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UNITED STATES
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PATENT CFFICE.

HOLLEY ¢. WELLMAN AND CEARLES D. GILPIN, OF CLEVELAND, QXID.

MELTING FOURNACD.

Applcation &fled Mey 17

Lo edl whom it neay concern:
3¢ it known that we, Hourey G Wennaax
and Cuanees DL Gioeix, citizens of  the
{nited States, residents ot Cleveland, county
5 of Cuvahoga., and State of Ohlo. have 1n-
vented new and useful Improvements m
Melting I'nrnaces. of which the following is
a specification, the principle of the invention
heing hervein explained and the best maode in
10 which we have contemplated applving that
principle. so as to distingnish it from other
1nventions.
Qur invention velutes to furnaces, snd
particularly to devices ol this charac-
15 ter adapted to melt pon-ferrous metais for
muking bronze. brass and similar castings.
The purpose of the invention is to provide a
furneee in which eas or oil can be utihized
as the heating medium, combined with elec.
irical heating, The object is to secure the
economy of mstallation and operation pos-
sible 1n gas or oil heating, and also. at ¢he
necessary stuge in the melting. secure the
neutral or reducing atmosphere in the fur-
nuve aml the éase of control in the heat sup-
ply. possible  through electric  heating.
Spectficallv. we heat the charge to a pomnt
where it approaches the oxuhizing tempera-
Ctare by means of the gns or oil heating. and
then finish the welting by means of eiectric
heating.  Also, we utilize the heating effect
of the gas or oil not only to raise the tem-
perature of the ¢harge, but also to bring an
electric heating element to a ' temperature
which will require 2 much smaller variation
in voltage than is usually required for the
operation of a furnace of the resistance type.
The annexed drawings and the following
deseription set forth in detail certain means
cmbodving our invention, the disclosed
means. however, constituting but one of the
various mechanical forms in which the prii-
ciple of the invention may be applied.
i suid snnexed drawings:
v Flenre 1 represents a vertieal, Jongntu-
dinal section of our improved furnace:
Fignre 2 represents a plan view of the
SR |
Ficure 3 represents a fragmeatary trans-
verse. verfical section taken in the piane in-
dicated by the line TIT—ITL, Figure 1:
IPigure 4 represents a horizontal section ot
another form of our improved furnace: one
of the are design. in which electrodes are
used for the electric heating; anc ia which
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view the arrangement is shown during the

heating by gas or oil;

ifigure 5 represents a view sinlar to that
of INigure 4, showing the conditions dur-
ing the electrie heating;

jgure G represents u vertical section of
the form of furnace shown in Fighres 4 and
5, tuken in the plane indicated by the line
VIV, Figiee 5

Figure T is 2 diagrammatic view. showing
the adaptation of tlie invention, when utilized
for several small units grouped on one trans-
former, auto-transformer or generator. for
ninking different allovs at the same time.

Referring to the annexed drawings: There
is tiulicated by the ordinal 1 a furnace body
of heat-resisting material rotatably mounted
in beerings 72 by means of trunnions 2, the
rotation or tilting of the furnace being ef-
fected through a suitable gear 3, pinion 4
and hand wheel 5. The furnace 1 is formed
with a chamber 6 within which s disposed &
ceitcible 7 adapted to hold the charge 8.
YWhen it is desirved to discharge the contents
of the crucible 7, the same is effected through
the spout 8. We do not wish, however, to
limit ourselves to the use of a ¢rucible, since,
if desived, the metal can be inelted upon u
hearth. Two flexible conductors 10 and 11
are shown connected respectively at the
points 12 and 13 with anv suitable main cir-
cuit. A removuable fop 14 is provided for
the furnace 1, which is disposed adjacently
the top of the crucible 7, the eleetric circuit
passing through said top and elso through
the field of a solenoid 15. The concductors
10 und 11 have sufficient slack to allow for
the necessary movements of the furnace 1
and the top 14. The specific path of the
cireitit through the top 14 tncludes two car-
bon electrodes 16 and 17, a heating ele-
ment 18 and two terminals 1§ connecting
the electrodes. respectivelv, to the conduc-
tors. The heating element 18 1s preferably a
carbon compound having a negative tem-
perature resistance coefficient so that 1ts
ohmic value is greater when cold than when
it is hot. The top is removed to one side of
the furnace when charging, by means of at-
taching the chains of & crane to hooks 49.
7t 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 oxidizaticn by any suit-
able means, the means herein shovwn being &
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small section 20 of the top 14, which top is

built of refractory material.

The solenoid 13 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 s
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 ccntmlledgy 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 flame into the chamber 6 is
indicated by the ordinal 34. The bevel gear
26 meshes with a bevel gear 85 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 c?mrge
8 by the gas or oil from the burner 34 will
gradually heat the element 18 decreasing the
ohmic value of the same, so thet an increas-
ing smount 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, ete., 1s utilized gradually io turn off the

s or otl at the valve 30 and to close the out-
et 36, so that the heating medium gradually
changes over from oil or gas to e ectricity.

