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Patented Aug. 10, 1926, 1,595,970 .
UNITED STATES PATENT OFFICE.

JAMES M. WEED, OF SCHENECTADY, NEW YORK, ASSIGNOR T0 GENERAL ELRECTRIC
COMFPANY, A CORPORATION OF NEW YORX.

INDUCTION FORNACE.

apolication filed December 29, 1921, Serial No. 595. 860,

My invention relates to letrvc induetion
furnaces aud in particular to the elass of
furnaces in Whlul the receptacle for the
charge comprises an annular or looped por-

secondary with respect to the primary wind-
ing 4. Conveniently, the erucible or recep-
tacte for the f’h(u'r' e, 15 constituted by pre-
:é'ormed ™M * suitable refractory ma-

5 tion of zelatlvdy small cross section within terial, for rnuimplc. fused magunesia, which 60
which the charge acts as secondary, and in sy tv dried and Gred before being assem-
communication therothh a chamber or res- blod 1 m t he furnace. These refractor Y Inem-
ery oxr for increasing t the furnsce eapacity bers a. 6 and e ars cemented toaatuor at
for charge. joi : assembled in the farnace.

10 Tt s the object otmy invention, which in- ¢ two most widely SL"MLQU’(} opposite 88
ciudes a uew method as well 55 a new ap- 1 surfaces of the secondary 1 ars
paratus, to provide a furnace with more ad- at the ends of the eylinder, designated.
vantageous and controtlable eireulation of as 5oand 6. With the co-axi Iarrangomcnt
cliarge between the reservoir und Inoped of primary and o(’f‘on‘l&“y illustrated 1In

15 portions of the receptacle than hevetofore Figs. | and 2, in which they ave offset or 70
obtained. TFor this purpose I utilize a prin- displaces 1 from each cther in an axial direc-
ciple not previously ubod in induction fur- tion, the nm\mwm fluidl pressure in the
naces, namely, the electromagnetic reaction se (‘om[ary due to the repusion of the pri-
be\‘ween primavy and secor (LU\ these be- mary is found near 5, the end of the cylin-

20 ing so disposed as fo give differences of der ‘most remote from the primary, while 75

minimum

‘hud pressure between (i fforent pax-t\ or re-
gions of the secondary. I make at-least two
such regions of diflerent 1)1'h\l“£,u prefer-
ably those adpacent, to the two most widely
%p'u'lt( « opposite bounding surfaces of the
container for the sceondary, to open into or

pressure is fonnd near 6, the end
nearer the primary.  Comimunic: 1tm<r ducts .
T oand 8, respectively, ure thexefore, plO\fld-
ed between these regrous of maximum and
minimum pressure and different parts of the
reservoir to permit cirenlation of molten

commumnicate through, 105[)0 tive ducts with chavge in the direction indicated in Fig. 2

of
80 r'l

different parts of the vese: VOIT, it the b\ the arrows.
pressarve difference can aet in producing a The amount of the pressure  difference
30 desired eirculation of the charge. which produces this cir sulation, and conse- 88
A more detailed description of my inven- quently the rapidity of the cireulation, may
tion is given in the 1(.”(,\\1.\,55 specification be varied or ll(!’hﬁted by changing the geo-
taken in rm\nm“(m with the acompanying metric velation of the primary winding with
drawings, in which Figs, 1 and 2 ave ver- reop ect to the secondary.  Assuming that the

35 tical sm\‘u)m taken at right angles to each position of the primary 4 shown in ¥ig. 2 90
other of a preferred embodiment of my in- gives maximum circilation, the circulation
vention ; a roodification is illuserated in Wiee will be roduced by LJmLtmﬂr the primary to
3 by a horizonta! section, and in Figs. 4 and  the vight. W hen primary and secondary
5 by vertieal seetions taken at right angles are of ‘the same axial length, as in the pres-

40 te ench other; Figs. 6. 7 and 8 are vertical ont ‘M, and are flush with each other in 96
rections of otho modifications of my fur- ap axial direction, the cirealation will prac-
nace; Fig. 9 is a horizontal section of CHeally ceasn, T the primary is shifted still
/).Nr mmhﬁ('ltn ;and P i 1(/ 19 0, persy fuvther, resulting in displacement; in the re-
tive view of the form of my fwrnace shown verse direction, the direction of cireulation

