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35 Claims.

This invention relates to ‘metallurgical appa-
ratus, particularly to an electrical furnace for
melting metal or for maintaining it in a.molten
condition and to the method of operating the
same, and has for an object the provision of
improvements in this art. The apparatus is ap-
blicable to the melting or treatment of various
metals and alloys but inasmuch as the present
embodiment. has been employed and is illus-

trated in conjunction with related apparatus for

refining copper and other easily oxidizable met-
als, it will be described with special reference to
such an employment; but this is done without
any intention of limiting the scope of the inven-
tion thereby.

In the accompanying drawings which illustrate
this embodiment of the invention;

Fig. 1 is a plan view of the electrical furnace
which is the special subject of the present ap-
blication, together with certain related appara-
tus; o

Fig. 2 is a side elevation of the furnace with
one of the heating units removed;

Fig. 3 is an elevation of the pouring end of

5 the furnace taken on the line 3—3 of Pig. 1;

Fig. 4 is an elevation of the charging end of
the furnace taken on the line 4—4 of Fig. 1;

Fig. 5 is a vertical axial section taken on the
line 5—5 of Fig. 1; .

Fig. 6 is a vertical section taken on the line
6—6 of Fig. 1;

Fig. 7 is a transverse vertical section taken on
the line 1—T of Fig. 1; .

Fig. 8 is a section taken on the line 8—8 of

3 Fig. 7; :

- Flg. 9 is a composite diagram showing the
shape of the metal channel for a heating unit
taken at several places indicated in Fig. 7; and
Fig. 10'is a diagrammatic view of the furnace
‘in position for the removal of a heating unit.
The plant with which the present apparatus
has herein been illustrated is shown in full in
my co-pending application Serial Number

. $19,474 filed June 27, 1932, Patent Number

2,060,134, November 10, 1936, and is shown in
Substance in my co-pending application Serial
Number 535,829, filed May 8, 1931, Patent Num-
ber 2,060,133, November 10, 1936. Those parts of

the plant which are closely associated with the

present apparatus are shown in Fig. 1 and com-

(CL 13—29)
prise the hearth B of a two-hearth oscillating

furnace, a hood 15 enclosing the space between -

the hearth B and the furnace {6 about the spout
IT (see Fig. 5), a hood 18 and strainer i9 en-
closing the space between the furnace 1§ and

a mold 20 about the spout 2§ (see Fig. 6), and a.

wheel 22 for supporting a plurality of molds.
As shown in Fig. 7, the furnace 16 comprises a
single horizontal cylindrical hearth or chamber
25 which is oscillatable about its axis Z for pour-
ing metal or for tilting the furnace for the re-
moval of a heating unit. “Cylindrical” here does
not necessarily refer to a right circular cylinder
but is used in its broad sense to refer to g hearth
which is of substantially uniform cross section
throughout its length in the lower metal holding
portions. thereof. The furnace chamber 25 is
lined with refractory material 26 which is sup-
ported by a substantial metal casing 21. The
lining may either be of rammed material or of

- shaped firebrick, the latter being employed in

the furnace as actually huilt. A sheet of asbestos
is preferably placed between the lining and the
shell for heat insulation. The casing may be
formed by sheets of steel reinforced by angle bars
which are bolted together. 'The upper sheets
form = top 28 which may be unbolted and re-
‘moved by hoisting means, lifting eyes 29 being
provided for this purpose, to provide access to
the interior for placing the lining. Openings 30
which are normally sealed by the caps 31 and
which are plugged up, as shown, when not used,
permit gases of any desired kind to be piped into
the furnace, :

Supporting rails 32 are secured beneath the
hearth casing and these rails rest (Figs. 2 and 3)
-upon flanged wheels 33 supported upon shafts 34
carried by bases 35.

