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My invention relates to electric induction 
furnaces and in particular to the class of 
furnaces in which the receptacle for the 
charge comprises an annidai' or looped por 
tion of relatively small cross section within 
which the charge acts as secondary, and in 
communication there with, a chamber or res 
ervoir for increasing the firi; see 
for charge. 

It is the object of my invention, which in 
ciudes a few method as weli is a jew ap 
paratus, to provide a furnaire with more ad 
fantageous and controllable circtiation of 
charge between the reservoir and irooped 
portions of the receptacle than heretofore 
obtained. For this purpose utilize a prin 
cipie not previously used in indiction fur 
naces, namely, the electromagnetic reaction 
between primary and secondary, these be 
ing so disposect as to give differences of 
fluid pressure between different parts or re 
gions of the secondary. I make a least two 
such regions of different pressures, prefer 
ably those adjacent to the two most widely 
separated opposite bounding surfaces of the 
container for the secondary, to open into or 
coii) municate through respective dicts with 
different parts of the reservoir, so that the 
pressare difference can act, it; producing a 
desired circulation of the chargr. 

A hiore detailed descrition of my it, ye 
tion is given in the following specification 
taken in connection with the icon panying 
(ii'awings, in which Figs. and 2 are ver 
tical Sections taken at right title's to each 
other of a preferred eibodiment of my in 
vention; a modification is illustrated in Fig. 
3 by a hirizontal section, at in Figs. and 
5 by vertical sections taki: ) at right angles 
t?: each other; Rigs. 6, 7 and S are verticai 
Sections (f other' modificatio is of my fur 
inace : Fig. 9 is a horizontal section of 
other modification; and Fig. 1 () is a perspec 
tiye view of the firm of my furnace shown 
in Figs. 1 and 2. 

ihe frnace shown in Figs. and 2 to in 
prises a refractory receit: cle constituted by 
a looped portion 1 of relatively sm: I cros 

it greater 'ross-sec 

- -, i. (apicity 

s 

sectii)). It a rese; Soir it 
tion adapted () contain a lot 2 of tuit 
claire, a magneti?' circuit or core 3 inter 
linked with the looped )())"tion, and a pri 
mary win ling 4 nointed on the core 3. The 
charge in the iooed portion, which in this 
case is cylindrical in form, constitutes a 

- . 
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secondary with respect to the primary wind 
ing 4. Conveniently, the crucible or recep 
tacle for the charge, is constituted by pre 
torned inenier's of suitabic refractory ma 
£eria, for example, fused nagnesia, which 
ray be dried aid fired before being assem 
hied in the furnace. These refractory inem 
le's , f : }; d. c are cemented together at 
tio joints when assenbied in the furnace. 
The two most videly separated opposite 

bg acting surfaces of the secondary 1 are 
those at the ends of the cylinder, designated, 

5 anti $3. With the co-axiai arrangement 
of primary and secondary illustrated in 
Figs, and 2, in which they are offset or 
displaced from each other in an axial direc 
tion, the maximum ?lid pressure in the 
seconclary title to the repulsion of the pri 
inary is found near 5, the end of the cylin 
cler most remote from the primary, while 
minimum pressure is found near 6, the end 
neare; the rimary. 
7 and S, respectively, are therefore provid 
ed between these regruits of maximum and 
mini ilium pressure and different parts of the 
reservoir to permit circulation of molten 
charge in the direction indicated in Fig. 2 
ly the arrows. 

the 3.}}:{iaat () the pressie difference 
*which produces this circulation, and conse 
cently the rapidity of the circulation, may 
be vai'ied or adjusted by changing the geo 
netric relation of the primary winding with 
reject to the secondary. Assiining that the 
position of the primary 4 show in tig. 2 
gives in a Niini in circuilation, the circulation 
will be reduced by shifting the primary to 
the right. When primary and secondary 
are of the sale axial length, as in the pres 
eat case, and are flush with each other in 
at axial direction, the circulation will prac 
tically crease. If the primary is shifted still 
?ittler, restilting in displacement in the re 
Velse (direction, the direction of circulation 
will be reverse. It is thus possible to control 
both the strength and the direction of the 
circuation of 
nace of Figs i and 2 by adjusting the po 
sition of the primary winding in an axial 
direction. - 

