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My invention relates to electric induction furnaces free from interthreading with fur 
nace or transformer iron and in which a stray 
electromagnetic field is caused by the furnace 

5 inductor. 
The main purpose of my invention is to pro 

tect the outer part of the furnace against the 
stray magnetic lines of force so as to permit 
magnetizable casings, shells or frames to be 

10 used freely in supporting and strengthening 
the furnace reinforcement without interfer 
ence of the stray field with this magnetizable 
metal. 
A further purpose is to set up at predeter 

mined distance outside of the primary induc 
tor coil an electromagnetic flux which will 
eliminate any desired outside stray field flux. 
A further'' purpose is to surround the pri 

mary inductor coil by a coil in which a current of eiectricity is set up by the inductor current 
supply, by induction or by a separate source, 
using the outside coil to assist the passage of 
lines of force between it and the furnace in 
ductor and to shield from passage of mag 
netic flux beyond the outside coil. 
A further purpose is to provide a short-cir 

cuited secondary coil about a primary in 
ductor furnace coil and to use the current in 
duced in the secondary coil to assist flux be 

' tween this induced current and the inductor 
coil and to eliminate, or retard the flow of 
magnetic lines of force outside the secondary 
circuit. 
A further purpose is to balance the mag 

netic flux from an auxiliary coil about a fur 
nace inductor against stray inductor field by 
selection or adjustment of its resistance and 
number of turns with added condenser capac 
ity so as to cause the flux produced to equal 
within the field selected the stray field to be 
eliminated. 
A further purpose is to provide a compen 

sating coil outside of a furnace inductor coil 
with current from the inductor source of sup 
ply or with induced current and added capac 
ity in its circuit. 

Further purposes will appear in the speci 
fication and in the claims. 
My invention relates to the processes in 

. 
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volved as well as to apparatus by which the 
processes may be carried out. 
I have preferred to illustrate my invention 

by a few furnaces only among the many in 
which it may appear, selecting furnaces which 
are practical and efficient and which at the 
same time well illustrate the principles in 
volved. 

Figures 1,2,3 and 6 are diagrammatic illus 
trations, showing inductor furnaces to which 
my invention is applied. 

Figures 4 and 5 are diagrammatic illustra 
tions intended to assist in explanation of the 
theory of my invention. 

in electric furnaces of the inductor type in 
which the inductor surrounds the furnace 
charge, usually a furnace pool, and in which 
the inductor is not interthreaded with fur 
nace nor transformer iron, the lines of mag 
netic force caused by the current in the induc 
tor thread through the inductor primary in 
Some such manner as is shown diagrammati 
cally in Figure 4, passing up through the cen 
ter of the inductor coil and returning about 
the entire outside section of the coil. 
The external magnetic circuit requires for 

its production considerable magnetizing cur 
rent in the inductor circuit, which lowers the 
power factor of the circuit. It is undesirable 
also from another standpoint. It interferes 
seriously with the use of iron or steel in the 
furnace. 
The reduction in power factor can be fully 

compensated for by the use of additional con 
denser power factor correction and is, there 
fore, not very serious; but as the size of the 
furnace increases the need of shells of iron or 
steel for cheap and effective construction of 
the furnace itself increases and the injurious 
effects of stray current upon any iron or steel 
used becomes a serious problem, heating up 
the iron or steel used needlessly, wasting the 
energy that is used and by the heat generated 
interfering with the proper use of the fur 
I13??. 

The present application improves the 
power factor of the furnace-thus somewhat 
reducing the capacitive power factor correc 
tion required-but finds a much greater use 
fulnessin negative stray magnetic field which ' 
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would otherwise interfere with the use of 
magnetizable materials in the furnace sup port or equipment. 
The latter use is more important both be 

cause the power factor correction can be 
taken care of very fully and easily by con 
densers and because a much smaller current 
through my auxiliary coil is effective to pro 
tect against stray field outside of it than 
is required to completely take care of the 
magnetizing current otherwise needed for 
the return flux within. 

If the inductor coil 6 in Figure 4 be en 
ergized, lines of force will pass through it in 
some such manner as indicated and these 
lines of force will at any given moment pass 
up, let us say through the body of the coil 
and down about the outside of the coil to 
form the return magnetic circuit for flux 
through the coil. These are the directions as 
sumed in the figures, though the directions at 
intervening times, of course, will be exactly 
opposite. 