Means are provided for oscillating the furnace.
Referring to Figs. 2 and 3, an arcuate rack 37 is
secured to one end of the casing. Upon one of
the roller shafts 34 there is rotatably disposed a
gear 38 which is in mesh with the rack-31. A
drive pinion 39 is mounted upon a pinion shaft
40 in’ operative relationship with the gear 38.
The shaft 40 is provided ‘with a flexible connec-
tion 4i. Referring to Figs. 1 and 2, the shaft §1
.1Is driven through a gear train of the non-back-
drive type housed within a gear case 42 by a
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movement of the furnace to either side of a cen-
tral position is restricted to a predetermined
value by a limit switch device 43.. Lugs 45 are
attached to the right hand rail (Figs. 2 and 4)
to form an extreme limit means. A solenoid brake

44 quickly stops the motcr when the current is -

cub off. :
The furnace may be charged with solid metal
which is to be melted or with molten metal which
is to be maintained in the molten condition until
it is poured. Herein the furnace is shown to be
equipped for the latter scheme of operation, so,
as shown in Fig. b, it is provided with an opening
£7 in the top at one end for receiving molten
metal from the spout 17 of the melting furnace.
While the furnace is shown as & unit of a plant
wherein molten metal is supplied, the furnace it-
self is constructed for separate melting. For this
purpose it is provided with a bafie 48 extending
from the roof down below the normal lowest
metal line. This keeps the solid and coldest
metal (which is also the most impure) near the

.charging end and away from the pouring end of
- the furnace.

It also retains gaseous elements
created during the refining, as for example, zinc
components when melting brasses.

-~ The plant or system is designed to produce
metal of great purity. In particular atmospheric
oxygen is kept out of the system. The furnace
16 and the hearth B of the melting furnace have
movement relative. Yo each other, so the con-
necting enclosure is articulated to accommodate
this movement while ‘at the same time excluding
air. Herein (Fig. 5) the end of the hood (&

5 is rigidly attached to the furnace 16 and is pro-

vided with & flat vertical end surface which slides
along the face of a vertical plate 88 which is
attached to the hearth B. The plate is adjust-
able and spring pressed against the end of the

" hood and in all positions remains sealed about

the spout {7. This articulated hooded connec~
tion need not be considered in detail herein since
it is fully described in another application.
At the pouring end of the furnace there is
likewise relative movement between the spout 2
and the mold 26.

strainer 19. The strainer is vertically movable
so that it may be seated upon the upper end of

‘a mold when the latter arrives therebeneath, or

may be raised when the mold is full of metal.
As shown in Fig. 6 the hood {8 is rigidly secured
to the strainer and its flat vertical end face is
slidable along the face of & vertical plate 49
which is secured to the furnace {6. The plate

is adjustable and spring pressed against the end"

of the hood-and is at all times sealed about the

spout 21. This articulated connection is also de-_

scribed in detail in another application.
Not only are the furnace and all of its connec-

keeping ‘the metal pure or for purifying it if it
should be contaminated. This may be produced
by gas injection or by a suitable covering for the
molten metal: Herein a covering of carbon C is

. shown upon the bath P of metal in the furnace.

70

%

Carbon is a strong deoxidizing agent and also
serves to maintain carbon monoxide-‘gas in the
furnace chamber under a slight pressure where-
by if there is any leakage through the articu-
lated connections it will be outward and not in-
ward. . o

A bafile 58 extends downward toward the spout
21 to retain the covering within the furnace:

The articulated connection
here (Fig. 6) includes the hood {8 and the

3,102,5’82

The metal beyond this baffie does ndi; enter fully

into the general circulation which is maintained
within the main bath and is likely to freeze. If
metal freezes here it is difficult to remove since
the enclosing hood -makes it inaccessible. So

means are provided for heating the metal here

to keep it molten. This means, as shewn in
Fig. 6, comprises resistors i connected in an
electrical circuit by electrodes 52. The resistors
and electrodes are placed above the metal but
are subject to injury-by splashing metal so &
thin refractory plate 53 is placed between them
and the metal to protect them.

An opening 54 (Fig. 5) is provided in the end

‘of the furnace for charging carbonaceous or

other material, for sighting into the furnace, or
for attaching a frame carrying a pyrometer for
measuring the temperature in the furnace. This
opening is closed by a refractory lined door §8.
The door is vertically slidable behind guldes 58
and may be sealed tightly against the furnace by
hand screws 51 threaded through the guides.
The door is supported by chains §8. Referring
to Figs. 2 and 3, the chains are suspended from
pulleys 58 which are fast on a hoist shaft 60.
The shaft is rotatably supported on columns g4

10 -

15

20

25

which are secured to the top of the furnace

casing. - The weight of the door is partially
balanced by counterweights 62 suspended by
cables 63 attached to pulleys 64 fast on the
shaft 60. The cables pass forward over idler
pulleys 68 fast on an idler shaft 66 which is sup-
ported in bearipgs upor the columns. The
counterweights are kept in alignment in all tilted
positions of the furnace by strap guides §7. The
shaft 60 is rotated by a worm and gear connec-

30

tion 68, 68 from a shaft 78 by a chain 71 passing -

around a notched shieave 72 fast on the shaft.

