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My invention relates to electric furnaces
of the so-called coreless type in. which a
furnace inductor surrounds the charge being
melted or heated and in which the magnetic
circuit is not completed through the inductor.

One of the purposes of my invention is
to substantially eliminate the stray magnetic
field about a furnace inductor coil free from
interthreading of transformer iron.

A further purpose'is to provide a return
magnetic cirenit for a coreless furnace, per-
missibly without but preferably with excita-
tion of the return circuit corresponding with
the lines of force which are intended to
fiow through it.

A further purpose is to provide a return
magnetic circuit for a coreless furnace with
a magnetizing coil or magnetizing coils help-
ing to control the direction of the magnetic
return flux of the furnace. _ '

A further purpose is to provide a return
magnetic circuit fér a furnace induetor hav-
ing a multiplicity of parts and to so pro-
portion them and the compensating wind-
ings upon them as to make the induced lines

equal the total strday lines for which return

is to be provided and minimize the average
length of the return circuit.

A further purpose is to permit the use -

of iron strengthening and supporting frame
structure freely in furnace  construction

. without objectionable effect upon it by stray

4

magnetic field. .

A further purpose is to so far improve
the magnetic return circuit of the field pro-
duced as to greatly improve the power fac-
tor and thus reduce the condenser capacity
required to correct it.

A further purpose is by the improvement
of power factor to.increase the energy com-

ponent of the current through a furnace coil™

and thus increase the concentration of energy
in the charge as compared with the same
quantity of current passing through the in-
ductor.

A further purpose'is by improvement of
power factor and concentration of the re-
turhing lines of force at the bottom of the
furnace to greatly improve the stirring effect.

A further purpose is to utilize greatly in-

creased stirring effect obtained to produce
more effective and quicker intermixing of

treating or alloying ingredients and quicker

slagging than is otherwise available.

Further purposes will appear in the speci-
fication and in the claims.

My invention relates to the methods
involved as well as to certain apparatus by
which these methods may be carried into
effect. ~

I have preferred to illustrate my invention
diagrammatically by one main form only
among many forms in which it may be
presented, selecting a form which is simple,

. practical, efficient, reliable and inexpensive,

and which at the same time well illustrates

‘the principles of my invention.
Figure 1 is a purely diagrammatic sec- .

tiona! elevation of the inductor coil of a
coreless induction furnace omitting power
factor correction and current supply for
it, but showing in one plane the general
shape of the effective and stray magnetic
fields produced in all planes through the axis
of the coil. | :
Figure 2 is a diagrammatic sectional ele-

‘vation corresponding generally with Figure

1 but showing the effect upon the stray field
of a magnetic return circuit. ‘
Figure 3 is a2 diagrammatic sectional ele-
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vation similar to Figure 2, but in which the -

magnetic return circuit is shown on both
sides of the coil. - B

Figure 4 is a diagrammatic top plan view
of a form corresponding generally to Figure
3 but in which the magnetic return circuits
have been shown as increased in number
and radiating from the coil.

Figure b is a diagrammatic side elevation
of a. circular or anchor ring uniformly
wound. . ‘

“Figure 6 is a diagrammatic side elevation
of a rectangular ring approximating the
magnetic conditions of Figure.5 except in
so far as it has portions of different cross

.section and of different spacing of the

winding. :

Figure 7 is a diagrammatic sectional ele-
vation of a rectanguizr ring but with a fur-
nace inductor coil frec from interthreading
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~ section of a he'ating furnace.

of transformer iron interposed instead i
part of the wound magnetic civeunit. Tho
magnetic circuit corresponds genevally with
that in Figure 2.

Figure 8 is a diagrammatic secti
vation of a structure baving the
and having a yoke circuit co
with the magnetic return circuit of ¥'ig

Figure 9 is a diagrammatic section:
vation corresponding generally to Figure
except that the return circuit is shown as
cluding a multiplicity of wound legs.
magnetic circuit is comparable in effeci
that of Figure4.

Figure 10 is a diagrammatic sectionat ele-
vation’ corresponding with Figure 7 except
that it shows the winding for the . vetic
circuit as concentrated upon the side ¢! the
return circuit yoke leg shown.