We have provided adjustmeuts whereby
the amount of increasse of current Necessary
to effect n certain drop in the gas or oil can
be varied. Also, it will be noted tliat we

have keyed a crank 89 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 & series of various sized

werghts 42, 48, 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 cun be
set as required. Also, the conditions CaLn
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.
T'he differential in the pull of the solenoid
s 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
coll 15 and thus open up the valves 29 and
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 a-form of
furnace preferably of the rocking type, de-
signed to melt the charge upon a hearth, and
iIn which the electric heating is effected by
means oi striking and maintaining an are
between two electrodes 53 and 55. gI‘hre: fur-
nace wall is indicated by the ordinal 46 and
8 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 burner 51 is mount-
ed, and within the other of which is formed
s discharge outlet 50’ for the waste £as

products. As illustrated in these fioures,

the necessary heating by gas or oil is effected
by means of closing the doors 49 and 50 and
then, when it is dgesired to change over to
the electric heating, the doors 49 and 50 are
opened and the doors 52 and 34 containing
the electrodes are closed. The electrodes
are then adjusted to strike the desired are.

Referring to Figure 7. a diagram of an
arrangement is shown wheveby several smalj
furnaces may be grouped on one transformer,
auto-transformer or generator, to produce
different alloys. Due to the diversity feature
of the load, 1t will be possible to make the
continuous capacity of the immediate source
of power much smaller than the combined
peak loads of the various furnaces.
is mdicated by the ordinal 36 an alternating
current circuit, 57 denoting a switch and 58
an auto transformer, which furnishes dif-
ferential voltages to the conductors 59, G0
and 61 with respect to the conductors 62.
The electric heating elements or resistors are
Indicuted by the ordinals 63, 64 and 65, and
the several switches by the ordinals 66, 67
and 68. Regulating switches are indiented
by the ordinals 69, 70 and T1. 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 aroup
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-
sttates a re-heating of the furnace before it
becomes effective, when next it is desived to
utilize the same.

It is not necessary to interconnect the oy
and oil and electric heating in the manner
which we have described, nor to utilize the
electric current during the heating by rus
and oil. The two forms of heating may be
utilized absolutely separately, as. for in-
stance, illustrated in Figures 4. 5 and G.
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 flame
will be controlled 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 De-
comes heated, the ohmic value of the resis-
tor will decrease, thus allowing a greater
flow of current, which in turn will still
further leat 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 melting
condition. The solenoid regulating weights,
42. 43 and 44, will be so chosen that as the
charge approaches the temperature where
oxidation becomes a serious factor, the re-
sistor 18 will have been sufficiently heated
to allow the solenoid plunger 21 to be hited
by the resulting current, this lifting being
done in one or several stages by the means
of one or several of the welghts 42, 43,
14, as may prove desirable. This lifting of
the plunger 21 will, of course, shut off 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 électrical 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 1n-
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
oreatly increases the cost and complicates
the auxiliary apparatus. Of course, it will
be well known to those skilled in the art that

a

compressed air and oil or gas are available
in most foundries and are m 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 1s
a serious item, and where the furnace may
readily be kept under supervision. In the
event that metals of various melting points
are to he 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 heing continued
as long as may be desired.

The operation of the arc type of combina-
tion furnace shown 1 Figures 4. 5 and 6
will be somewhat similar to that of the re-
sistor tvpe except that the antomatic change
from fuel to electric heating would requre
much more complicated apparatus and there-
fore is probably not desirable. This 1s due
to the fact that the electrodes mmust neces-
sarily be protected from the flame of the
burners unless they be withdrawn by somae
stich 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 sad
doors with the electrode doors 52 and 54,
striking an are between said electrodes and
maintaining the same for the desired period.

Fither the tvpe 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 entirelv with electricity. This 15 a
very desirable condition, masmuch as alloys
which oxidize slightly may thus, 1f 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, 1t should be kept
in mind that the electric tyvpe of furnace 1is
oradually 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-
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 1s not
new to heat preliminarily by gas and later
by electricity in the same furnace or cham-
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ber, and we do not make elaim to any such
combimation of apparatus.  Our invention
relates to fuel and electric heating, and
neatis anterconnected <o that the operation
ot vne s affected by the other: or the use of
an clectrie heating element having a nega-
tive temperature resistance coeflicient anl
disposed within the heating area of oS or
otz or the use of vas and electric heating
eans so anterconnected as to be recipro-
cabiy repluceable in the furnace chamber:
ar the nse of a source of electric CNergy sup-

Plying various voltages  combined . with
neans  for selectively  heating charges 1n

varions turnaces with the desired voltuges
lrom said <ource of electric energy. We are
also advised that pas and electric heatingr
have  been combined in a  two.furnace
method, or inmethods in which the hearth
s positively removed from an area in which
its contents are subjected to vas heating to
all ared n which it it is subjected to electric
heating, but our claims relate to a one-fur-
aee method m owhich the furnace is main-
tatned inoa fixed position.