The deor is provided with a removable sight
glass mounting 73 for affording a view into the
interior of the furnace. ’

Means are provided for heating the bath of
metal and stirring it into frequent and intimate
contact with the carbon covering. The heating
means preferably comprises a plurality of elec-
trical transformer units 71, As shown in Figs. 1
and 2, there are two such units in use and g third
position for another unit, which is blanked off
by lining material’ and ‘a cap 78. If desired
more units may be provided and preferably each
init is supplied with current from oneé phase
of a multi-phase source of current.

- The transformer units require cooling and for
this purpose air is supplied by branch conduits
19 leading from a trunk conduit 80. The branch
conduits are provided with control dampers 82.

_As shown in Figs. 3 and 5, the conduit 80 ex-

40
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tends to the end of the furnace where it is turn- -

_ably connected at the axis of oscillation Z of the

: _ furnace with a supply conduit 81.
tions sealed but a non-oxidizing or deoxidizing .
condition is maintained within the furnace for’

Referring to Figs. 7.and 8, the furnace casing

- 80

27 is provided with a flanged tubular extension -

84 for each heating unit. To this is bolted the
shell 85 of the unit. ‘It is desirable to electrically
insulate the heating transformer shell from the
furnace casing. This is done in such a way as
to avoid the installation,of the insulation at the
time when the unit is attached to the casing. It
will be realized that the units may be replaced
while the furnace is in operation and in such a
case the replacement must bz effected so quick-
1y that there is little time for placing insulation.
As seen in Fig. 8, this is accomplished by bolting

65

70

a plate 86 to the shell by insulated bolts 87, with -

& sheet of insulating material 88 placed between

75
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the shell and the plate. This can be done before
the units are brought to the furnace. ‘When at-
taching the unit to the furnace the plate 86 is
bolted directly to the extension 84 by bolts 88,
no electrical insulation being used.

The heating units are supported upon brackets
80 which are attached to the furnace shell. The
mounting of the unit upon the brackets is also
designed for speed of replacement. Plates 91
are secured by electrically insulated bolts 82 to
the brackets, there being electrical "insulating
sheets 93 between the plates and brackets.
‘When' attaching the heating unit to the furnace

it is placed with its feet 84 upon the plates 81 and -

slid endwise until it connects with the flanged
extension 84. The feet 94 are then secured to
the insulated plates 9! by bolts 85, no electrical
insulation being necessary unless the bolts pass
through the plate 91. Even then no insulation

is required between the feet 94 and the plates 91, .

so that the sliding movement may be quickly ef-
fected and without injury to any insulation.
The shell 85 of the heating unit, which is pref-
erably of a non-magnetic material like bronze,
comprises a lower portion 85a, including bottom
and sides, and a cover 85b. This construction
Dermits the refractory lining 96 to be rammed
into place in a sidewise direction with respect to

- the plane of the loop channel 971 which is pro-

30

40

60
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75

duced, thus insuring ease of ramming, a more
perfect lining, and a ready inspection of the
same. Both the bottom and cover of the shel]
are divided and electrically insulated in a medial
plane which is perpendicular to the plane of the

loop and axially aligned with the axis of the loop.

The general features of the divided induction
heating casing providing for convenient placing
of lining material are described and claimed in
my Patent No. 2,060,136, November 10, 1936.
The method of ramming the lining material in
such a casing is disclosed and claimed in my
Patent No. 2,008,732, July 23, 1935,

A transformer core 98 in the shape of a closed
E has its central leg inserted through the shell
within the channel loop. A primary coil 99 is
placed upon this central leg within the opening
through the shell, The coil is partly within the
plane of the channel loop. When metal is dis-
posed in the loop it forms the secondary of the
transformer. The plane of the transformer core
is perpendicular to the plane of the channel loo‘p
and also perpendicular to the axis of the loop,
1. e, perpendicular to the vertical plane of division
of the shell 85.

