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UNITED STATES PATENT of FICE 
2,320,692 

NDUCTION FURNACE 
James R. Wyatt, Llanerch, Pa., assignor to Ajax 

Electric Furnace Corporation, Philadelphia, Pa., 
a corporation of Pennsylvania. 

Application September 19, 1941, Serial No. 411,461 
(C. 13-29) Claims. 

This invention deals with electric furnaces of 
the Submerged resistor type and has for its pur 
pose the improvement in circulation of molten 
metal in the melting cannels of such furnaces. 
A purpose of the invention is to provide a fur 

nace of the class described having plural primary 
coils and plural melting channels or secondary 
loops. So arranged on a common iron core assem 
bly that the repulsion force due to end effect on 
the melting channels by their respective primary 
coils and the attraction forces due to interaction 
of adjacent melting channels on each other can 
be superimposed to create an enhanced and con 
trollable pressure differential on molten metal in 
the respective melting channels for circulating 
Sale 

A further purpose is to provide a furnace of 
the class, described having a strong unidirectional 
circulation in the melting channels. 
A further purpose is to provide a furnace of 

the class described in which the degree of stir 
ring may be controlled as a function of the way in 
which the lining is formed or by variation in the 
electrical connections to the primary coils or by 
variation of the location of the primary coils with 
respect to the melting channels. 
Further purposes will appear in or be evident 

from the specification and the claims. 
Figs. 1, 2 and 5 are diagrammatic representa 

tions of the principal elements involved in a 
furnace of the type described, and are used in 
conjunction with the description to illustrate the 
effect on the circulation forces of the relative location of secondary loops with respect to the 
primary coils. 

Figs. 3 and 4 are cross section elevation and 
plan views of a furnace built in accordance with 
the present invention. 

Fig. 6 is a wiring diagram showing secondary 
loops in diagrammatic form and is used in con 
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and primary inducing winding. In operation, 
When the primary winding is excited current is 
induced into metal in the melting channel which 
heats same and which because of the electrical 
repulsion and pinch effect forces ejects the metal 
from the melting channel into the hearth proper 
and around colder metal in that portion of the 
furnace. 
AS hot metal is expelled from the melting 

channel a circulation is set up and colder metal 
is supplied to the channel. 
The circulation of metal from and to the melt 

ing channel is a function of many variables and 
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most of the patents which have been issued for 
this type of furnace have dealt with methods for 
changing and varying the type or degree of cir 
culation. If circulation is sluggish the amount 
of power which can be taken care of by the melt 
ing channel is limited. If the metal is heated 
more rapidly than the heat can be distributed to 
the metal in the hearth proper a hot Spot will 
result in the melting channel and the furnace 
will fail. 
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junction with the description to show how cir 
culation control may be obtained electrically by 
varying end effect reactions between primary and 
secondary loops. 
The type of furnace to which the present in 

vention is applied is well known to the industry 
and has been amply described in previous patent 
files. Applicant's patents U. S. 1,201,671 and Re. 
16,967 are referred to. The present invention is 
an improvement over the types heretofore de 
scribed. . 

The Submerged resistor furnace comprises a 
hearth for holding molten metal, a depending 
melting channel or secondary loop opening into 
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The most successful design which has hereto 
fore been developed is one in which a two way 
circulation takes place. The legs of the melting 
channel meet at a point low in the furnace and 
the design is such that a strong circulation takes 
place upWard on the Outside portion of each leg 
and downward on the inside portion. Circula 
tion in the two legs is vigorous and extends al 
most to the low point. 