45 in Figs, 1 and 2. will be reverse. 1t is thu nossible to control 100

The furnace shown in Tigs. 1 and 2 eora- hoth the stren: gth and the direction of the
prises a refractory receptacle constitnted by clveulation of the mfﬂfen charge in the far-
a leoped portion 1 of relatively smell cross- nace of Figs. 1 and 9 by adjusting the po-
section, and a reservoir of greater erosges sition of the pri nary winding in an axial

80 tion adapted to confain a pool 2 of Huid direction, 106
charge. a magnetic cirenit or core 3 inter-  The cirenlation within tha% portions of
Tinked mth the looped pertion, and o pri- the secondary which are not on the same”
mary winding ¢ mu.mtwd on the core 2. The side of the « Hnder with the ducts 7 and 8,
charee in the. looped portion, which in thig is [aeilifated hw the annnlar enlargements 9

55 case is cylindvical in form, constitutes a and 10 4t the'ends of the eylinder 1 con- 110
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stituting the secondary. The enlargement
10 in Fig. 2 distributes the molten material
coming in through duct 8 more or less uni-
formly around the left hand end of the cyl-
inder I, while the enlargement 9 re-collects
the material ind leads it to the outgoing
duct 7. Within the body of the cylinder
i, between its two ends, the general trend
of the circulation will be in an sxial direc-
tion, from left to right. A free continuous
cireulation is thus maintained beiween the
secondary and the reservoir, which passes
throughout the entirs secondary cylinder,
thus avoiding all danger, of hot spots; and
thus maintaining an almost uniform tem-
perature throughout the molten charge
within the entire crucible. The refractory
erucible 1, 2 is surrounded by £ layer 36 of
suitable heat insulating material, for exam-
ple, the corimercial product known as Sil-
-Cel, and an outer shell 37 of steel or other
suitable metal, so constructed to avoid a con-
ductive circuit about the core in which a sec-
ondary current would be induced.

In Fig. 10 is shown in side elevation a
complete furnace of the form shown in sec-
tion by Figs. 1 and 2. The furnace 1s
mounted upon a pedestal 38 in such a way
as to permut tilting for pouring the charge.
This i1s done by means of the hand-wheel
39." The charge is introduced by a door 40
and poured from the spout 41. A pivoted
cover 42 permits access to the furnace in-
terior for various purposes. The furnace as
s whaole can be lifted by eye bolts 43. Air
for cooling the primary winding is, sup-
plied by a pipe 44. :

The modified furnace illustrated in Figs.
8, 4 and 5 differs from that in Figs. 1 and
9, chiefly, first, in the relative positions of
the reserveir and the annular secondary-
containing portions of the crucible, and
second, in replacement of the ducts 7 and
8 by = single opening or channel of com-
munication. In the form of furnace shown
in Figs. 1 and 2 the secondary is beneath
the reservoir with its gxis horizontal, while
in ths modification shown in Figs. 8, 4 and
5, they are beside each other, the axis of
the secondary being wvertical. The circu-
lation of the molten chargs is controlled in.
the latter case by movements of the pri-
mary winding in a vertical direction. With
the primary winding positioned as shown
in Fig. 4, maximum pressure due to the re-
Eulsion of the primary will be found at the

ottom of the secondary, and minimum pres-
sure at the top. This difféerence in pressure
will result in a flow of the molten charge
from the bottom of the secondary to the
reservoir, and from the reservoir back to
the top of the secondary, as indicated by
the arrows. Parts in Figs. 3 to 9 corre-
sponding to similar or identical parts of
igs. 1 and 2 have been indicated by the

1,595,970

same numerals with the addition of a
“prime” mark.

Assuming that the primary winding in
Fig. 4 is in a position giving maximum ve-
locity of circulation, the circulation will be
reduced by lowering the position of the pri-
mary relative to the secondary, and will
be reversed in direction when the primary
passes through the position of symmetry
with respect to the secondary cylinder. The
position of the primary coil 4" may be ad-
justed to vary the circulation by turning
the nuts upon the frame 13.

