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My invention relates to induction electric 
furnaces, and especially to the coreless type. 
A purpose of my invention is to increase 

the secondary resistance of an induction fur 
5 nace in order toimprove the eficiency of the 

furnace. - -- 

A further purpose is to avoid excessive 
stirring of the molten bath, especially that 
? in coreless induction furnaces oper 
ating upon mormal og low frequencies, by a 
specialconstruction of thesecondary coilsur 
rounding the bath and byproper shaping of 
the crucible. 
A further purpose is to incline the induc 

13 tor coiTturns to the horizontal wholly or in 
part throughout their cireumference. - 
A furtherpurposeitoslope the crucible 

bottomat an angle to the horizontal over all 
or part of its extent. 

further purpose is to?se the same slope 
for the furnace bottom as that used for the 
turns of the inductor coil. 
A further purpose is to use an induction 

furnace bath of variant depth around the 
circumference of the inductor coil. … 
A further purpose is to use an inductor 

coilso formed that the vertical distance from 
any point on the coil to the surface of the 
bath will be variant. 
A further purpose is to heat an induction 

furnacebath with only moderate stirring, so 
that the slag cover will remain continuous 
over the surface of the bath, and slag may 
be removed from above the metal. 
A further purpose is to avoid excessive 

exposure due to boiling up of the bath in 
contact with the gises of the atmosphere by 
Imaintaining the bath more quiescent 
throughoutoperation of the furnace. 
A further purpose is to force the molten 

metal toward the pouring spout and thereby 
withdraw slag to that part of the surface of 
the pool farthest from the pouring spout. 
Further purposes will appear in the speci 

fication in the claims. 
In the familiar coreless induction furnace 
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8s at ? known, boiling up near the cen-. 
ter of the bath is due to the mutual attrac 
tion of currents at the circumference of the 

* bath (pinch efect) and the repulsion be 

Ween the primary and secondary current, 
With ggil constructions asat present known, 
the boiling up of the surfacemear the center 
?f the bath is so excessive thatit is practi 
9ay impossible to skim of slag. Therefore 55 
itis very dificult touse the furmace. 

Sever suggestions have prewiousy been 
Imadiewth a viewtoimprowing the eficiency 
of the furnege by increasing The secondary 
resistance Porexample, anattempthasbeem 60 
ade toncrease thelength tramsversed by the segondary current byincreasingthediam 

eter of the bath, or to decrease the cross sec 
tion of the metal through which the current 
Passesbyplaginga fireproof refractorystruc- 65 
ture Concentric with the wall of the bath. 
The increase of the diameter has the dis 
dvantage of decreasing theheat eficiency of 

the furnace, as the most desirable shape of. 
the bath, that in which the height and di-Tro 
aneter are equal, can Ino longer be utilized. . 
The insertign of a fireproof refractory body 
Within the furnace makesit necessarytoheat 
this additional mass of inert material up to 
the furnace temperature. . 
My invention is directed particularly to a 

Coreless induction furnace in which the in 
ductor coil is wound in a plane inclined to 
the axis to the coil, rather than perpendicu 
lar or mearly perpendicular torit."?In the "80 
form of my invention, the angle of inclina 
tion Will be much greater than the well 
known angle of winding necessitated by the 
thicknessoftheindividualturnandthe thick 
ness ofthe insulationbetween adjacent turns."8" . 
IBy analogy to a thread Imay referto that 
angle as the pitch angle of the inductor coil. 
? the secondary current flows in the 

same plane as the primary gurrent, but in.. 
opposite phase, the current flow in a bath 90 
heated by my novel coil will bein an ellipse 
whose small diameteris the same as the bath 
diameter. Ihis arrangement therefore in 
creases the secondary resistance compared 
with thatin bathsencircled byinductor coils 05 
of the current type. 
The decrease of the secondary current by 

increasing the secondary resistance is mot 
alone suficient to prevent excessive boiling 
in the center ofthebath, especiallyin coreless 100 
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furnaces operated with normal or low fre 
quency. According to my invention, there 
fore, the boiling up at the Center of the Sur 
face of the bath is further decreased by in 
clining the bottom ofthe crucible to the samu 
angle as the angle of the inclination of the 
Winding. 
The weight ofthevertical columm ofliquid 

metal is therefore not uniform throughout 
10 thebath, andthisefectoperatestoopposethe 

pinch efect. -- - 
Similarly, the distance from the top of the 

bath to the top of the inductor coil difersat 
diferent points alongthe bath circumference. 
With this construction, the pinch efect will 
be greatest where the vertical distance be 
tweenthe surface and the top of the inductor 
coilisgreatest, but sinceat that point thever 
tical column ofmetal counteracting the pinch 

20 efect is also greatest, the bath vill Iremain 
· comparatively quiescent. 