It has been the goal of designers of furnaces of 
the submerged resistor type to design a furnace 
wherein the metal in the melting channel can be 
made to flow in a unidirectional manner. U. S. 
Patent Re. 16,967, above referred to, probably 
describes the best attempt made thus far to 
achieve this, but although a unidirectional cir 
culation has been achieved it has not yet been 
made sufficiently vigorous for practical fast melt 
ing operations. 
In the present specification applicant describes 

an improvement over the older methods whereby 
he is enabled to obtain a much better control 
over the two way stirring and whereby, if de 
sired, he can obtain a very vigorous unidirec 
tional circulation; an improvement which he be 
lieves will contribute materially toward the de 
velopment of larger and faster melting fur 
naces. As the coil spacing and forces for uni 
directional stirring are more complex than for 
the Ordinary two way stirring most of the de 
scription will be directed to the unidirectional . 

said hearth and adapted to surround an iron core 55 stirring effect. 
  



2 
A discussion of the forces involved which ap 

plicant utilizes to, produce a strong unidirectional 
circulation or flow in the melting loop of a sub 
merged resistor furnace follows: 

Referring to Fig. 1, a primary coil , having an 
insulating sleeve and end pieces 2, surrounds an 
iron core member 3. Leads 4 connect the pri 
mary coil to a source of alternating current 
pOWer, not shown. A secondary loop 5 is adapted 
to surround the primary coil and core and repre 
Sents what would be the melting channe in an 
actual furnace. In tests made by applicant this 
loop comprised a single turn of heavy copper 
tubing adapted with water cooling means so that 
the mechanical forces involved could be studied 
without overheating of the parts. When the 
Secondary loop is placed in the position shown 
about the middle of the primary coil no mechan 
ical forces are evident. There is of course a 
mechanical force in a direction radially out from 
the axis of the primary coil but this is equal in 
all directions. As the secondary loop is moved 
toward the end portion of the coil as at 5' there 
is a very strong mechanical force tending to push 
it entirely off of the end and out of the electro 
magnetic field of the coil. This force is exerted 
at either end of the primary coil even though 
the Secondary loop is still linked electromagneti 
cally by the iron core. 

If the secondary loop 5 is moved so that one 
part of it is near the end of the primary coil 
and another part is near the center of the coil 
the mechanical force set up in it will tend to be 
great in the direction of the axis of the coil 
Where it is near the end of the coil and will be 
loW Where it is near the center of the coil. 

If two secondary loops are put close together 
around a single primary coil a mechanical force 
is exerted which tends to pull them together. 
This is due to the proximity effect or reaction 
Of the Secondary electromagnetic fields around 
conductors carrying current in the same direc 
tion. 

In Fig. 2 two secondary loops 5 are adapted to 
be placed around two electrically identical pri 
mary Coils , having respective end parts 2 and a 
common iron core 3. When the loops are placed 
near the centers of their respective primary coils 
no mechanical force due to end effect is notice 
able. There is some end effect on each loop due 
to the adjacent primary coil but this force is very 
little beyond the end of the coil and can be dis 
regarded. Similarly, when the secondary loops 
are near the mid points of their respective Coils 
the effect of one loop on the other is negligible 
because of the distance between them. This 
force also can be disregarded. 
In the instance described with reference to 

Fig. 2, it should be noted that even though the 
respective primary coils are electrically identical 
and even though they are placed very close to 
gether the leakage fields about each are so great 
that the combined effect as regards mechanical 
forces set up in the secondary loops is about the 
same as for two widely separated single coil as 
semblies. It is the utilization of this character 
istic which forms the basis of applicant's present 
invention, as by combining the end effect repul 
sion and the proximity effect attraction of the 
two secondary loops he has been able to obtain 
a considerably greater mechanical force and a 
better method of controlling that force than has 
heretofore been described, whether the desired 
stirring is unidirectional or two way. 
In Fig. 2, when the secondary loops 5 are in 

5 

O 

20 

30 

40 

50 

60 

70 

75 

2,820,692 
the positions shown by the solid lines, each ab 
SOrbs power from its primary coil much as in the 
Standard single coil furnace. The only forces ex 
erted are in a radial direction from the axis of 
the core. The reactions on the secondary loops 
from the adjacent primary coils and the reac 
tions between the secondary loops themselves are 
practically negligible. The total results are quite 
similar to what would be expected if the two coils 
were made into one continuous coil threading the 
two secondary loops. 