Figure 11 is a diagrammatic top plan view
showing the form of Figure 9 except that
the tops of the legs have been omitted and
the winding has been concentrated upon cach,
leg of the yoke as in Figure 10. -

Figure 12 is a diagrammatic top plan
view of a figure corresponding generally
with Figure 11 but showing a modification
of the electric.circuit.

Figure 13 is a diagrammatic sectional cle-

s0. vation corresponding generally with Fig-

ure 12 but showing a crucible 1n place with
a non-magnetic content in the crucible. -
Figure 14 is a diagrammatic sectional side
elevation showing the surface of the cru-
cible as covered by a slag and lifted by the
stirring operation.
Figure 15 is a di atic longitudinal
Figure 16 is a diagram illustrating my in-
vention.
In the drawings
like parts.
- There is a

similar numerals indicate

great ‘advantage in electric

. furnaces in having the inductor coil directly
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_casings of frame work

surround the charge without necessity for

“interthreading of transformer iron-through

‘the coil. Such furnaces, with the furnace in-
ductor coil directly surrounding all or a part
of unthreaded by furnace iron are for
convenience called coreless furnaces.
Coreless furnaces have been quite success-
ful in smaller sizes but unless they can be
streng‘.hened externally by steel or metallic
they are more difficult
to build in large sizes. Wgexe these furnaces
are to be for heating as distinguished
from melting operations (as in the case of
ngots, blooms, billets, etc.) their usefulness
may be reduced because of the lack of
strength and ruggedness of the furnace con-
‘struction. In the past the use of metal and
particularly - magnetic. material in casings
and in struct

naces has not been permissible because of the

reinforcement about or 1n" -
.very large coreless induction electric fur-

1,354,725

¢ excessive stray magnetic field which these

turnaces have had.

This stray field has been due to the sl
sence of magnetic return circuits for
iner of force induced in the furnaces. 7
me stray magnetic field has been ob
able slso for the reason that if ha
» machinery and apparatus in the

1

ing of the coreless furnaces from othe
ratus than would otherwise have

. quired and unduly otherwise restrici:. i
\ .equipment of the furnaces.

The heating of outside metal objciis of
the stray field has not been objecti aabl
because of the damage done and r=
imposed alone but calls for an :
magnetizing current through the cuils,
ering the furnace efficiency. .

The stray field of the furnace is highly ob-
jectionable for another reascn. o that it
lowers the power factor of th wce and
reduces the power input per ampers firn in
the coil of the furnace inductor thus limit-
ing the output of any given furnace.

1 have discovered that all of the objections
above can be cvercome and that the objec-
tionable stra: field can be taken care of sub-
stantially in its entirety by simple magnetic
and, electromagnetic means which not only
provides substantially complete paths of re-
turn for the magnetic lines but utilizes the
paths effectively, to concentrate the return
magnetic circuit and to greatly increase the
stirring of the furnace. Thi$ increase in
the stirring opens up greater possibilities of
treatment of molten content such, for exam-
ple, as rapid introduction and thorough in-
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ter-mixtures of chemical elements either di-

rectly within the content or indirectly by ;

slagging. ,
In coreless induction furnaces as hereto-
fore constructed the magnetic field 20 of an

inductor coil 21 takes substantially the form
indicated by broken lines in Figure 1 as in
any straight solenoid.

That this is true most of the time notwith-
standing that the induction furnace may op-
erate upon iron, steel, nickel or other mag-

netic materials or alloys will be evident from

the fact that during a large part of the time
of operation of the furnace even upon those
metals the temperature of the charge will be
high enough for the charge to have lost its
magnetic properties. At temperatures below

this point (the recallescence point in steel)
the magnetic properties may be ignored for
our purpose or compromised or adjusted by

the return circuit winding because the gen-

eral character of the stray. field remains not-

withstanding that its value has been some-
what changed. ~ . '

The field outside the inducing coil serves
no useful purpose (whether the content be
magnetic or non-magnetic) and may intro-
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duce serious heating and energy losses in
solid conducting material in the surrounding

medium especially in magnetic materials;

with the result that it is impractical to pro-
tect such furnaces by enclosing them in close-
ly fitting metal casings as above. .

