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7 rel 0 & coreless induction
alting metzls.
uction furnaces are very freguent-
18 ?31'°se:1’u time for 'rzeltmg rpewls.
5 the cherge, which is usually
c iindrical crucible, is subjected
ﬁing magnetic field of z primary
t induced into the cherge by ths
ces tap heat for melting the metal
nown that In such furnaces the maxi-

mum cU 19 b deusxty is concentrated at the sur~
face of the charge, while the centre ig almost free
of cw'"e .

T

The particuler advantages of coreless induc~
tion furnaces as compared with the induction
furnaces having & closed maegnetic circuil are:

1
I3

e by

ovement of the molien char
ive foress.
s of $he metal In narrow melt-

of & very simple shape which can
be repaired or replaced if necessary.

wever, the following drawbacks in
wn coreless induction furnae

ces:t

auency than the usual conz-
cies of «m o 80 cyeles is nec-

iency of the eguipment ig
sor owing to large losses

vy converting machines and
ooil,
2xpense of high-irequency

genm"tuw enﬂmpment and the low electric ef-
ficiency of the furnace due to the use of such a
motor-generator, many attempts have been made
to use the ordinary commercial frequencies of
40 t6 60 cycles for operating coreless induction
furnaces. Such experiments wers sometimes suc~
cessful when metals with. a high specific resist-
ance had to be treated. Discouraging resulis were
obtained, nowever, when f{rying tc meit metals
with s low gpecific resistance, such as aluminum
and its alloys. Commercial frequencies have 1ot
vet been used on a large scale in coreless in-
duction furnaces, not even for metals of a high
spocific resistance, for the following reasons:

1

The compensation of the induckive load is V
nen“\rc ot mesp freguencies. (The p
:x’;‘eactaz of Irequency furnace.)
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7t is necessary to fill the crucible compleieiy
with molten metal when starting the Jur-
nace, a5 the skin effect with these frequen-
cies is not sufficient in non-magnetic matsa-
rials to start melting with solid pieces.

2. The movement of the charge increases with:
the decrease of frequency. (The melting of
light metals becomes almost impossible, the
metal being thrown out of the crucible.)

4. The furnace cannot conveniently he adapted

for using three-phase current.

2.

The present invention aims at providing a core-
iess induction furnace which can use the ordi-
nary commercial alfernating current frequencies
without exhibiting the foregoing drawbacks. The
furnace according to this invention is so superior
tc the furnaces hitherio known, both from s
technical as well as an elecirical point of view,
as to make the coreless induction furnace for
commercial low freguencies, for the first time,
an economically acceptable proposition. The
electrical advantages of the furnace of the pres-

ent invention, however, are not confined to the
low freqguencies, important advances in the elzg-
trical resulis when using highsr frequencies also
being obtained.

The furnace of e present invention is espe-
cially suitable for meliing light metals such as
aluminum, magnesium, and their alloys. Hith~
erto only induction furnaces of the closed mag-
netic circuit type have been used for this pur-
pose; the meliing channels of these furnaces,
however, become obstructed by oxides and other
chemical compounds of the metals treated. This
results in interruption of the secondary current,
and the lining of the secondary channel having
to be replaced.

In order to make continuous operation of such
a furnace possible, twe methods have been pro-
posed. According to one of these methods, the
secondary channels are of a comparatively wide
cross-section, and the furnace is emptied com-
pletely after some hours, and the melting chan-
nels are cleaned by means of special tools, gen-
erally by flexible chains. The other method
makes the secondary channel accessible from out-
side at its lowest part, where most of the oxides
seem to accumulate. Both these methods have
several disadvantages. In both cases all the metal
has to be removed from the furnace to perform
the cleaning operation. This means quite a long
interruption of the melting process, absorption of
gases by the charge when pouring it out angd
back into the furnace, and & considerable loss of



The overall efficie:

Lo

neraturs.
nace is, therefors, not very ss
production of molten meial is m

2

ucn

secondary channel ¢f
18 sctically ne oxides remain therein.
eaning is only necessary after a long time, and

it can be cleaned, in most cases, without
pbying the fumeace.