The through opening of the shell is encased by
a tubuwlar shell member 100, which is insulated
from the other portions of the shell and which is
preferably composed of a non-magnetic material
such as bronze. This member is provided with
axial ribs 101 on its inner surface for more rapid
and efficient cooling by the ait blast from the
conduits 79 and is lined on its outer surface by
a strip of high melting point metal 102 such as
steel in the plane of the channel loop to avoid
leakage ‘of metal to the transformer coil. Any
leakage through the refractory lining would most
likely occur in the plane of the channel loop.

Heré it may be noted that the plane of the
channel loop is parallel to and passes consider-
ably below the axis of rotation Z of the furnace.
This permits both legs of the loop to be filled

with metal simultaneously from the bottom up--
-ward when the furnace is tilted for that purpose,

it being understood that the tilting is not too
sudden. The arrangement is also conducive to

3

good circulation of metal across the furnace be-
neath the carbon covering so as to obtain good
contact therewith. At no time in normal opera-
tion do the planes of the channel loops drop be-
low 45 degrees with the horizontal.

The loop is circular on its inner surface 97q at
the side toward the furnace. Beyond this a
pocket 103 extends into the furnace through the
lining thereof in a width which is equal to the
greatest diameter of the outside of the loop,
which diameter lies in the plane of the trans-
former core. The loop on the side away from
the furnace is somewhat in the shape of the
letter V is rounded at $7b across the junction
of the legs of the V. It does not come to a
sharp angle or point. In fact if the straight sides
were extended the junction thereof would lie
wholly outside the actual end of the loop. This
shape is much more durable than g pointed shape
would be and produces very effective circulation
of metal.

The legs of the channel loop -are rectangular
in cross section with the major axis perpendicular
to the plane cf the loop. The pocket 103 which
is formed in the furnace lining at thé inner side
of the loop, as shown in Fig. 9, expands from
rectangular to circular as it approaches the inner
surface of the furnace lining. The diameter of
the circle is the same as the length of the major
axis of the rectangle.
greatly aids the circulation of the metal in that it
distributes the metal both toward the surface
of the bath to react with the covering material and
also to a more limited extent toward the bottom

of the bathto keep the metal there from freezing. ¢

This shape also permits the lining thereabout to
have maximum strength and durability. The
axis of the pocket is radial and passes through
the axis of rotation Z of the furnace. This
causes the metal to be principally directed up-
ward toward the surface.

No attempt is made herein to explain the me-
chanical, electrical or other primary causes of
this circulation but if such an explanation is ever
required or found desirable, the right is reserved
to introduce it in so far as it is an inherent
function of the construction which is disclosed.
The heating effects of the loops are such that a
unit has been started with frozen metal (copper).
This, however, is not the usual practice. There
is no noticeable breaking of the loop circuit
even when tested with delicate electrical instru-
ments, and this in spite of the fact that in cer-
tain positions of the furnace the hydrostatic head
of metal on the loop may become relatively small.
The location of the loops is a matter of consid-
erable importance. They are placed low enough,
as noted, so that the column of metal is not
broken by the current used when the loops are
in their highest normal positions. They are not
Placed so low as to carry too high a head of
metal; this would tend to cause metal to force
its way into or through the lining. They are
directed below the axis of the hearth whereby
there will be some flow of metal across the bot-
tom of the hearth to prevent freezing there.
This also permits emptying with minimum turn-

.ing. They are arranged on opposite sides so

that one set may keep the metal molten while
some-or all.of the other set are removed. Here
again a high position is beneficial since the mini-
mum turning of the hearth is required to empty
the set which is elevated.

The location of the pouring spout is also a
matter of importance. It is designed to obtain

This construction also @
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the maximum flow of metal with the least pos-
sible movement and is placed where it will co-
operate easily with the strainer hood in its move-
ments while still maintaining a tight seal there-
with. It is placed near the central horizontal
plane of the hearth for here the cross section of
the hearth and the amount of metal are the
Also when the hearth is turned for the
removal of a heating unit the spout does not go
so low as to drain all of the metal.. It is placed
near the side of the hearth for here the move-

“ment required for pouring-a given quantity of

metal is the least. In fact, it is inclined hori-
zontally outward. It is placed in the end of the
furnace for here it cooperates best with the as-
societed units and the stream of metal from the
spout is caused to strike at about the same place
in the strainer for all pouring positions. It
would be otherwise if the spout were radial, i. e.
placed in the side of the hearth: The metal level
is kept near the central horizontal plane of the

hearth. For constarit or continuous pouring this

level can be closely maintained. For interrupted
or batch pouring it can be approximately main-
{ained by pouring often. If the metal level is
thus located the change of level for the pouring
of a given quantity of metal is least.