With a free passage 11 between the sec-
ondary and the reservoir, extending from
the point of maximum pressure to that of
minimum %)ressure, a fiow will naturally be
produced from the secondary to the reser-
voir at the point of maximum pressure and
from the reservoir to.the secondary at the
point of minimum pressure, while the charge
will be stagnant in that part of the channel
opening into the secondsry at points of
neutral pressure. It is clear, therefore, that
the principle of cperation, 3o far as the
production of circulation is concerned, is
the same whether separate ducts are used for
connecting the secondary with the reser-
voir, as in the furnace in Figs. 1 and 2, or
whether the wall between these ducts is
eliminated, forming one common channel,
as in the furnace of Figs. 3, 4 and 5.

Since there is no definite limit to the
width or thickness of the:channel 11, it is
clear that it might be increased, if desired,
to the full dinmeter of the secon(‘ziary, or full
width of the” reservoir, thus causing the
reservoir to become, in effect, a mere en-
largement of one side of the secondary, as
1Yustrated for instance at 12, in Fig. 9.

My invention may be embodied in various
other forms of furnezces, all involving the
same general principle. Three other modi-
fications have been illustrated 'in simplified
form in Figs. 6, 7 snd 8, respectively.

The modificatior. shown in vertical sec-
tion in Fig. 6 is similar to the one of Figs.
1 and 2 except for the form and position
of the primary winding: This winding 14
is disc shaped instead of cylindrical in
shape. and is located at one end of the sec-
ondary cylinder. The circalation of the
molten charge in this furnace will be similar
to that of the furnace illustrated in Fig. 2,
entering the reservoir by a duct 15 and leav-
ing by a duct 16. :

EI{n the modification illustrated in Fig. €,
the primary winding 17 is cylindrical in
shape, while the zecondary-containing an-
nular part 18 of the crucibls is disc shaped.
The two most widely separated, opposite
bounding surfaces of this secondary are the
inner and outer circumferential surfaces 19

and 20. With the symmetrica]l concentrie:

arrangement of primary and secondary here
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shown, the secondary surrounding the pri-
mary, the maximum fluid pressure in the
secondary due to the repulsion of the pri-
mary, is found nearer its outer circumfer-
ential surface 20, while minimum pressure
is found near the inner circumferential sur-
face 19. Communicating ducts are there-
fore provided between these regions and
different parts of the reservoir. Duct 21
serves the region of maximum pressure,
while for purposes of symmetry, the region
of minimum pressure is here served by two

“distinet ducts 22 and 23.

In the modification shown in Fig. 7, both
the primary winding 24 and the secondary
25 are disc shaped, and they are located
in parallel plates perpendicular to. their
common axis. The secondary communi-
cates with the reservoir through ducts 26
and 27, the former leading from a region
near the outer: periphery and the- latter
from a region near the inner periphery of
the secondary 25. The total primary wind-
ing is of greater radial extep: than the
secondary, its internal diameter being
smaller and its external 'diameter being
larger. This winding, however, is provid-
ed with terminal leads 28 and 35, and in
addition with tap leads 29 to 34, making it
possible to excite one portion of the wind-
g, while other portions are left unexcit-
ed. If pnow primary connection is made
to leads 31 and 35, exciting an inner por-
tion of the primary winding, the outer
portion being unexcited, cirenlation will oc-
cur from the secondary to the reservoir
through duct 26, and from the reservoir to

- the secondary through duct 27. If connec-

40

45

§0

b6

60

6s

tion is made to leads 30 and 34 instead of
31 and 35, the circulation will be in the
same. direction as before, but with reduced
velocity. If connection is made to leads
29 and 33, the direction ®f the circulation
will be reversed. And finally, if connection
is made to leads 28 and 32, this reverse cir-
culation will be increased in velocity. The
modification shown in Fig. 7 thus differs
from those showh in the other figures, not
only in the fact that both primary and sec-
ondary are'disc shaped, but also in its modi-

fication of the method illustrated in some.

of the cther figuves for controlling the di-
rection and the velocity of thes circulation.
Where, in other cases, this control is effect-
ed by shifting the physical ;)osition of the
primary winding without changing its ex-
citation, in this case it is effected by a
change in the portion of the winding which
is excited, the position of the winding as
a whole being unchanged. .