If now the coil 6 of Figure 4 be applied 
about a body of non-magnetic metal (or of 
iron or steel heated until it has lost its mag 
netism) to be heated, melted or treated, the 
lines of force through the interior of the coil 
will pass through the charge as through an 
airspace and the magnetic return circuit will 
circulate in some such manner as is shown in 
Figure 4 in vertical planes about the outside 
of the coil. - 

It has not been deemed necessary to show 
the charge nor the refractory or other heat 
insulating materials, in view of the diagram 
matic character of the showing. 
6, of Figure 1, be now connected with a sur 
rounding coil í and the current be passed 
through the coil 7 opposite in direction and 
corresponding in phase with the current 
through the coil 6, and we consider the effect 
of the current in coil 7, a magnetic flux will 
be set up within the coil 7 corresponding in 
direction to the return magnetic flux shown 
in Figure 4 in that it will pass downwardly 
through the interior of the coil 7. Its return 
circuit will pass upwardly about this coil. 
Turning to Figure 5 which shows the direc 

tion of flux at a given instant in a single 
turn of each of the coils we find that the mag 
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netic lines 8, 8' due to turn 10 of coil 6 pass 
upwardly through the interior of the coil and 
return downwardly about the coil. . On the 
other hand the magnetic lines. 9, 9 caused 
by turn 11 of the coil 7 pass downwardly 

3. 

through the interior of the turn 11 and up 
wardly about the outside of the coil. 

Obviously, therefore, the lines, 9 passing 
down the inside of the turn 11 and 8 passing 
down the outside of turn 10 but within turn 
11 assist each other, so that coil 11 reduces the 
magnetomotive force necessary to pass the 
lines 8 downwardly between the spaced turns 
10 and 11. On the other handlines 8 of the 

If the coil 
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return flux from coil 6 which tend to return 
about the outside of turn 11 are opposed by 
the lines 9 which form the return magnetic 
circuit from the coil 7, nullifying this return 
magnetic circuit. The effects of the two coils 
are merely the summations of the effects of 
their turns. 

If the coil 7 be in series with the coil 6 and 
reversely wound its current will be in phase 
with that of the coil 6, and its included mag 
netic circuit will assist the return magnetic 
circuit of the coil 6 to a maximum degree. 
Where elimination of stray field is sought 

the diameter of the coil 7 is selected as the 
diameter beyond which the eliminationis con 
sidered desirable. This diameter is of im 
portance because it determines by the spac 
ing of the coil from coil 6 to proportion of 
the return magnetic circuit from coil 6 which 
tends to return outside of the coil 7 and which 
must be eliminated. The larger the auxiliary 
coil the smaller the current required to elimi 
nate the outside field. For any given diam 
eter of auxiliary coil 7 the number of ampere 
turns through the coil 7 exists at which the 
return magnetic circuit caused by the current 
through the coil 7 and passing outside of that 
coil will exactly balance and hence neutral 
ize that part of the return magnetic circuit 
due to the current through the inductor coil 
6 which returns outside of said coil 7. This 
condition of exact balance or a sufficient ap 
proximation for any given purpose can be 
determined with greater ease experimentally 
by the use of exploration coils to determine 
the field outside coil 7 due to uncompensated 
lines from coil 6 or overcompensation by coil 
than by computation, and moreover can be 

checked at any time and can be averaged for 
any desired condition of operation of the 
furnace. Fractional ampereturns can be se 
cured by shunting part of the current as in 
Figure 2. 
When the return magnetic circuits outside 

of coil 7 due to current through the two coils 
6 and 7 balance each other the stray magnetic 
field from the inductor coil has been elimi 
nated so far as it lies outside of the coil 7, 
permitting strengthening of the container for 
the molten metal by any desired casing or 
framework or other structure of magnetizable 
material to be used outside of this coil 7, 
with freedom of interference by the mag 
netic circuits. 
At the same time that the coil eliminates 

the stray magnetic field outside of the posi 
tion of the coil-and hence, outside of any 
predetermined coil path-the coil is effective, 
as is seen, in assisting the passage of that part 
of the return magnetic circuit from the in 
ductor which returns between the two coils, 
reducing the magnetizing part of the cur 
rent required to pass through the inductor 
to Supply this return circuit and assisting 
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in maintenance of a full return circuit for the 
magnetic flux. 
For the reason previously stated that the 

stray field elimination is less easily taken 
care of otherwise than the improvement of 
the power factor, the number of turns of coil 
7 will ordinarily be selected with a view to 
the stray field elimination rather than the 
improvement of the power factor. It ordi 
narily requires a fraction only of the turns 
required for the main inductor circuit stray 
field equalization. - 