The relationship of the pouring spout and the
heating units to each other and to the body of
metal and covering material carried in the fur-
nace chamber is such that the covering material
will not be carried into the spout nor will surges
of metal be produced in the spout. This is due
to the fact that the zone of pronounced circula-

tion from the heating units is not directed to--
ward the spout opening. There will, of course,’
be some circulation of metal throughout the en- -

tire body of metal just as there always is in any
continuous body of fluid when a disturbance is
created in any part thereof; but it is only the
zone of pronounced circulation which requires
conirol. In the specific embodiment herein illus-
trated, this relationship is obvious. For exam-
ple, it may be observed from Figs. 1 and 6 that
the spout and nearest heating unit are located
well away from each other and that the spout
opening is near the bottom of the main chamber

.and well below the covering material; and if may .

be observed from Figs. 1 and 7 that the heating
unit, channels or chambers are directed trans-
versely of the axis of the main furnace chamber
and open into the main chamber near the bot-
tom and well bélow the material and are directed
downwardly away from the main chamber.-
vertical planes parallel to the central axis of the

zone of circulation were placed on either side
. of the heating unit chamber so as to enclose it

the nearest.of these planes would be located
well to one side of the spout opening. In this
particular embodiment the planes would be per-
pendicular to the longitudinal axis of ‘the fu.r-
nace.

“The temperature of the bath may be controlled
by a thermo-couple 184 or other suiiable tem-
perature controlling device placed in the bath
near the pouring end and connected properly for

supervision of the current applied to the heater

units. The thermo-couple is protected by a Te-
fractory tube, the high purity of the metal in the
furnace permitting of this here, whereas before
it was believed to be impractical for copper on

_account of the very rapid corroding effect of the .

oxygen-bearing metal on the refractory tube.-
When the bafie 46 is used at the intake end
of th_e hearth and solid metal is charged beyond

Ir.
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it, a separate heating unit may be used beyond
the baffle if desired to produce g, good circulation
there.

From the preceding description it will be seen
that the furnace embodies advantageous con-
struciional features which render the eirculation
of metal more efficient, which reduce stray elec-
trical effects, which permit quick replacement of
heating units, which establish proper cooperation
with adjacent units of the plant to produce 2

" metal of high quality, which provide close and

accurate temperature and refining control, and
which in other respects constitute a distinct ad-

- vance in the art:

‘While only cne embodiment of the ‘invention
has been illustrated and described it is to be
understood that the invention is not limited to
this particular embodiment but may be variously
changed a2nd have other forms within the scope
of the subJomed claims.

“~ I claim:

1. An electric induction furnace comprising in
combination, a horizontal .cylindrical-bottomed
hearth, a plurality of induction heating units
thereon some of which are on each side of a ver-
tical plane through the axis of the hearth, said
heating ‘units 2ach including a ‘secondary metal
channel loop the plane of which is parallel to the

"axis of the hearth and normally inclined af an

angle to both vertical and horizontal planes, and
a pocket in said hearth connecting the chamber
thereof with the secondary channel loop, said
pocket being rectangular in section where said
loop enters it and spreading as it approaches the
hearth chamber until it becomes circular in sec-
tion with a dlameter equal to the length of the
major axis of the rectangular section.

2. An electric induction furnace comprising in

combination, a horizontal cylindrical hearth.

mounted to turn about its longitudinal axis, and

induction heating units disposed on each side of’

20

a- vertical plane through the axis thereof, said -

hearth being provided with a pouring spout the
inner opening of which is disposed between the

inner ends of said ‘hesting units, each unit hav-

ing a secondary channel loop whose plane is par-
allel to the axis of the hearth, the heating units
being located below the level of the pouring spout

whereby those on both sides are kept full of -

metal during normal pouring from the furnace,
and whereby the heating units on one side are

“kept full of metal when those on the other side

are emptied for removal or repair.
3. A furnace as_set forth ik claim 2 in which

the heating units are disposed at an angle to a-

horizontal plane and in which the planes of the
loops in nermal operations never make an angle

" of ovér 45 degrees.with a horizontal plane..