A better understanding of tB’e #rigin and
location of the pressure difference produc-
ing circulation in my furnace day be ob-
tained as follows: Concentrating attention
upon the particylar form shown in Fig. 6,

&

we will consider the conteuts of the cylin-
drical secondary in this furnace as sub-
divided into a number of annular parts by
parallel planes, which are perpendicular to
the common axis of primary and secondary.
The magnetic leakage field between pri-
mary and secondary in this case is in a
generally radial direction, and parallel to
the above-mentioned planes. The density

of this field is maximum within the region 7

between the primary 14 and the left-hand
(nearest) end of the secondary 15, but it
extends throughout the space occupied by
the secondary itself, with density gradually
diminishing from the left-hand end (near-
est to the primary) to the right-hand end
(farthest from the primary). A stress ex-
ists in any magnetic field m the form of
pressure exerted in directions at right an-

‘gles to the direction of the field. The mag-

nitude of this stress at any point is propor-
tional to the field density at that point.
Within any section of the field at right an-
gles to its direction, the magnetic stresses
at different points react upon each other,
and only make themselves felt mechanically
between points of different density, where
the opposing magnetic stresses are unequal.

Considering now the action of the mag-
netic leakage field which has been described
upon a given annular portion of the sec-
ondary, we find that the pressure upon the
left-hand side of the annular portion (near-
est to primary) is greater than the oppos-
ing Eressure upon the right-hand side
(farthest from the primary). The differ-
ence between these pressures will therefore
be transmitted mechanically as a fluid pres-
sure from the portion of the secondary un-
der consideration to the next adjacent part
on the right (further from the primary).
Going from the end of the secondary cylin
der nearest to the primary to the end far-
thest away, this unbalanced pressure in
each part 15 added to that which is trans-
mitted to it from the preceding -portion.

.The maximum fluid pressure, therefore, is

found at the end of the secondary farthest
from the primary, where the density of the

magnetic leakage field is minimum, while !
‘minimun fluid pressure is found at the end

nearest to the primary where the density
of the field is maximum,

The considerations thus outlined with re-
spect to the form shown in Fig. 6 may be
applied directly to the form of Fig. 8 by
merely observing that the magnetic leak-
age field between primary and secondary
is in a generally axial direction in the lat-
ter case instead of radial. Maximum pres-
sure in this case is found near the outer
periphery of the secondary, which is far-
thest from the primary, and wheré the den-
sity of the magnetic leakage field is mini-
mum, while minimum pressure is found
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to one another along their Iongitudinal axes
thereby causitiy circulation of charge be-
tween the annular pertion and the reservoir
by the repulsive force between primary and
secondary currents.

8. An induction furnace comprising. a
primary winding, and a crucible compris-
ing a reservoir and a cylindrical chamber
contammg a portion of the charge consti-
tuting 2 secondary, said chamber commuxni-
cating at both ends with said reservoir and
being so positioned with respect to the pri-
mary winding that one end is more remote
from the primary than the other wherehy
the charge is caused to low from the remote
end of said chamber to the reservoir and
from the reservoir to the other end.

9. An induction furnace comprising the
combination of a continuous annular refrac-
tory container elongated in an axial direc-
tion, a reservoir communicating therewith
and a magnetic core extending through said
annular contsiner, a primary winding on
said core dlsplaccd in an axial direction
with respect to said container to exert a re-
pulsive force on a condnctive charge in said
container whereby said charge is caused o
circulate between sald reservoilr and said
container.

10. An induction furnace comprising the
combination of & magnetic cors, a primary
winding thereon, and a refiuctory crucibie
comprising a reservoir adapted to contain
g pool and a communicating annular por-
tiori adapted to contain s secondary, the
primary winding and the annular portion
being geometrically arranged with respect
to each other tu cause civeulation of charze
between the reservoir and annular portion
of the crucible by electromagnetic repulsion,
anl means for adjusting the effective post-
tion of the primary to regulate said civeula-

tion.