For large furnaces the ampere turns needed 
for stray field elimination are not great, par 
ticularly if there be liberal spacing between 
the auxiliary coil and the main coil. Figure 
2 is intended to illustrate the complete flexi 
bility of my invention. Whereas Figure 1 
illustrates any plural number of turns of aux 
iliary coil, Figure 2 illustrates a means, by 
which the ampere turns can be reduced below 
those equivalent to the inductor coil amper 
age through one turn, the reduction being 
effected by a shunt 12'. 
The series arrangement of the two coils in 

Figures 1 and 2 conveniently insures that the 
currents in the two coils are in phase and 
maintains a fixed relation between the cur 
rents in the two coils even where the shunt 
makes the coil currents unequal. 
In Figures 3 and 6 the auxiliary coils 18 

and 13' are inductively coupled with coils 6. 
The inductor coils are all supplied with 

current from generators 14 and are corrected 
by condensers 15 shown as shunted across the 
lengths of the coils. This is a conventional showing only. The present invention does 
not interfere in the least with proper power 
factor correction for the inductor coil but 
does reduce the amount of it required. 

In the form shown in Figure 3, the auxil 
iary coil is provided with means of adjusting 
the magnetizing effect of the coil by the con 
denser 15 in series with the coil. 

In the forms of Figures 3 and 6, the num 
ber of turns, the diameter, the resistance of 
the individual turns and the condensers af 
ford four means of adjustment of the current 
in the auxiliary coils 13 and 13 in order to 
secure the proper number of ampere turns 
to eliminate or substantially eliminate the 
stray field outside the coil, and as in the series 
coils of the other figures, the diameter of the 
auxiliary coil 13 or 13' determines the limits 
of position of the stray magnetic field from 
the inductor circuit, permitting this elimina 
tion to be controlled by any predetermined 
distance from the inductor. 
In Figures 1 to 3 the auxiliary coils used 

are concentric with the inductor. This would 
be the normal position of the coils. - How 
ever, access to the pouring spout of the fur 
nace or other reason may make it quite desir 
able to have the auxiliary coil eccentric as in 
Figure 6; and I find that a very fair approxi 

? 
mation can be obtained with this eccentric 
coil to the results in stray field elimination 
which are obtained by concentric coils. The 
eccentricity need not be regular. 
The condenser-compensated coils 13 and 

13 will react slightly upon the inductor coil 
to improve the power factor of the inductor 
and to reduce the amount of power factor 
corrective condenser capacity which is needed 
for the inductor coil circuit. 
My invention is applicable to the complete 

or partial elimination of stray fields of in 
ductors generally whatever the use to which 
the inductors are put whether for furnaces or 
for other purposes, and, if for furnaces, what 
ever the character of the charge or the oper 
ation performed upon it, and without regard 
to the detail of inductor construction, such, 
for example, as the system of cooling if any. 
Whether the compensation for or assistance 

to stray field be calculated or found experi 
mentally, the operation of determining it 
need not be repeated for other furnaces of the 
same general character. 

In all of the forms shown the auxiliar 
(compensating) coil is shown as slightly 
longer than the inductor coil. The coils are 
shown as of the same height at the top in 
order not to complicate charging and pouring 
operations but the compensating coil ma 
extend below the inductor coil if desired 
for the purpose of additionally protecting 
against straying of the rather concentrated 
flux present at both ends of the inductor as 
seen in Figure 4, but which cannot be taken 
care of so conveniently at the upper end of 
the inductor. This is an additional feature 
which has an advantage and can be used 
where desired, but is not vital to operation of 
my main invention. 

It is desirable that the length of the aux 
iliary coil be not more than /2 times the 
length of the inductor coil. 
The auxiliary induced current coil will 

have maximum ampere turns if it substan 
tially fill the axial length of the auxiliary 
coil space, a smaller number of turns repre 
senting a nearly correspondingly larger am 
perage. 