4. A furnace as set forth in elaim 2 which fur-

bther includes a pocket connecting the Ioop with
- the hearth chamber, the axis of the pocket passing
_through the axis of the hearth.

5. A furnace as set forth in claim 2 which fur-

ther includes a pocket joining the loop with the

chamber of the hearth, said pocket being flared
vertically as it approaches the hearth chamber.
6. An electric induction furnace comprising in
combination, a - herizontal ecylindrical-bottomed
hearth mounted to rotate about its horizontal
axis and provided with a charging opening at one
end and & pouring opemng at the other end, the

pouring opening being located: at one side of the-
. axis of rotation, and an indiction heating unit
“secured exteriorly thereto, said unit includmg a 75
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secondary channel lcop whose plane is parallel
to the axis of the hearth.

7. An induction furnace comprising in combi-
nation, a hearth having a lining and a retaining
shell, a secondary heating loop disposed wholly
outside the hearth lining and shell, and a deep
rocket extending entirely through the lining of
said hearth and connecting hoth legs of the loop

in common with the chamber within said hearth, -

sald pocket being nowhere smaller in cross-sec-

tional area than the greatest trans-planar area .

circumscribed by the loop and extending from the
secondary loop for a distance which is consid-
erably greater than Lhe thickness of the second-
ary channel before it becomes greater in cross-
sectional ared than at the loop.

8. In an electric induction furnace in combina-
tion, a hearth provided with a metal casing, an
induction heating unit therefor provided with a
metal shell, said casing and shell being provided
with mating attaching faces, a support on said
casing for said shell, said support extending
alongside said shell and being provided with an
attaching surface aligned with the direction in
which said shell must move to bring said faces
together in paraliel relationship, and means for
attaéching and insulating said shell on said sup-
port.

9. An induction furnace as set forth in claim 8

in which said attaching and insulating means
includes an intermediate member which is in-

itially secured to and insulated from the metal.

parts of the casing or shell and to which the
final attaching means are anchored, whereby the
parts may have relative sliding movement dur-
ing assembly on surfaces other than the insulated
surfaces. '

10. An electric induction furnace as set forth
in claim 8 in which said supporting means in-
cludes brackets, and insulated plates on said
brackets upon which said heating unit is seated,
and later slid into final position.

11. The method of exchanging a heating unit
on a horizontal cylindrical furnace provided with
removable heating units on each side having sec-
ondary loops parallel with the axis of the fur-
nace, which comprises shutting off current from
& heating unit which is to be removed from one
side while maintaining the current on a unit on
the other side, turning the furnace about its axis

until the first heating unit is empty, and then re-

moving the empty heating unit and replacing it
with another,

12. An electrical furnace comprising in com-
bination, a horizontal ‘cylindrical-bottomed
hearth oscillatable about its axis, a plurality of
electrical heating umits located in a row along
the length of the hearth, a pouring spout at the
end of the hearth which is inclined outwardly
from the axis and which is located for normal
operations near the ¢entral horizontal plane of
the hearth, whereby the maximum quantity of
metal may be poured from .the spout with the

minimum rotation of the hearth and whereby
_the spout will cooperate with a simple and rela-

tively small movement with related articula

' elements. )

13. An electrical furnace comprising in com-
bination, a horizontal -cylindrical-bottomed

“hearth oscillatable about its longitudinal axis,

heating units disposed on each side of the hearth
below the central horizontal plane having chan-
nels normally directed upwardly at an angle to
the vertical and horizontal planes, the angles
with the horizontal plane being smaller than

. 8

with the vertical plane, and a pouring spout in
the hearth arranged to pour metal in an axial
direction, said spout being located near the cen-
tral horizontal plane of the hearth, all for the
purposes set forth.

14. An electrical furnace comprising in com-
bination, a hearth osciliatable about a horizon-
tal axis, upwardly inclined heating units on
either side of said axis, having channels enter-
ing the hearth below the axis, and an axially
directed pouring spout on one side of the axis
and normally at the same elevation as the axis.

10

15. An electrical furnace as set forth in claim -

14 in which said inclined channels are directed
toward a line which is substantially below the
aXxis of the hearth.