On the opposite side of the bath, the metal, 
instead of being pushed upwardly by the 
motor efect and the force of gravity, vill 
be repelled toward a point opposite the bot 
ton of the inductor coil. 
As the vertical metal columnis ofgreatest 

height and weight along that side of the fur 
Imace where the inductor turns are low (i. e. 
the “down” of the slope), the movenent of 
thebath wilbereduced to such anextentithat 
the bath surface vilbe inclined veryslightiy 
and willslopeupwards fromithesideat which 
the inductor Coil is highest to the side at 
which the inductor coil is lowest. However, 
the metal at the surface will be in constant 
Imotion. Ilhis motion at the surface of the 
bath is ofgreat advantage for skimming the 
slag, while, on the other hand, the undesira 
bleboiling up or eruption of the metal at the 
surface is eliminated. 
Inthe figures Iillustrate a few of themany 

forms in which my invention might be em 
bodied, choosing those which are practical 

4 and convenient in operation, and which well 
illustrate theprinciple ofmyinvention. The 
forms which Ishow are made diagrammatic 
for convenience in pointing out the impor 
tant features. -- 

Figre 1 shows a structure accordingto my 
invention, with the supports for the crucible 
Sectionedsothatitheinductor coiland Crucible 
Imay be Seen in side elevation. 
Rigre 2 corresponds to IFigure 1 except 

Pasto the shape of the inductoreoil and cruGi 
|ble bottom. 
Rigure 38lsocorrespondsgenerally to Fig 

lre 1, but shows a sonewhat diferent inditic 
tor Coil and crucible bottom. 
In the dravinglike numerais refer to like 

partsthroughout. - 

The crucible1 is shown assupported upon 
frame structure 2 and iscoveredwith a Hid 3 
which Imay desirably be of refractory mate 

3 rial. 
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The crucible maybe of any suitable mate 
rial or of any structure provided the bottom 
ismadeto Conforintothestructurehereindis 
closed. 
. About the crucible is placed an inductor 
coil 4 having the plane of the winding in 
clined rather than perpendicular to the coil 
axis. Thus, in the form shown the lowest 
point of the inductor coil is on the side pro 
vided with the pouring spout 5. While this 
is desirable,itismot ofcoursenecessaryin the 
use of myinvention. 
In order to avoid stray field losses at the 

ends of the inductor coils, the furnace is pro 
wided with annular segments 6and 7 of mag 
netic material. -- 

Ilhe bottom 8 of the crucible is inclined, 
preferably at the same angle as that of the 
inductor coil Winding. With the use of a 
furnace bottom as shown at 8, the combined 
action of motor efect and gravity will cause 
the strface of the liquid bath to assume a 
Shape asshown at 9. Ilhemetalisin constant 
Imotion fron Ipoint 10 to point 11, so as to 
have a Constanty changingsurface allowing 
for exposure of the draft to the air without 
excessive movement of the bath. IReduction 
Of the Inetal can occur also without theoccur 
Irence of excessive bath movement. 
At the point 11 in the crucibleitispractical 

to Drovide a cavity to allow yielding by the 
Imetal at the point of high pressure. Instead 
of this cavity, the spoutmaybe used for this 
urpose, 0?wided the lowest point of thein 

dugtor coilhe placed below the spout. 
Ilhesecondary current runsparallel to the 

windings of the inductor coill4 and forms 
ellipses Whose Small diameters are the same 
as the internal diameter of the crucible. 
As far as the construction of the supports 

forthe crucibleare concerned, Figure 2isthe 
same as Higure 1. The inductorcoilin Fig 
ure 2 has a part of each turn inclined with 
respect to the Coil axis and the remainder of 
each turn Drrpendicular to the axis or at a 
Sminal pitch angle from the perpendicular 
with respect to the coil axis. Thus ve see 
tat the 00rtion 12 is substantially perpen 
dicular with respect to the coil axis vhile the 
portion 13 is inclined. The bottom 8 of the 
crucible is similarly constructed, so that a 
portion 14 is perpendicular to the coil axis 
Bind a portion 15isinclined thereto. 

Illis arrangement has the advantage of 
forcing the liquid metal fron the center of 
the bath toward the circumference by virtue 
of the repelling action of the secondary cur 
ret of opposte direction, thus obtaiming a 
still greater decrease in the wiolence of b6il- . 
ing upat the bath center. 
Another structure embodying my inven 

tion is seen in Figure 3. In this form the in 
ductor coil turns are inclined to the axis in 
one direction on one side and in the other 
direction on the other side of a mid point. 132 
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The furnace bottom 8is somewhat similarly 
V-shaped in this form. 
Thtms, considering one inductor coil turn, a sigment 16slopesig one de with respecttg 

the axis of the coil, while the segment, 17 slopes opositely. Atomidrable angle is 
madebet7eenthe segments 16 and 17. 
Therepulsion ofthe secondary current and 

thetendency ofthemetal tobe forced against 
the walls of the crucible are still more Pro 
mounced in this form. 