If the furnace is to approach its full use-
fulness and be free from size lumitations due
to the stray field above noted, this field must
be substantially eliminated. I have discussed
in my further figures methods and means by
which this elimination can be accomplished.

I have found by tests that the stray field
may be greatly reduced by a return circuit 22

outside of the inductor coil of low magnetic-

reluctance (resistance) consisting of thin
sheets (laminations) of transformer steel or
other highly permeable materials having
sides 23, top and bottom portions 24, 25 and
end portions 26, 27 around the inductor coil,
as in Figure 2. The stray field 20" is also
altered in position by this return as shown
in the figure. - :

The uniformity of the return and the path
of return are greatly improved by dividing
the circuit on opposite sides of the inductor
ag shown in Figure 3, reducing the cross sec-
tions required for sides 23"-and tops and bot-
toms 247, 25’. The end pieces 26, 27 have
been omitted in this figure as they seem to
affect the result but little. The return is
further improved by increasing the number
(and permissibly reducing the cross section)
of these radially disposed return circuits as
shown in top plan view in Figure 4, the the-
oretical permeance preferred of course being
reached when the magnetic circuit forms a
shell completely surrounding the coil. A
very close approximation is reached with the
radially divided return circuit shown in Fig-
ure 4, having sides 232, tops 24* and corre-
sponding bottoms not shown. »

It is well known that when a ring core of
magnetic material and of uniform cross-sec-
tion is uniformly wound, a current through
the coil will produce a large number of mag-
netic lines within the ring and yet be free
from stray or external field. The apparent
reason for this is that each portion of the
winding independently provides magneto-
motive force to supply the requisite flux lines
of its own portion of the length of the mag-
netic cireuit. Such an arrangement is shown
in the iron ring and winding of Figure 5.

Subject to such qualifications as might be
due to variations in permeability, a very close

approximation to freedom from external field-
is secured even when the cross-section of the

magnetic circuit is varied as in Figure 6,
provided the winding be varied so as to make
the ampere turns per unit length of each
section of the ring vary according to the re-
luctance of that portion of the ring. In Fig-
ure 6 where the ring has-been shown of vary-
ing cross-sections at 23%, 24%, 25° correspond-

ingly different numbers of turns are shown

‘about the different cross-sections.

Because the current through the different
windings must be in phase, the winding
should be in series and the number of turns
will vary inversely with the cross-section. -

As compared with the circular form of
Figure 5, the rectangular forms of Figures 2,
3,4, 6 and 7 form very close approximations,
the differences being negligible in practice.

-In the diagrammatic illustration there has
been no intention to make the number of lines
of force induced by the coil 29 in Figure 5
equal those induced by the coils 30, 30", 307,
30%, nor those induced by the coils used in the
other figure, but merely to indicate that in
any given magnetic circuit, for the best re-
sults the winding should be uniform for uni-
form -reluctance and that where the cross-
section is not uniform the closest approach to

freedom from external magnetic field is se-.

cured by winding each portion of any given
circuit with turns to give throughout the cir-
cuit the same number of lines of force through
the cross-section, whatever the section.
Where the section of permeable material ‘is
uniform, as at 234, 24¢, 254 264, 274 in Fig-
ure 7, the closest approach to freedom from
external field is to be secured by uniformly
spaced windings as in Figure 5. .

Let us assume in Figure 6 that in 'place
of the core section and coil 28, 80%, an in-
ductor coil 21 having an air gap be substi-
tuted as shown in Figure 7. The inductor
coil will have a content equivalent magneti-
cally to an air core since non-magnetic ma-
terial would act as air would and even mag-
netic material would normally be treated in
a heating or melting furnace at a temperature
above that at which it would lose its mag-
netism. - ‘

Evidently an air gap inductor coil could be
made to take the place of part of the magnetic
circuit of Figure 7, provided the ampere

turns of the windine be such as to produce
p

the same number of lines of force within this
portion of the magnetic circuit as are pro-
duced by the windings of the other parts
of the circuit.