16. An electrical furnace as set forth in claim
14 in which said inclined channels are directed
toward a line which is substantially below the
axis of the hearth, and which further includes
& pocket for each channel which is flared ver-
tically and has its axis radial to the hearth axis.

17. In an electrical furnace, in combination, a
horizontally elongated hearth mounted to turn
about its longitudinal axis, means for charging
metal at one end of the hearth and means for
pouring metal at the other end of the hearth,
a baffle near the charging end extending down-
ward from the roof of the hearth into the metal,
and means for -heating the metal in the hearth
which produces an effective circulation of metal
on hoth sides of said baffle.

18. An electric induction furnace for molten
metal, comprising in combination, a metal-hold-
ing hearth supported for tilting movement about
a horizontal axis, an induction heating unit, in-
cluding 2 loop channel for molten metal and in-
duction heating means for the metal in the chan-
nel disposed on the side of fhe hearth with the
channel approximately radial to the axis, and a
pouring spout located at one side of and approxi-
mately aligned with said axis. .

19. An electric induction furnace for molten
metal, comprising in combination, a horizontal
cylindrical metal-holding hearth supported for
tilting movement about its longitudinal axis, an
induction heating unit, including a loop chan-
nel for molten metal and induction heating means
for the metal in the channel disposed on the
side of the hearth with the channel approximate-~
ly radial to the axis, and a pouring spout located
in the end of said hearth at one side of and
approximately aligned with said axis.

20. Apparatus as set forth in claim 19 in which
said spout in normal pouring position of the
furnace is disposed approximately in a central
horizontal plane.

21. An induction electric furnace, comprising
in combination, a hearth for holding a bath of
‘molten metal, means for supporting the hearth
to turn about a horizontal axis, external inde-
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pendent induction heating units removably dis- -

posed on each side of the horizontal axis, and
means for pouring metal from the hearth at a
point located between the heating units, the
hearth construetion and heating unit arrange-
ment being such that by tilting the furnace either
of the units may be emptied while the other and
& portion of the hearth is left full of metal,
whereby a body. of the metal may be maintained
in molten condition on one side while & unit on
the other side is made accessible for replacement
or repair. =~ : o

22. An induction electric furnace, comprising

65
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1n combination, & horizontal cylindrical-bottomed 73
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heerth oscillatable about its longitudinal exis,
and external removeble induction heating units
disposed on each side of the horizontel axis, the
hearth construction and heating unit arrange-
ment being such that by tilting the furnace either

of the units may be emptied while the other and

- @ portion of the hearth is left full of metal,
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whereby g body of the metal may be meaintained
in molten condition on one side while & unit on
the other side is made accessible for replacement
or repair. -

23. A furnace as set forth in claim 22 in which
each unit comprises & loop channel outside the
hearth and electric induction heating means
therefor.

24. In an electrical furnace, in combination, B
horizontelly elongated hearth turnable sbout its
longitudinal axis, seid hearth having & charging
opening at one end and & pouring spout at the
other end, said pouring. spout being located ab
one side of the axis of the furnace, and clectric
induction means for heating metal at & plurality
of points slong the length of the hearth.

25. An induction electric furnsce, comprising
in combination, & horizontal cylindrical-bgttomed
hearth having a refractory lining and s metal

shell, and o plurality of loop-channel induction-

heating units heving refractory linings and metal
shells detachably secured to the hearth shell at
spaced points along its length, the units being
disposed on both of the opposite sides of g verii-
cal plane through the axis of the hearth, where-
by units on one side may ke exchensed while
those on the cther slde keep the metal in the
molten condition,

26. An induction electrie furnace comprising
in combination, & hearth, an induction heating
unit having o loop-shepsd secondery chanmel,
and an eclongated  pocke!l comnecting the lmmer
ends of the loop channel together and with the
hearth, seid pocket being fared from its mini-
mum cross sectional ares adjacent the loop-
shaped channel in & substantislly funnel-like
shape through the hearth Uning to its mesimum
cross-sectional ares at the inslde surface of the
hearth, whereby the frictionsl resistance to clr-
culation is minimized.

27. An electric furnece comprising in combing-
tion, a horizontel eylindricel-bottomed heerth
oscillatable about its longitudinal axis, heating
1units disposed on each side of the hesrth below

the central horizontal plane having charnnels

. directed upwardly at an-angle to the vertical and
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horizontal planes, the angles with the horizontal
plane being smaller than with the vertical plane.