11, An induction furnace comprising the
combination of a magnetic core, a crucible
providing an anmular portion interlinked
with said core and a communicating reser-
voir, a primary winding interlinked with
said cove and surrounded at least in part by
esid anmular portion of the crucible white
being longitndinally displaced from the pri-
mary winding as a whole to cause cireula-
tion of charge by electromagnetic répulsion,
and means for adjusting the position-of the
primary winding to regulate the circula-
tion. ‘

12. An induoction furvace comprising the
combination of an annular refractory ron-
tainer elongated in an axial direction, a
magnetic core interlinked with said con-
tainer, a primary winding on said core, said
Wmdmg and container bom;: Iclatn'e]v dis.
placed in an axial direction, and a reser-
voir communicating with said container at
points spaced apart in an axial direction

(> ]

whereby flow of charge is caused m gaid
chamber and return fow through said reser-
voh due to electr \)iilﬁ)‘?n(’tlg 1@1\11151011

An induction furnace
combination of a mamc -containing recep-
tacle having & toop«,d pcrnon and a reser-
voir in co mmuenication with each other, and
a primary ng arranged to induce 1
heating current Jn the charoe in said looped
pomon and to cause a circulation through
seid c-onod pﬁ"‘lim of the receptacle with
a unidirectional flow by the expulsion of
charge from said fnopeu portion to the reser-
voir aﬁ one ULLC@‘/ £ communication and the
admission of ghar% from the reservoir to.
said looped j no"tlon at another place of com-
munication,

14. An induction furnace comprising a
containing crucible providing a chamber in
which the char ge constitutes a closed second-
ary, and a pum: ry vzndmv for inducing an
eleetric current in said cl\am* 50 p@amomd
with relation to saxd qe('onfiary that fluid
pressures are set up in said chamber due
to electramagnetic repulsion between said
i ‘ .)(‘(’211(111; producing flow of
1 chamber mainly in a
to the direction of the
ured '%;bs‘rem, a;m eans
al to said

,l r,)

1a]
W

direction
ok( t’l‘h o

tf\m:nace a
2 pro‘;zdmg a reservoir for
1anuiar chamber com-

therewith in which a portion of
constitutes a secondary, and a
vindivg o pesitioned with rela-
{ 105 to q‘ni secondary that fluid pressures

arying in an axial divection are produced
in sald chamber due to nhdmmﬂpnet;c re-
pulsion between sald primary and second-
ary. causing unidivectional flow of charge in
mif‘{ r\‘w;\;}\,: in an axial divection and re-
tinn flow throngh sald reservoir.

16. An induction furnace comprising a
magnelic core. a primary winding on said
core, n crucible comprising a reservoir and
a Tooped chamber having oblong transverse
sections interlinking said core (-gntammﬂ a
portion of the (‘h rae constitnting a s econd-
ary, said chaniber commu nvcatmg with said
reservolr at opposite ends of such fransverse
sections and bei 2 50 pusmono& with respect
to the primary winding that the fluid pres-
sure clee ~ma(rnﬂm repulsion be-
tween snd sc,condav s greater at
one end of said sections t -!}e other,
whereby civendation of charrre is produced
beiween said chamber and reservoir.

An induction hwnace coteprising a
primary winding, and a crucible providing
a reservoir and a Jooped chamber having
an olfimnp transverse section containing a

_portion of ihe charge constituting a second-

ary, said chamber communicating with the

comprising the
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reservoir at opposite ends of such transverse
seetion and being so disposed with respect
{o the primary that one end of such section
is farther from the primary than the other.

18. An induction furnace comprising a
crucible providing 2 reservoir for the charge
and a cﬁambez‘ i which a portion of the
charge constitutes a closed secondary, said
chamber and reservoir comunicating with
each other at their extremities, and a pri-
mary winding associated with said second-
ery producing unidirectional circulation of
charge through said chamber and reservoir.

19. An induction furnace comprising a
crucible providing a reservoir for the charge
and a chamber in which a portion of the

charge constitutes a closed secondary, said
chamber communicating with said reservoir
at opposite sides of certain axially perpen-
dicular transverse sections of said chamber,
and a primary winding so disposed with re-
lation to said secondary that one side of a
transverse section of said secondary is more

remote than the other from the fprimary .
T

whereby a charge is caused to flow from the
side of said section more remote from the
primary to the reservoir and from the res-
ervoir to the other side of ¢aid section.

In witness whereof; I have hereunto set
my hand this 28th day of December, 1921.

JAMES M. WEED.
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