Putting this the other way, and applying
to the problem at hand, a magnetic circuit
with the current about it in phase with the

current through. thé inductor coil may be

so selected as to produce the same number
of lines of force through the magnetic cir-
cuit as are produced by the solenoidal in-
ductor winding, with the result that nearly
all of the flux through the inductor is re-
turned through the magnetic circuit and
outside or stray magnetic field from the in-
ductor coil is substantially eliminated. The
windings are shown at 31, 82, 33, 34 and 35.

Just as the permeable material on one side
of and above the inductor coil in Figure

.2 can be replaced to advantage in taking care
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shows in Fi

4

of nearly all of the m: ic lines of force
by the construction of Fi 3, and more
.completelé by the construction of Figure 4,
so also the single electro-magnetic return
path of Figure 7 can-be improved by placing
the permeable material upon opposite sides
of the inductor coil as in Figure 8 (droppin;
the portions 26 and 27 and windings 34 ang
35), and still further improved by distribut-
ing the electro-magnetic return circuits
about the circumference of the inductor as in
Figure 9. The windings are shown at 31’,
32" and 33’ in Figure 8 winding 31* only
re 9.

I have found that it makes very little dif-
ference in the magnetic circuit whether the
winding be uniformly distributed or whether
it be grouped as in Figure 10 and, as 1t is
very much more convenient to
windings at a small part of the length of the
magnetic return circuit' I. prefer to use a2
gr'(ﬁlp or localized lwinding. b :

e grouping or izing of the winding
shown at 36 in Fi ocr:h;gxi of course not
advantageous in that form alone; but is

equally advantageous where the return mag-.

netic circuit is divided up into many parts
as in Figures 8 and 9. is localization of
winding is applied to the divided magnetic
cireuit in Figures 11-14.

For convenience in the manipulation of

‘furnaces built u%on this principle, the mag-

netically permeable top legs of magnetic ma-
terial 24, 24’, 24* (Figures 2-4), 243, 24+, 24°
and 24°* (Fi 6-10) .are preferably
omitted as in Figures 11,12, 13 and 14 and the
increased ampere turns due to this increase
in magnetic reluctance in this part of the
circuit are to be provided by the furnace'in-
ductor coil. : .

This omission of the top legs produces a
stray field at the top of the furnace. How-
ever, tests have established that no objection-
able results follow and in fact that a pesitive
advantage is obtained in certain cases in that

the stray field assists in melting down the

charge where the charge has been piled u
above the furnace to gve P P

Whatever stray field there is in this form
is limited to a. comparatively short space im-
mediately above tge furnace and about its
upper end where there is no encising struc-
ture and where little damage can be done to
surrounding metal parts. :

I have found that a close approximation to
the localized windings of the compensating
eoil in Figures 11, 13 and 14 can be obtained
without the necessity for winding these com-
pensating coils individually about the legs.
In Figure 12 I have shown the compensating
windings at 36’ as localized and as surround-
ing the group legs of the return magnetic
circuit as distinguished from surrounding
the individual legs. Each form has its ad-
vantages but the simplicity of the form of

group the-

1,884,725

Figure 12, the smaller furnace width required
by it and the fact that the lines of force set
up by it affect the space between the legs as
well as the actual area occupied by them suit
this Figure 12 form better than the individ-
ual windings to general use. . .

In Figures 11-14 my invention is applied
diagrammatically to an induction furnace
of the melting type in which as a rule it is
desirable to lift the furnace bodily for tilting
purposes or to transfer it bodily from the
position of melting to the position of pour-
ing. In either event increasing furnace sizes
bring strains upon the furnace which cannot
be taken care of to the best advantage without

‘steel or other metal casings, supports or re-

inforcements for the furnaces. In these fig-
ures I have variously illustrated the strength-
ening or reinforcing steel at 37, 37", 872, 372,
intending the illustration to be purely dia-
grammatic and omitting the intermediate

70

(N

8C

connecting furnace structure and refractory. -

Though the casings shown in these figures are
preferably of shell form it is not the inten-
tion to indicate that any such restriction at-
taches to these casings, supports or reinforce-
ments as the freedom from stray field leaves

the designer free to utilize any form of fab- .

ricated or other metal reinforcement or sup-
port which may sunit his purpose. .