In operation all of the forms alike utilize 
the auxiliary coil current whether in series 
with the inductor or induced thereby to neu 
tralize all of any desired proportion of the 
stray field about the outside of the auxiliary 
coil and to assist the return flux caused by the 
inductor coil and which passes between the 
two coils. In all of them the diameter of 
the auxiliary coil limits the range of the stray 
field about the inductor to predetermined po 
sition of the coil and in all of them also the 
radial distance of the auxiliary coil from the 
inductor coil along with the spread of the 
return field determine how nearly the aux 
iliary coil flux necessary to eliminate stray 
field induction outside of it also equals, in 
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the inductor. 
If the auxiliary coil be placed radially far 

from the inductor coil there will be but little 
stray field flux induced by the inductor coil 
which would pass beyond the auxiliary coil 
location even if there were no coil there. The 
auxiliary coil, therefore, need set up, but little 
flux to compensate for and neutralize this 
stray field radially beyond it and will cor 
respondingly but little assist in the passage 
between the two coils of return lines of force 
of the inductor flux. 
On the other hand if the auxiliary, csil...be. . 

wound radially closer to the inductor coil the 
strength of stray inductor field beyond the 
auxiliary coil to be compensated will be in 
creased and the strength of stray inductor 
field between the two coils will be relatively 
reduced. The larger magnetomotive force re 
quired to be exerted by the auxiliary coil 
under these circumstances of winding closer 
to the inductor will, therefore, be more ef 
fective in assisting the smaller number of 
lines of force from the inductor passing 
between the coils. 
Keeping in mind these relations of larger 

magnetic flux required from the auxiliary 
coil current with closer winding of the aux 
iliary coil to the inductor and of greater pro 
portionate effect of the closely wound aux 
iliary coil in helping the return flux from 
the inductor, it will be seen that the stray 
field elminator may be made to give much or 
little assistance to the return flux due to the 
inductor coil current. 
With reducing distance between the two 

coils there will evidently be a diameter and 
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auxiliary coil strength at which the auxiliary 
coil may be inade to eliminate the stray re 
turn magnetic flux and at the same time re 
lieve the inductor coil of the necessity of 
furnishing the magnetizing current for its 
external field. 

I have thus provided means by which any 
predetermined part or all of the stray field 
outside of an assumed position may be elimi 
nated and whereby the eliminator is effective 
to assist in the return of magnetic flux 
through the inductor coil to an extent de 
termined upon the flux eliminated. 

it will be obvious that in determining the 
questions of extent of flux elimination out 
side of the auxiliary and of assistance given 
in return of that part of the inductor flux 
passing within the auxiliary coil, account 
must be taken of that part of the primary 
current energy which is used to pass current 
through an auxiliary in series to induce 
current through the secondary coil which 
would otherwise be induced in the charge. 
In view of my invention and disclosure 

variations and modifications to meet indi 
vidual whim or particular need will doubt 
less become evident to others skilled in the 

983 

art, to obtain part or all of the benefits of my 
invention without copying the structure 
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 Letters 
Patent is:- 

1. The method of stray field elimination 
about an inductor, which consists in provid 
ing a path for current about the inductor, in 
ducing current therein to set up a stray field 
outside the auxiliary path opposite in direc 
tion to the stray return field set up by the in 
ductor and in equalizing the stray field from 
the induced current approximately to that 
outside of it from the inductor by selection 
of the constants of the auxiliary path. 

2. The method of stray field elimination 
about an inductor coil free from interthread 
ing with transformer iron which consists in 
providing a path for current about the in 
ductor, inducing current therein to set up an 
opposite ? about the auxiliary path 
and in equalizing the stray field from the in 
duced current to that outside of it from the 
inductor and at the same time assisting in 
power factor correction of the inductor cur 
rent by the use of capacity in the induced cir 
cuit to adjust the current therein. 

3. In an inductor furnace free from inter 
threading of transformer or furnace iron, a 
furnace inductor and a short-circuited coil 
surrounding the inductor and adapted to re 
ceive induction from it to counteract by the 

... stray field of the short-circuited coil that part 
of the strayfield of the inductor outside of the 
short-circuited coil. 

4. In an inductor furnace free from inter 
threading of transformer or furnace iron, a 
furnace inductor and a short-circuited coil 
surrounding the inductor and adapted to re 
ceive induction from it to counteract by the 
strayfield of the short-circuited coil that part 
of the strayfield of the inductor outside of the 
short-circuited coil and added capacity in the 
circuit of the short-circuited coil. 

5. In an inductor furnace free from inter 
threading of transformer or furnace iron, a 
furnace inductor and a short-circuited coil 
surrounding the inductor and adapted to re 
ceive induction from it to counteract by the 
stray field of the short-circuited coil that part 
of the stray field of the inductor outside of the 
short-circuited coil balancing the stray field 
of the one circuit against the stray field of 
the other. 

EDWIN FITCH NORTHRUP. 
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