating means. 

4. In a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; means for heat 
ing the charge electrically, said two sets of 
heating means being interconnected so that 
an effective increase in the electric heating 
means results in a decrease in the gas or oil 
heating means; and means for varying the 
ratios between said, increase and decrease. 

5. In a melting furnace, the combination 

1,440,515 

of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; means for heat 
ing the charge electrically, said two sets 
of heating means being interconnected so 
that an effective increase in the electric heat 
ing means results in a decrease in the gas or 
oil heating means; and means for varying 
the ratios between said increase and de 
crease in different portions of the heating 
range. 

6. In a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; an electrical 
heating element disposed within the heating 
area of said gas or oil and having a nega 
tive temperature resistance coefficient; and 
means for heating the charge electrically, 
said element being disposed in the circuit of 
said electrical heating means. 

7. In a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacle for the charge; means for heating 
the charge with gas or oil; an electrical heat 
ing element disposed within the heating area 
of said gas or oil and having a negative tem 
perature resistance coefficient; means for 
heating the charge electrically, said element 
being disposed in the circuit of said elec 
tricai heating means; and means influenced 
by a gradual effective increase in the electric 
heating to effect a corresponding decrease in 
the gas or oil heating means. 

8. In a meiting furnace, the combination 
of a chambered furnace body; a crucible dis 
posed therein; a top of refractory material 
for said body disposed adjacently the top of 
said crucible; a heating element imbedded 
in said top adjacently said crucible and hav 
ing a negative temperature resistance co 
efficient: an electric circuit within which 
said element is contained; means furnishing 
heating gas or oil to said chamber; and 
means connected to said last - mentioned 
means and said circuit and adapted to re 
duce the heating value of said gas or oil cor 
responding to the increase in the electric cir cuit. 

9. In a melting furnace, the combination 
of a channbered furnace body; a crucible dis 
posed therein; a top of refractory mate 
rial for said body disposed adjacently the 
top of said crucible; a heating element im 
bedded in said top adjacently said crucible 
and having a negative temperature resist 
ance co-efficient; an electric circuit within 
which said element is contained; means fur 
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nishing heating gas or oil to said chamber; 
a solenoid forming part of said electric cir 
cuit; valves in the gas or oil line and in the 
chamber waste outlet; and means connected 
to id valves and the plunger of said sole ROC, 
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10. In a melting furnace, the combination 
of a chambered furnace body forming a re 
ceptacie for the charge; means foi' heating 
the charge with gas or oil; means for heat 

5 ing the charge ejectically ; means influenced 
by an effective increase in the eiectric heat 
izig and to deci'ease the gas or oil 
heating; a ustairie in eans controlling 
the finctioning of Said ast-innentioned 
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