The circiiation within those portions of 

molten charge in the fur 
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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 1, while the enlargement 9 re-collects 
the material and leads it to the outgoing 
duct 7. Within the body of the cylinder 
1, between its two ends, the general trend 
of the circulation will be in an axial direc 
tion, from left to right. A free continuous 
circulation is thus maintained between the 
secondary and the reservoir, which passes 
throughout the entire secondary cylinder, 
thus avoiding all danger of hotspots; and 
thus maintaining an almost uniform tem 
perature throughout the molten charge 
within the entire crucible. The refractory 
crucible 1, 2 is surrounded by layer 36 of 
suitable heat insulating material, for exam 
ple, the confmercial product known as Sil 
O-Cell, 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 is 
mounted upon a pedestal 38 in such a way 
as to permit tilting for pouring the charge, 
This is 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 
a whole 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. 

3, 4 snd 5 differs from that in Figs. 1 and 2. chiefly, irst, in the relative positions of 
the reservoir and the annular secondary 
containing portions of the crucible, and 
Second, in replacement of the ducts 7 and 
8 by a 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 axis horizontal, while 
in the modification shown in Figs. 3, 4 and 
5, they are beside each other, the axis of 
the secondary being vertical. The circu 
lation of the molten charge 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 
E. of the primary will be found at the ottom of the secondary, and minimum pres 
sure at the top. This difference 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 F. . 3 to 9 corre 
sponding to similar or identical parts of 
igs. and 2 have been indicated by the 
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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 pressure, a flow 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 secondary at points of 
neutral pressure. It is clear, therefore, that 
the principle of operation, so 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. 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 1, it is 
clear that it might be increased if desired, 
to the full diameter of the secondary, 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 
illustrated for instance at 12, in Fig. 9. 
My invention may be embodied in various 

other forms of furnaces, all involving the 
same general principle. Three other iodic 
fications have been illustrated in sinulified 
form in Figs. 6, 7 and 8, respectively. 
The modification shown in vertical see 

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 circulation 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. 

i. the modification illustrated in Fig. 8, 
the primary winding 7 is cylindrical in 
shape, while the secondary-containing an 
nular part 18 of the crucibis is disc shaped, 
The two most widely separated, opposite 
bounding surfaces of this secondary are the 
inner and outer circumferential surfaces i3 
and 20. With the symmetrical concentric 
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 
distinct ducts 22 and 28. 

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 planes 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 exter 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 
ing, while other portions are left unexcit 

... If now primary connection is made 
to leads 31 and 35, exciting an inner por 
tion of the primary winding, the outer 
portion being unexcited, circulation will oc 
cur from the secondary to the reservoir 
through duct 26, and from the reservoir to 
the secondary through duct 27. If connec 

0 

45 

50 

55 

60 

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 bf 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 showin 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 other figures for controlling the di 
rection and the velocity of the circulation. 
Where, in other cases, this control is effect 
ed by shifting the physical position 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 6f te 5rigin and 

location of the pressure difference produc 
ing circulation in my furnace may be ob 
tained as follows: Concentrating attention 
upon the particular form shown in Fig. 6, 

we will consider the contents 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 pi 
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 
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 in 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 pressure 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 is 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 
minimum 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 prinary 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 where 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 longitudinal axes 
thereby causing circulation of charge be 
tween the annular portion 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 
containing a portion of the charge consti 
tuting a secondary, said chamber communi 
cating at both ends with sail reservoir and 
being so positioned with respect to the pri, 
mary winding that one end is more remote 
from the primary than the other whereby 
the charge is caused to flow 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 container, a primary wilding on 
said core displaced in an axial direction 
with respect to said container to exert a re 
pulsive force on a conductive charge in said 
container whereby said charge is caused to: 
circulate between said reservoir and said 
container. 