If the two secondary loops are brought to 
gether near the point where the two primary coils 
meet and as they approach each other over the 
ends of their respective coils, end effect on each 
secondary loop, by its primary coil, begins to be 
come evident and the loops are vigorously pushed 
toward each other. As they approach each 
other the proximity effect due to the reaction 
of each loop on the other becomes effective and 
the loops are also pulled together by this force. 
By this construction the repulsion and attraction 
forces are superimposed and a very strong total 
force is exerted tending to hold the secondaries 
together. Both forces are of a major nature and 
even with the simple apparatus used in test the 
force exerted was so strong that one could not 
move the loops apart or hold them apart with 
out mechanical aids. 
Where two such secondary loops are energized 

by a single primary coil, no end effect forces are 
evident and the attraction of each loop by the 
other, while as great as in the two coil instance, 
is not nearly so great as the combined forces ob 
tainable, and cannot be controlled as can the two 
coil effect. 
If the two loops of Fig.2 are placed in the 

positions shown by the dotted lines the end and 
proximity effects are great where they are close 
near the ends of their respective primary coils but 
are low or negligible where they are Spaced near 
the centers of their respective primary coils. 
The mechanical forces which have been de 

scribed with reference to Figs. 1 and 2 can be 
measured but their effect on the circulation of 
metal in the melting channels of a Submerged 
resistor furnace does not become evident until the 
loops are opened and arranged as in an actual 
furnace. 
In Figs. 3 and 4 a melting furnace is shown in 

which the mechanical forces heretofore described 
are incorporated. In these figures applicant has 
provided a hearth having refractory walls 6, 
secondary loops or melting channels , in the 
lower part of the furnace and primary coils 8 
surrounding an iron core assembly 9. As in the 
dotted lines in Fig. 2 the melting channels or 
secondary loops 7 are placed close together and 
near the ends of their respective primary coils at 
one side of the furnace and for apart or near the 
mid portions of the same coils at the other side 
of the furnace. They are here shown as rectan 
gular tubes having a smaller cross Sectional area 
where they are closer together than elsewhere, al 
though this is not a primary consideration. An 
other feature of the construction as shown, which 
is desirable but not required, is that the melting 
channels or secondary loops are spaced further 
from their respective primary coils at the point 
where they are close together and join the furnace 
hearth. 
The usual appurtenances which are customary 

for a furnace of this type such as power supply, 
Switches, casings, support members, trunnions 
for tilting the furnace, etc., have been omitted 
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from the drawings to avoid confusion. It is as 
sumed that such features are well known to 
those skilled in the art and need not be con 
Sidered in this specification. w 
With the construction shown in Figs, 3 and 4. 

the primary coils when energized will induce cur 
rent which will flow through the metal in the 
Secondary loops and the hearth. Because of the 
shapes of the loops this current will be crowded 
in the restricted portions, and be less dense else 
where in the loops and hearth. The electromag 
netic fields set up about the primary coils and 
Secondary loops will be greatest and the reactions 
will be greatest where these restricted portions 
are close together. 
A maximum pressure will be produced at the 

point where the loops are placed close to each 
other which is due to the superimposing of the 
following forces-the end effect of each primary 
coil on its Secondary loop tending to push the 
metal in the two loops toward each other; the 
proximity or attraction force due to the reaction 
of each secondary loop on the other tending to 
pull the metal in each loop toward the other and 
adding directly to the aforementioned end effect; 
the repulsion effect due to reaction between each 
Secondary loop and its primary Coil, tending to 
force the metal radially away from the trans 
former axis; the pinch effect force due to the cur 
rent induced into each secondary loop by the 
primary coils and tending to force the metal in 
both directions along the loop from the point of 
greatest current concentration, and the funnel 
effect due to unequal distribution of current in a 
cone shaped inductor tending to cause the metal 
in the loop to flow along the center of the loop 
Section from the restricted point toward the less 
restricted points. Other forces such as motor 
effect due to reaction on the secondary loops by 
the primary coils and by other parts of the sec 
ondary loop itself may be utilized. That these 
forces are of a definite and useful nature is due 
primarily to the Superposition. On the other forces 
of the forces due to end effect, which heretofore 
have not been considered in the construction of 
Submerged resistor melting furnaces. 
In the furnace described the forces combine to 