The capability of thus properly support-
ing the furnace or without regard to stray
magnetic field is an important feature of my
invention. ‘

It is also not the intention in the furnaces
shown to indicate that the container 38 shall
necessarily be a crucible or other preformed
container as my invention is wholly free
from limitations of this character, permit-
ting the melting to be performed in a pre-
formed container, or in a bed or shell formed
in the sand or other surrounding insulating
material itself by the heat of the melt as is
frequently done at the present time. _

The marked improvement in the return
magnetic circuit for the lines of force pro-
duced by the furnace inductor coil reduces
the size of the magnetizing component of the
current through the furnace cojl, thus rela-
tively increasing the energy component and
correspondingly improving the power factor.

For the same coill winding this reduction
in the percentage of the magnetizing com-
ponent of the current permits a larger energy
component of the total current through the
coil if the combined current be kept the same,

.giving more rapid and effective heating and

very noticeably increased stirring of the
moltent content.

As compared with the furnace when not
in action, the metal surface is flat at 38 on the
upper surface of the content 39. I find that
the pinch circulation is so much increased
as to secure a high crowning of the center. of
the metal as at 838’ when the current is turned
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on. In some tests made to determine this the
center was higher than the edges to an ex-
tent approximating the radius of the melt..

" The metal comes up the center and down
along the sides as in the usual pinch circula-
tion but to a more marked degree than I have
been able to secure without the present inven-
tion. This is due not only to the excellence
of the magnetic side path of return but to the
positioning of the bottom of the magnetic re-
turn directly beneath the charge and close
to it.

'The improved pinch circulation is effective
to very much increase the speed of mixing of
added ingredients to the metal and to corre-
spondingly’increase the-speed of “slagging”

. the metal by any slag covering such as is

20

shown at 40 in Figure 14.

The discussion has been made general and
the figures have been made diagrammatic for
the reason that it is recognized that the above
invention is applicable to any type of coreless

- induction furnace whether it contain a cru-

25

cible or not and whether it melt or merely
heat metal.

It is recognized that in some locations, par-

ticularly in heaters where the metal is not to

- be melted, such as in re-heaters for ingots, it

30
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is desirable to have the bottom of the fur-
nace open as well as the top. Such a furnace
is shown diagrammatically in Figure 15 with
an ingot in place. The field-eliminator yoke
used here differs slightly from that used in
the melting furnaces in that there is no bot-
tom and that the ends of the laminated legs
41 are shown as slightly turned in abouat the
coil for the purpose of protecting the coil
against injury from the ingot or other con-
tent which is being heated as well as to im-
prove the magnetic return circuit. The fur-
nace is externally protected by a steel jacket
42. The furnace 1s shown as horizontal for
the purpose of permitting feeding of the in-
got 1n at one end and out at the other. In so
far as the coil is intended to heat or treat a
charge longer than itself the same advantage

above the inductor coil in the other figures.

Experiments have been performed to gain
some idea of the benefit secured by the use of
the field-eliminator yokes. The experiments
amply verify the statements made that my
various departures from the conditions of
the closed ring with uniform permeability
and uniform winding cause so little stray
field—and that localized above the furnace—
as to maintain very close total approxima-
tions to perfect return conditions.

These experiments give a fair general idea
of the results to be obtained by the use of my
return magnetic circuit without and with the
compensating coils. - They show that the lam-
inated sheets alone secure a considerable ad-
vantage even without the windings and that
increasing strength of compensating wind-

5

ings continues to improve conditions up to
a point of equalizing the return field and
with further increase in the number of turns
the windings cause an increasing stray field
which finally becomes worse than that at the
beginning. The amount of the stray field
was determined by exploratory coils. -

I find that there was a shght difference
between the. stray field when no yoke was
used and the charge was in the furnace as
compared with that when no yoke was used
and the furnace was without charge, other
conditions = remaining the same. Field
strengths appear at A and B respectively in
the curve comprising Figure 16 in which the
ordinates represent comparative strengths
of stray magnetic fields and the abscisse rep-
resent the number of turns of compensating
winding utilized on the yoke.