28. An electrical furnace as set forth in claim
27 in which said inclined channels are directed

toward & line which Is substantially below the
‘axis of the hearth.

29, An electrical furnace as set forth in claim

‘27 in which said inclined channels are directed
toward e line which is substantially below the -

" axis of the hearth, and which further includes

85
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& pocket for each channel which Is fared verti-

cally-and has its axis radial to the hearth axis.
30:-An electrical furnace comprising in com-

bination, s horizontal cylindrical bottomed hearth’
-oscillatable about its longitudinal axis, the fur-

nace being normally charged with metal to a
level above the horizontal axis and the metal
being covered with a bed of carbon, heating units
disposed on ‘each sile on the hearth below the

central horizontal plane having channels directed

upwardly at an angle to the vertical and horizon-
tal pianes in the normal mid-position of the

2,102,583

furnace, the angles with the horizontal plane be-
ing smealler than with the vertical plane, whereby
metal heated in the heating units is directed up-

ward sad across beneath the covering of carbon_

on the metal.

31. A furnace for producing purified copper,
copper alloys or the like comprising: & main
chamber for holding & quantity of molten metal;

area communicating with the bottom of sald
main chamber and extending downwardly there-
from; meang £or heating metal in said leg cham-
ber; and & pouring spout communicating with
sald main chamber only adjacent the bottom
thereof and well away to one side from the ver-
ticel planes enclesing said downweardly-extending
leg-chamber.

32. A furnsce for produclng puriﬁed COPPEr,
copper alloys or the lke comprising: & main
cheamber for holding & quantity of molten metal;

-8 loop chamber communicating with the bottom

of seid melin chamber and extending downweardly

therefrom; mesng for heating metal in sald loop

131

‘g leg chember of relatively small cross-sectional .
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chember; and g pouring spout communicaging -

with said main chamber only adjacent the bottom
thereof snd well away to one side fromh the ver-
tical planes enclosing said dewnwardly extend-
ing loop-chamber.

33. A fumgce for producing purified copper,
copper alloys or the like comprising: & main
chamber for holding & quentity of molten metal;
& leg chamber of relatively small cross-sectional
ares communicating with the bottom of said main

_¢hamber and exténding downwerdly therefrom;

means for heating metal in said leg chamber; &

- pouring ‘spout communicating with said mein

chamber only adjacent the bottom thereof and
well away to one side from the vertical planes
enclosing sald downwardly-exiending leg-cham-
ber, end independent means for beating meial in
sald spout,

34. A furnasce for producing purified copper,
copper slloys and the like, comprising: s main

" chamber for holding & quentity of molien metal

with & layer of covering msaterial thereon; an

auxiliery metal holding chamber communicai-

ing with geid meain chamber near the lowest part
of the bottom thereof and well below the normal
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bottom surfasce of said covering material, sald

suxiliary chamber extending downwardly from
the main chamber; means for heating metal In
said auxillary chamber whereby to produce a
vertical zone of circulation of metal in said main
chamber and $o direct metal upward against said
covering material; and & pouring spout com-
municating with said main chember only at a

point well beneath the normal bottom surface of -

said covering material and well toward the bot-
tom of the main chamber, whereby to prevent
floating - covering material from - entering the
spout, seid spout opening being disposed. well
away to onge side of the zone of circulation from

said auxiliary chamber, whereby to avoid circu-

lation of metal in and the entry of admized cov-
ering material into said spout.

35. A furnace for treating molten metal in-
the presence of floating material and adapted to

dellver the metal to & pouring spout free from

surzes of metal and free from fAcating material, .

comprising in combination, a maln chamber for
holding & quantity of molten metal, an auxiliary
chamber and hesting means therefor, said aux-
illary chamber communicating with the Icwer
portion of said main chamber where it will be
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eqmpletely submerged beneath the metal and ex- 75
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tending downwardly from its inner communicat-
ing end whereby to produce a major upwardly
directed zone of active circulation of metal in
the main chamber, and a pouring spout commu-
nicating only with the lower portion of said main
chamber where the communicating opening will
be subnierged beneath the metal, said spout open-

7

ing being located sufficiently to one side of the
major zone of circulation of metal in said main
chamber to prevent surges of metal in the main
chamber or floating material from entering the
spout. .

DAVID L. SUMMEY.
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