10. An indiction furnace comprising the 
combination of a magnetic core, a primary 
winding thereoi, and a refractory crucibie 
comprising a reservoir adapted to contain 
a pool and a communicating annular por 
tion adapted to contain a secondary, the 
primary winding and the annular portioi: 
being geometrically arranged with respect 
to each other to cause circulation of charge 
between the reservoir and annular portion 
of the crucible by electromagnetic repulsion, 
an I means for adjusting the effective posi 
tion of the primary to regulate, said circuita 
tion. 

11. An induction furnace comprising the 
combination of a magnetic core, a crucible 
providing an annular portion interlinked 
with said core and a communicating reser 
voir, a primary winding interlinked with 
said core and Starrounded at least in part by 
said suitar 33rtion of the crucible white 
being longitudinally displaced from the pri 
nary winding as a whole to cause circa - 
tion of charge by electromagnetic repulsiol 1, 
and means for adjusting the position of the 
primary winding to regulate the circula 
tion. 

12. An induction furnace comprising the 
combination of an annular refractory ?on 
tainer elongated in an axial directic: , a 
magnetic core interlinked with said con 
tainer, a primary winding on said core, said 
winding and container being relatively dis 
placed in an axial direction, and a reser 
voir communicating with said container at . 
points spaced apart in an axial direction 

s 

whereby flow of charge is caused in said 
chamber and return flow through said reser 
voir due to electronagnetic repulsion. 

s S. 
Colbination of a charge-containing recep 
tacie his wing a looped portion and a reser 
voir in continuinication with each other, and 
a primary winding arranged to induce a 
heating curret: in the charge in said looped 
portion, and to cause a circulation through 
S8id looped portion of the receptacle with 
a unidirectional fow by the expulsion of 
charge from: said looped p?ortion to the reser 
voir at One place of communication and the 
admission of charge from the reservoir to 
said looped portion at another place of com 
munication. 

14. An induction furnace comprising a 
containing crucible providing a chamber in 
which the charge constitutes a closed second 
a 'Y, and a priinary winding for inducing an 
electric current in Said charge so positioned 
with reiation to said secondary that fluid 
p'est lies are set up in said chanier due 
to electromagnetic repulsion between said 
Prillary and secondary erodiaing flovy of 
charge thiroagh said chainbei mainly in a 
direction trans' to the direction of the 
&lectric; it inciuced therein, and Ineans 
for pe flow external to said 
City ge. 

illnace corpiising a 
a 'servoir ol 
citanaber coin 

which a portion of 
t constitites a secondary, and a 
Irinary vindig so positioned with rela 
tion to Sici secondary that fluid pressures 
'arying in an axial direction are produced 
ili Saitt chailer due to electromagnetic re 
pulsio: if \veen said primary and second 
arly C3 using liaiti'ectional flow of charge in 
said chainbal' in an axial direction and re 
till a flow thro' Srl, said reservoir. 

16. An init?:tion furnace comprising a 
magnetic core, a primary winding on said 
C(i.e. a circible coil rising a reservoir and 
a looed (han ber having of long transverse 
sections interlinking said core containing a 
portion of the charge constituting a second 

O 

v 

aly, said challier continicating with said 
''Serv)ii at }}{}site ends of such transverse 
sections act icing so positioned with respect 
to the pillary wilding that the fluid pres 
suite electro-nagaetic repulsion be 
twee: iiia"; and secondary is greater at 
one end of said sections thau, the other, whereby cirgiliation of charge is produced 
etween said chamber and reservoir. 
1. All indiction furnace comprising a 
11: FY in ling, and a crucible providing 

a rest 'tii and a looped chamber having 
all (liong ti'aasverse section containing a 
portion of the charge constituting a second 
ary, said chamber communicating with the 

An induction furnace comprising the 
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reservoir at opposite ends of such transverse 
section and being so disposed with respect 
to the primary that one end of such section 
is farther from the primary than the other. 

18. 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 and reservoir comunicating with 
each other at their extremities, and a pri 
mary winding associated with said second 
ary 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 

1,595,970 , 

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 E. . 

r 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 said section. 
In witness whereof, I have hereunto set 

my hand this 28th day of December, 1921. 
JAMES M. WEED, 
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