move the liquid metal from the hearth through 
the melting or secondary loops and back into the 
hearth. The direction of circulation is counter 
clockwise from the section of greater to Sections 
of lesser pressure. In the instance cited, there will 
be some tendency for and possibly some eddy flow 
of molten metal in a clockwise direction, or up 
ward from the point in the channel or loop 
marked X, due to the pinch effect force, but sub 
stantially all of the other forces, including an 
equal component of the pinch effect force, will 
tend to make the metal flow in the counterclock 
Wise direction. 
Since the forces utilized in applicant's present 

invention usually become greater as the melting 
channel or loop sections are placed closer to 
gether applicant believes that in Sorne instances 
they can be actually joined without detriment, 
and that even greater current concentrations and 
circulation may be effected by so joining them. 
In Fig. 5 applicant has shown four secondary 

loops or melting channels and four primary coils 
so arranged that each of the four loops is af 
fected by end effect forces at one point in its path 
and so that the four secondary loop sections so 
affected are spaced close to each other whereby 
each tends to exert an influence on the other 
three, In this figure the individual loops could 

0 

20 

2 5 

30 

40 

50 

60 

3 
be joined to form a single loop section as at the 
dotted circle C. 
While the feature of unidirectional circulation 

has been described very fully in this specification 
it is but one beneficial feature of applicant's in 
vention as by the judicious spacing of the primary 
coils and melting loops a substantial control of 
the circulation may be obtained whether uni 
directional or two way stirring is desired. Many 
arrangements suggest themselves where a plural 
ity of primary coils and Secondary melting chan 
nels or loops may be arranged to accomplish the 
purpose of absorbing energy and utilizing end 
and proximity effects for controlling metal circu 
lation. Some such arrangements are for coils 
of unequal mechanical or electrical design; for 
single or polyphase or other multi-coil construc 
tions; for separate magnetic core assemblies; for 
variations in Secondary loop shape or Section, and 
the like. These are deemed but Wariations of ap 
plicant's invention and it is not believed a full 
list of such possibilities is here necessary. 
The characteristics of a furnace of this type 

depend largely on the location and shape of the 
melting loops with respect to the primary induc 
ing coils and can be widely controlled for differ 
ent types of metal melting or for different melt 
ing speeds by varying the secondary loop or melt 
ing channel arrangements while the linings are 
being installed. Thus for fast or for high tem 
perature melts the circulation must be higher 
than for slow or low temperature melts. Then 
too there is some advantage from the efficiency 
Standpoint in not having more circulation than 
is required for a given melt. 
Some control may be built into the furnace 

proper to allow for making electrical or mechani 
cal changes during the operation of the furnace. 
The most common is by control of voltage on the 
primary coil and is accomplished by external 
voltage control or taps on the primary coils. In 
some instances the relative location of coils and 
melting loops may be changed mechanically by 
shifting the location of the primary coils with 
respect to the secondary loops as illustrated in 
Fig. i. In other instances the relative locations 
of primary coils and secondary loops may be 
shifted electrically as by some such circuit as 
shown in Fig. 6. 