When the magnetic return was used with-

out passing any current through the coils the -

stray field dropped from B to C. With cur-
rent through a progressively iricreasing num-
ber of turns on the yoke the stray field reduced
as will be seen nearly to zero indicating a

‘probable zero curve position”at some such

point as D. With increasing number of turns

-the stray field increased from the low points

represented on both sides of the poini D up
to and finally beyond the initial strav field
when no yoke was used, the stray field in the
portion X of the curve representing tha: &
to the excess magnetization from tire ¢
the yoke beyond the strength of the sir
due to the inductor ceil.

It will be seen that the experiments pictted
in the curve amply confirm the claims as to
reduction of stray field by the construction
indicated. This makes 1t possiblé to en-
tirely disregard ‘the stray field in the de-
sign of the furnace using iron or steel casing
and structural iron without regard to its
direction of extension or. to ‘its continuity
about the furnace.

" The improvement of the path of return for

. the magnetic flux in addition to substantially
is found as in the case of charges extending -

eliminating the stray field, so far reduces the
magnetic reluctance of the entire circuit as
to greatly increase the power factor. In ex-
periments which were made the power fac-
tor ‘was improved 25 percent.

The improvement in power factor also
secures important advantages in that less cor-
rective capacity is required for a given size

-and output of furnace. Also, since the heat

transfer to the charge is limited by the

-amount of current that can be passed through

the furnace inductor coil without excessive
heating, the reduction in magnetizing cur-
rent component permits-a larger percentage
and hence a larger amount, of energy compo-

- ment of the current to pass through the induc-
tor coil. Asthe input of heat into the furnace

is. proportionate to the square of the energy
component of the current the improvement
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in the power factor causes a disproportion-
ately greater improvement in-the heating and
hence in the output of the furnace.

The effect of my field-eliminator yokes is

8 just as if I had provided a magnetic return

path of zero reluctance; yet with little cur-
rent cost. The number of compensating
turns is very small, much smaller than sug-
gested by the figures, one or a very few turns

10 being sufficient in larger furnaces.

40

Because of the small number of turns re-
quired it may be desirable to shunt part of
the- circuit about the compensator coil or
coils so as to get the effect of fractional turns,
either a Eeart of a turn or an intermediate
position between adjoining numbers of full
turns. The shunt must be desi
‘to vary the phase of the current through the
compensating winding. The same method
can be used to effect an adjustment of the
compensation required for non-magnetic and
magnetic charges respectively, shifting from
one compensation to the other as the charge
becomes magnetic or. ceases to be magnetic,
or to secure a fixed compromisé compensa-
tion which shall reasonably approximate the
exact com tion estimated for each. -

It will be apparent that with the disap-
pearance of the stray magnetic field the pro
lem of forming a return magnetic circuit
for a solenoid free from interthreading with
transformer iron has been solved; that a
highly desirable means of power factor im-
provement has been applied to solenoidal
circuits and that a new means of increasi
the output, efficiency and stirring effect o
solenoidal inductor furnaces %ms been

Each of these marked advances in the art
might be considered as a by-product of one
or more of the others, accordi

tages in itsel would well justify the return
magnetic circuit by which it is secured.
1t will be seen that the advance in each of
these features is due to elements of process
as well as to the structure elements involved ;

and that all cooperate toward a unitary re-

sult. .
For the reasons above indicated my inven-
tion is applicable to furnaces almost without

regard -to their size for improvement of.

power factor; to furnaces dependent largely
upon their intend%i use for improvement in
the output and the stirring effect; and to
la 1fsuor_naces.for all of these advantages
and also to permit utilizing magnetic ma-
terial freely in the stiffening and strengthen-

o ing of the furnace structure.

© less become evident to others skilled in the -
art, to obtain part or all of the benefits of my

1 view of my invention and disclosure
variations and modifications to meet indi-
vidusl whims or particular need will doubt-

.88 jnvention without copying the structure

gned so as not -

‘to the di- an
. rection of approach ; and each of the advan-

' 1,884,735

shown, and I, therefore, claim all such in
so far as they fall within the reasonable spirit
and scope of my invention.