What we elaim 1s:

L. In 2 melting furnace, the combination
ol w chatnbered fiirmace body forming a re-
ceptiacle for the charge: means for heating
the charge with gas or oil icluding means
tor controlling said heating: and means for
heating the charge electrically including
means for controlling said heating, said twao
~¢ts of controlling means beinge intercon-
rected. |

2 tneo melting furnace, the combination
of a ctambered furnace body fornung a re-
ceptacle for the charge; means for heating
the charge with gas or oil; and means for
heating the charge electricall v, said two sety
of heatmg means being mterconnestetd] o
thiat an effective inerease in the electric heat-
i means results in oa decrease in the HE
or oil heating means.

3. dn a melting furnace, the combinatior
of o chambered furnace body forming a re-
ceptacle for the charge:; means for hewting

the charge with gas or oil: and means for

heatimg the charge electrically in the same
hentimge area, said two sets of heating means
beimg interconnected so that an effective in-
crease i the electrie heating means results
ima decrease in the oas or oil heating means.
. In o melting furnace. the combination
ol achambered furnace body forming a re-
ceptacle Tor the charge: wmeans for heating
the charge with gas or oil: means for heat-
ing the charge electrically, said two sets of
heating means being iterconnected so that
an cffective inerease in the eleetric heating
means results i a decrease in the ous or oil
heating means; and means for varving the
ratios between said inerease and decrease.
&. In a melting furnace, the combination

1,440,515

ot a chambered furnace body forming a re-
ceptacle for the charge: means for heating
the charge with gas or oll; means for heat-
mg the charge electrically, said two sets
of heating means being interconnected s
that an effective increase in the electric heat-
g means results in a deerease in the Tas or
o1l heating means: and means for varying
the ratios between said increase and de.
crease 1n 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 oill: an electrical
heating element disposed within the heating
area of said gas or oil and having a nega-
tive femperature resistance coeflicient ; and
means for heating the charge electrically,
sald element heing iisposed in the cireunit of
sald electrical heating means.

. In a nmelting turnace, the combination
of a chambered furngce 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 ureg
ot saird gas or otl and ha VINg g negative tem-
perature resistance coeflicient: means for
heating the charpe electrically, said element
being: disposed 1 the circuit of eaid eleo.
trical heating means: and means influenced
hy a gradual effective increase in the electric
heating to effect a corresponding decrease in
Lie gas or oil heating means.

S du a melting furnace, the combination
of a chambered furnaee body; a erucible Jdis-
posed therein: a top of refractory material
tor said body disposed adjacently the top of
sald crucible: a heating element 1 bedded]
tn sald top ad) acently sard crueible and hav-
ing 4 negative temperature resistance co-
clicient: an electric cirenit within whicly
sitid elenrent is contained : means furnishing
heating vas or oil to said chamber: and
eans - connected to said  last - mentioned
means and sakd cirenit and adapted to re-
duce the heating value of said ras ot oll cor-
respondmg to the increase in the electric ojp-
it

o Ina melting furnace, the combination
ot a chambered furnace body: a erucible dis-
posed therein; a top of refractory mate-
rial for said body disposed adjacently the
top of said crucible; a heating element im-
bedded 1n said top adJacently said crucible
and having a negative temperature resist-
Aree (*n-ﬁff{z*ient; an eleetrie cireuit within
which saild element s contatned : means fiir-
nishing heating gas or oil to said chamber :
a solenoid forming part of said electric cip.
cuit; valves in the gas or oil line and in the
chaniber waste outlet ; and means connected
to said valves and the plunger of said sole-
noid,
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10. 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 he vt
ing the chavge ele (*tu(*alh . means influenced
iw an eﬁwtn*ﬂ inerease in the electrie heat-
ng and teniing to decrease the gas or 01l
heatmgﬂ il d(l ustable means {*ummkhnw
the fsz*tmnmf“ of =aiil mhtmu—_utu_mm_a
TEeRnNs.

11, In a melting furpace. the comt bhination
of a chambered furnace m;ah forming a ve-
cep stacle for the charge: means for heatwny
the charge with gas or oil : an electrieal heat
1Ny e]ement dis) m-ul within the hesting area
of Sdl(] @as Or m! and having o negative teni-

porature 1““-1fa1l1m' coefficieni s mieans for
heating the charge electrieatiy, su1d clenment
heing disposed in the ciremt of waid elees

irieal m“a%mw mieans: mesns nfinenced by

an affective merease 1n (he electrie beating
and tendinge to decroase E fuel heastmg

o

and adjustable means controlling the ne-
110111110' of =aid last-mentioned means,

12. In 2 meiting Hiirnace, Hw coivthiinat on
of a chambered im'ndw }mh fornung a re-
ceptacle for the charge:s means for lenting
the oh arge with ons o1 o e Ao ren-
dering saio healing nenns Hlt Hw* YO
for heatine the charge eleetyioails in
LHEIELE hmﬂ.lih;_-;" aren s fhie ;;;jﬂtt:r% .EI=,n'i_*:tEE'Ll'E;L"; 130
means Tor  renderiing =saud clecirie heating
SN LI Ie,

13, in LU 'Ei'-!i;afn’ 'Hrav'*f"ﬁ'h" m'ai;:;-f:;:n_"z'q:'a_w
metals oo P i '
hination EE" :~:.{*~‘-L‘ia"~z-;a. I:"ilti
hodies forming peven
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