It will be evident thatan advantage of my 
invention could begained without using te 
specific forms showl. For example thendi 
vidual turns could be Curvedinstead of 
straight, and could beinclined according to 
anylaw desired, prowidingthat their elegtric 
efect uponthebathwastoproducesecondary 
currentsgenerallyinclineditotheverticalais 
of the bath rather than perpendicular to the 
X1S. 
It will be evident that the molten metal 

maybegiven digonalmgyement toWardthe 
poiring spout, lifting ithigher at the spout 
Rhan at the other parts of the surface of the 
metal and freeing the molten metal from 
slag for the doublereason that this metal Will 
behigher than thatat the opposite side and, 
that the molten metal streambreaking at the 
surface near the pouring spout Will Carry 
slag with it down along the surface toward 
the far (low) side of the surface of the Ipool. 
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 
art, to obtain part or al of the benefits of 
my invention without copying the stugture 
shown, and II, therefore, claim al sugh in s0 
far Ins they fal within the reasonable spirit 
and scope of my invention. - 
Having thus described myinvention, What 

I claim as new and desire to secure by ILet 
ters Patentsis: 

4 - 1. In an electric induction furnace, 8 cru 
cible containing a metal bath, an inductor 
coil surrounding the crucible and diagonally 
inclined to thevertical axis of the crucible to 
an extent greater than the pitch of the wind 
ing, and a source of current for the inductor 
coil. - - 

2. In an electrid induction furnace, a cru 
cible having a sloping bottom, an inductor 
coilabout the Crucible woundin a plane mak 
ing an angle with the perpendicular to the 
inductor coil axis substantially greater than 
the pitch angle of the coil and in the general 
direction of the bottom slope, and a source 
of current for the inductor coil. 

3. In an electric induction furnace, a cru 
cible, an inductor coil about the crucible in 
which an individual turn is inclined to the 
axis of the coil over part of its length and 
perpendicular to the axis of the coil over 

another part of its 1ength and a source of 
current for the coil. -- 

4. In an electric induction furnace, a Cru 
cible, an inductor coil around the crucible in 
which the planes paralel to the winding of 
an individtial turnslope more than the pitch 
of the turns, a source of current for the coil 
and a pouring spout for the crucible above 
the lover, as distinguished from the higher 
part of the turns. - 

5. In an electric induction furnace, a cru 
cible, an inductor coil surrounding the Cruci 
ble in which the winding of each individual 
turn is sloped, a bottom for the crucible 
similarly sloped and a pouring spout at the 
side of the crucible above the lowest part of 
the bottom. 

6. In an electric induction furnace, a cru 
cible, an inductor coil surrounding the cruci 
ble in which an individual turnhas one por 
tion in a plane inclined ingenerally parallel 
planes extending in one direction and an 
other portion in a plane inclined in gen 
erally parallel planes intersecting the first 
1planes with respect to the coil axis, and a 
source of current for the coil. 

7. In an electric induction furnace, a cru 
cible having its bottom inclined to the hori 
zontal in two directions, an inductor coil sur 
rounding the crucible having its individual 
turns similarly inclined to the horizontal, 
and a source of current for the coil. 

8. In an electric induction furnace, an in 
diggtog coilhaving twoporgions of ts ind 
vidual turns oppositely inclined to the hori 
zontal, a crucible within the inductor coil 
having its bottom similarly inclined from a 

point, and a source of current for the 
(30)li, 

9. In an electric induction furnace, a cru 
gityle adapted to contain a mglten.charge a 
inductor coil about the crucible whose indi 
vidual turns vary in vertical distances from 
the horizontal to an extent diferent from 
that due to their pitches throughout their 
lengths, and a source of current for the coil. 

10. In an electric induction furnace, a cru 
cible.adapted tg contgin a m9ten carge, a 
pouring spout for said crucible and an in 
havingits turns at a distance from the pour 
ingspouthigher than the correspondingpor 
tions of the turns beneath the pouring spout 
by an eXtent eXceeding the pitch so as to 
direct its induced flow of molten metal to 
ward the pouring spout side of the crucible. 

11. In an electric induction furnace, a cru 
cible, an inductor coil having its individual 
turns inclined with respect to the coil axis, 
and a stray-field-eliminating strip along the 
top of the coil. 

IETRANZILINNIHOFF. 
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