Having thus described my invention, what
I claim as new and desire to secure by Let-
ters Patent is:— o .

i. The process of assisting in the return of
magnetic flux from a furnace coil which con-
sists in electro-magnetically producing a flux

external to the furnace coil, additional to
the flux from the furnace coil and tending to

assist in the return in direction of the flux.

2. The process of substantially eliminating
the stray magnetic field about a furnace -in-
ductor coil free from interthreading of trans-
former iron, which consists in providing an
easier path of return for the magnetig flux
than the path through the air about the coil
and assisting the passage of the lines of
force througﬁ the easier path by surrounding
it with a magnetizing current. '

3. The process of substantially eliminating
the stray magnetic field about a furnace in-
ductor coil free from interthreading of trans-
former iron, which consists in providing an
easier path return for the magnetic flux.than
the path through the air about the coil and
assisting the passage of the lines of force
through the easier path by surrounding it
with a magnetizing current, the magnetic
lines ‘of force induced by the current being
substantially equal to those produced by the
furnace coil and in direction tending to as-
sist the return of the magnetic lines of force
from the furnace coil. :

4. The process of eliminating the stray
field from a furnace inductor coil free from
interthreading of transformer iron, which
consists in providing a yoke return circuit of
magnetizable material about the inductor coil

1 a‘eomfensating winding about it in series
with the furnace coil and so connected as to
assist in returning the flux of the magnetic
return circuit.

5. The process of eliminating the stray
field from a furnace inductor coil free from
interthreading of transformer iron, which

.consists in providing a yoke return circuit

of magnetizable material about the inductor
coil and a compensating mndmg having its
current in series with current of the induc-
tor coil, so connected as to assist in the flow
of the magnetic return circuit and the com-
pensating coil being so adjusted as to induce
a magnetic flux through its length of return
magnetic material substantially equal to the
magnetic flux induced by the inductor coil
through the furnace itself. :

6. The process of reducing the magnetiz-
ing component, increasing the energy com-
ponent and thus improving the power factor

‘of a current through a coreless furnace in-
ductor coil, as compared with the total. cur-.

rent through the coil, which consists in pro-

viding magnetic return for the lines of force
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induced by the inductor sbout the furnace.

coil and in inducing lines of force in said
return in phase with the lines of force in-

‘duced by the furnace inductor coil and hav-

ing the same direction as the return circuit
of the lines of force from the inductor.

7. The process of improving the stirring

of a melting furnace inductor free from in-

~ terthreaded iron, which consists in providing

permeable paths of return. for the magnetic
lines of the circuit about the side' and be-

" neath the bottom of the coil and electro-mag-
- netically setting up in these magnetic paths

15

20

* being so located as to assist by its flux in re- .
turning the flux caused by the inductor coil. .
ﬁn inductor furnace coil, a: magnetic-

flux in the direction of the return flux from
the coil. ,

8. A hollow charge-surrounding inductor
furnace coil and a return electro-magnetic

cireuit for the flux caused by the coil. -

I

9. A hollow charge-surrounding inductor

furnace coil and a co1l outside the furnace coil
in series with it, the coil outside the furnace

©10.
return for the flux produced by the operation
of the coil, comprising a return path of per-

meable material and a winding thereon as -

an inductor coil adapted to produce flux

+_ through the return magnetic circuit assisting
-8%° ot T

the flux from the coil. . _
-11. A furnace inductor coil and a magnetic

- return circuit for the coil extending along the

ing longitudinally of the
the furnace and a compensating winding for

_sides and througho'ut- the gréater part of the
the bottom of the coil and

radial extent o

electro-magnetized to assist in.flow of the
return flux from the furnace coil.

-12. An inductor furnace coil, a réturn mag-

netic circuit for the flux caused by the coil

comprising a plurality of yoke legs extend-

rnace outside of

~ the yoke legs surrounding all of them and

45

and in series wit]

the current. through the inductor coil.- -

13. An inductor furnace coil, a return mag- :

netic circuit for the flux caused by. the. coil

~comprising a plurality of yoke legs extend-
4ing}) it 3 fzmw:gs

ongitudinally of the outside.of
the furnace and a compensating winding for
the yoke legs looied outside of all of the legs
the inductor coil. ..
.- - EDWIN F. NORTHRUP.

-eonnected to receive current in phase with -