In Fig. 6 are shown two primary coils and 
two secondary loops 5, surrounding an iron core 
piece 3. The secondary loops are arranged to be 
sufficiently close in one section of their path to 
react with each other, but are spaced sufficiently 
inside the ends of their respective coils so that 
When these parts of the primary coils are ener 
gized no end effect results. The primary coils 
are so arranged that lengths. A can be energized 
in which case the end effect force is not great, 
or so that lengths B can be energized bringing 
the end effect force into play. The parts of the 
coil to be used can be controlled by the switch 
O effecting a circulation control without mate 

rially affecting the power input to the melt. 
Applicant believes that in designing a furnace 

to utilize end effect in conjunction with the other 
forces available for causing circulation in a sub 
merged resistor furnace he has greatly advanced 
the possibilities for extending the use of such 
furnaces into fields of larger and faster melt 
ing. He believes that his invention herein de 
scribed is new and patentable and requests that 
U. S. Letters Patent be granted to him for all 
that is claimed, as follows: 

1. An electric furnace of the submerged re 
  



4 
sistor type comprising refractory walls, a hearth, 
a plurality of melting channels Opening in and 
depending from said hearth, a separate but elec 
trically generally similar primary coil associated 
with each melting channel, each said melting 
channel having a portion positioned substantially 
at and other portions spaced from an end of its 
respective. primary coil, said portions near the 
coil ends being positioned close to each other. 

2. An electric furnace of the submerged re 
sistor type comprising refractory walls, a hearth, 
a plurality of melting channels opening into and 
depending from said hearth, a primary coil as 
Sociated with each melting channel, a common 
iron core threading the primary coils and melt 
ing channels, each of said melting channels hav 
ing a portion of restricted section as compared 
with other Sections said portions being positioned 
close to each other and each said portion being 
positioned closer to an end of its respective pri 
mary coil than other portions of the same melt 
ing channel. 

3. An electric furnace of the submerged re 
sistor type comprising refractory walls, a hearth, 
a pair of melting channels opening into and de 
pending from said hearth, a pair of Substantially 
identical primary coils placed adjacent to each 
other around a common iron core, each associated 
with one of said melting channels, each of said 
melting channels having a portion of restricted 
section as cohnpared with other sections, said 
portions only being positioned close to each other 
and close to the adjoining ends of their respec 
tive primary coils. 

4. In an electric furnace of the submerged re 
sistor type comprising refractory walls, a hearth, 
a pair of melting channels opening into and de 
pending from said hearth, a pair of 'substantially 
identical primary coils placed around opposite 
legs of a common iron core each associated with 
one of said melting channels, each of said melt 
ing channels having a portion of restricted sec 
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tion as compared with other sections, said por 
tions only being positioned close to each other 
and close to an end of their respective primary 
coils. 

5. An electric furnace of the submerged re 
Sistor type comprising refractory walls, a hearth, 
a pair of melting channels Opening into and de 
pending from said hearth, said channels being 
closely spaced at one side of the furnace and 
Widely spaced at the other side of the furnace, a 
pair of substantially abutting primary coils sur 
rounding a common iron core and threading said 
channels, the lengths of said coils being such 
that they extend well beyond the secondary chan 
nels on their extreme ends and beyond said 
channels on their abutting ends and electrical 
Switching means for optionally energizing the 
coils except for portions at the abutting ends or 
except for portions at the extreme ends. 

6. An electric furnace of the submerged re 
sistor type comprising refractory walls, a hearth, 
a pair of melting channels opening into and de 
pending from said hearth, a pair of primary coils, 
similarly connected to a single phase source of 
alternating current, placed end to end and close 
to each other around a common iron core, each 
associated with one of said melting channels, said 
melting channels being positioned at least in 
part close to each other and close to the adjoin 
ing ends of their respective primary assemblies. 

7. An electric furnace of the submerged re 
sistor type comprising refractory walls, a hearth, 
a pair of melting channels opening into and de 
pending from said hearth, a pair of primary 
coils, similarly, connected to a single phase source 
Of alternating current, placed end to end and 
close to each other around a common iron core, 
each associated with one of said melting chan 
nels, said melting channels being positioned close 
to each other and close to the adjoining ends of 
their respective primary assemblies. 

JAMES R. WYATT. 
  