A Iurnace according to the present Invention
can very weil be adapted to the melling of steel.
Hitherto, high-frequency coreless induction fur-
naces have been used for melting steel. These
are guite suitable, but for the reasons hersinto-~
fore set Torth, are expensive and the efficiency is
eomparatively low. Mevertheless, many such fuir-
naces have been built for the melting of steel, as
anly withh these furnaces was it possible to use a
nie end durable refractory lining., It is es-
vecially difficult to make the refractory lining,
with hasic linings consisting of magnesite. The
main reason for using & coreless furnace for
2iting stee] instead of the closed msgnetlic cir-
type induction furnace, is because it has been
impaossible to produce a refractory lining of such
a compiicated shape as the secondary channel of
the irom-core furnace. Magnesite linings are
subject to considerable expansion and contraction
with changes of the femperature, and thus the
complicated melting channels were thereby easily
destroyed.

The present invention enables the emuployment
of a lining which is almost as simple as that of
the bhigh-frequency furngce hitherie known,
whilst using ordinery alternating current fre~
quencies. oreaver, furnaces for melting steel
sre often built for very high power. This can
only be achieved conveniently, if three-phase cur-
rent can be employed. The present invention also
allows the use of polyphase current which was
hitherto impossible with a coreless furnace. Tt
is possible {o use with one furnace designed ac-
cording to the present invention & power of 580
to 1000 kw. employing three-phese current of
orainary alternating current {requency.

With the foregoing and other objects in view,
the present invention provides 2 coreless induc-
tion fuwmace for melting metals having & groove
extension of the erucible (secondary groove),
situated in such a way with respect to the pri-
mary coil as to embrace as many of the fiux
iines of the primary coll as nossible.

While the coreless {urnaces hitherto known had
a cylindrical eruecible in which the secondary cur-
rent could flow on the entire snrface of the cylin-
der. provision is made by the present invention.
for the current to flow in a special secondary
groove, similar in some respecis to the secondary
channel of an iron core furnace. but with the
important difference that the channel is always
open towards the metal container on one side.
In such a groove the current fiows mainly in those
portions in proximity to the primary coil.

By varying the height of the secondary groove
it is possible to change the resistance and self-
inductance of the thus formed secondary. The
secondary groove should be placed as close as pos-
sible to the primary coil, in order to embrace as
many flux lines as possible, i. e. the coupling
shiotld he as ciose as possible. Howsver, sow
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resivictions are imposcd by the minimum wall

the secondary channel s made go easily accesslvle 3¢
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The secondary groove of the furnace is best
dimernsioned when its inductive vesistance is
about equal to its ohmic resistance. The theory
hereinafter sxplained will permit the size of the
secondary groove which will give the best effi-
ney and powear factor to be determined. The
introduction of the secondary groove allows the
electrical behavior of the [urnace to be much
more controlled than was possible with the sim-~
ple eylindrical crucible where, with & given diam-
eter and height of the crucible, the depth of
penetration determined the ohmic and inductive
resistance of the secondary.

While the primary coil of the coreless furnaces
hitherte known were usually of the one-layern
by a length at least egual to its dia

o
e

type and had :
ster, electrical reasons, as hereinafter explained,
call for g szcondary channel of very small heighi.
which consequently necessitates a comparatively
short coil, having & length varying between one
fifth and one fifteenth of its diameter, and gen-
erally consisting of more than one layer, This
type of coil usually gives the best magnetic cou-
pling with the secondary. ¥For the sake of brev-
ity, a furnace according t¢ the present invention
will hereinafter be referred to as a “short coil
furnece,” and a furnace of the type hitherto em-
ployed as 2 “long coil furnace,” although these
ave not the only features in which such furnaces
differ.

The secondary groove may be of a rectenguiar.
trapezoldal or triangular cross-section, and in all
stch cases it is advisable to round off the edges
in order to avoid cracking of the refraciory ma-
terial. The trapesoidal cross-section appears io
be the most convenient, the short side of the
trapezoid being situated as close as possible to
the primary coil.

A further feature of the invention resides in
the fact that the primary coil and the secondary
groove pertaining thereto are situated at the
lowest part of the crucible. By virtue of this
arragngement, the following advantages are
achieved:

1. It 1s possible to start the melting operation
always with a charge of liquid metal end
with the normal power. As the entire
power of the furnace is produced in the
secondary groove, one can always be as-
sured fthat the short coil furnace absorbs
the entire power, even if it be started with
only a small charge, which oniy fills the
secondary groove. With a long coil furnace
it is necessary to fill up the entire crucible,
if the whole power is to be used. A short
coil furnace can he filled and partly emptied
during the melting process, but the power
consumption remains entirely constant;
such furnace is always operating at its rated
power input.

2. The movement of the charge caused by elec-
trodynamic forces is produced at the lowest
part of the furnace. In cases where this
movement is very pronounced, the height
of the crucible is chosen so as to counteract
this movement by hydrostatic pressure, and
to have the metal surface where a move-
ment generally is not desired, at sufficient
distance irom the space where the move-
ment is originated.
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erred to in the & z—z of g, & the segments 19 (Fig. 9 havin
heen ed for the sake of simplicity, With
this arrangement there is also provided o fur-

ther cylindrical space 27 which is filled with
metal when starting the furnace. This space
heing comparabively small, the furnace can he
commenced operating with a2 small quantity of
metal. In P § ¢the arrows show the motlon
of the mebal within the tube like openings 2%
and the secondary groove 28, A sump 21 is pro-
v]ded underneath fthe groove like extension.

Iy wce iz vprovided with a crucible 28,
u'mlm; teyer 39, 2 casing 24, a cover 32
pouring nose 32 shown in I‘lg. Y. ‘The
cooled coil 3% is easily accessible fronms
outside. The coil which will hereinafter be more
fully described consists of two or three layers
of copper tubes having a special cross section.

Fgs, & and 10 show detalls of the short coil
in elevation and in plan. Only one layer of the
coil is shown in the drawings. The primary coil
is made of copper tube of rectangular-cross-sse-~
tion, the large side of the rectangle being In
the direction of the coil axis.

The coil ig wound in such a way that the end
windings lie in 2 plane at right angles with the
coll axis. This is done in order to enabls the
coil to be pressed together by iwo simple imsu-
<5 lating vings 8% and 37, The coil thus pressed
together is a solid piece and a base for the re-

i

the cr Ucmlo by & ang the covcr s} In Fig. fractory lining which can be pressed into it. Each
the eroove-like extension 2 Is rnctanguiariy laver of the coil will zenerally have its own
shaped, in Fig. 2 a trapezoid and in ¥Fig. 3 tri- water connections 38 and 3% and connecting

80 cables &0 and 4, the latter being connected ei-

ang

w5, 4 ar show two further modifications ther to the currend supply or to the next coil
the short coli furnaces buill on the same  jayer. The separate cooling of each layer gives

es as those ¢ scribed with reference to Figs. a much more efficient cooling system.
o 3. put adepied to two phase operation. ig. 11 shows another embodiment of the in-

In the embodiment shown in Fig. 4, two sec- g
ang 18 and vwo corresponding
ang 12 are situated side by side
of the furnace, whereas in the
shown in PFig. 8 two secondary
and 4 una two prlmarj coils {8 and 7

11

vention in which the flat primary coil 42 sup-
ported by ring 56 has more or less the same
diameter as the groove-like extension 51 and
js situsted concentrically below this channel.
The opening of the channel is in the direction
of the coil axis,

The primary coil is supported by a frame 43
nreferably of non-magnetic material of high spe-
r sistance. In this figure the metal ig indi-

4 by 44, the crucible by 45, the heat insu-




pouring

layer by 48, the casing by 4%,
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noae by 48 and the cover by 6.
{
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A further embodiment of the inveniion is
shown In Fig, 12 in which the primary coll

; not wound as o simple short eylindrizcal coil,
but has a U-shaped cross-ssction surrounding
Lire proove-like extension The coll is com-
posed of two fai porti 1 one cylindrical

nL

noriion. Al portions ars, of course, wound in
ihe same direction. While the construction of
stch & coil more complicated than that of

£
feids are re-

narical one, s

rably by its use.

y oydinary

ature of this nace is a second
lons o This furnsce represents & combi-
nation of the short coll furnace and the known
Jong coil furnace. The coil 4 can be operated
cither at the commercial frequency or 2t & higher
freauency.

1

The height 85 of the metlal hath in the cru- .

cihle must be so chosen as to allow only so much

tivring movement originated by the electro-
megnetic movement at the botiom of the sec-
ondary groove to be transferred to the surface
of the bath as is necessary for carrying-out the
metallurgical process in the furnace. When
melting light metals the pressure head of the
molien metal must be greater than when melt-
ing heavy metals. The height should be chosen
so as to prevent any undesired oxidation of the
liguid metal on the surface of the meial bath
due to the stirring movement in said hath.

It is known that a mutua!l repulsion takes
place hetween primary coil and secondary groove.
The metal heated in the groove-like exftension
(see Pig, 8) is thus repelied towards the center
and fows into the cylindrical space 27, The
space from. which the metal is moved now re-
ceives cold metal coming from the upper parts
of the furnace {hrough the ducts €6 and flowing
in the direction indicated by the arrows in order
to prevent overheating of the metal. An abrupt
reversal of the direction of flow of the metal does
not take place, nor are there “dead spots,” where
the metal might remzain for some time or reverse
its direction. This embodiment of the invenfion
is extremely advantageous when melling light
metal alloys, hecause the oxides and other chermn-
ical compounds are continuously washed away
by the moving metal and are carried towards
the crnter, there to sink to the sump of the
furnace 21, which is provided for the sccumu-
lation of such oxides.

The continuous supply of cold metal through
the ducts 25 (Fig. 6) to the most heated part
of the secondary grocve renders it possible to
apply much more power than with the previously
described types, so that a furnace in accordance
with the present invention can work with much
more power than a furnace having a secondary
zronve of the same dimensions but without the
Aucts 286.

An important characteristic of the invention
is the phenomenon of displacement of the cur-
rent which will cause the current to flow almost
entirely in the groove-like extension if the height
of the channel is sufficiently large. Therefore,
in the furnace an electrodynamic force Is seb
up which causes the metal to be repelled from
the primary coil, and an upward movement of
metal will occur as for instance indicated by
arrows in the embodiment of the invention shown
in Pig, 11,

in the modification illustrated in Fig. i2 the
second coil 54 serves the purpose of increasing
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It 1% iz ogeratad
auency the furnace can be charged -
rely with smiall pleces of metal, which
6y he melted by currenis nduced from e

7y

¢
jO

coil §4. One plece aftér the other will sink into
ihe sump of metal which is heated by the sbhiord

coil and the remainder of the melting wili be
done by low frequency. ]

The long coll may, however, be used ic pro~
ditce additional movement of the metal. ;

is purpose it is preferably supplied with ali:
nating current of a low freguency, and the movs-
ment of the metal can be controllad by the
power applied to sald second coil.

The depth of the secondary groove shown i
Fig. 12 25 being half the difference between the
dinmeter of the secondary groove 53 and b
crucible should not be too small.
this depthr will be chosen grealsr than dotibis
thie depth of penetration of the current, but not
more than three to four times such depth.

Since one of the main advantages of the pres-
ent invention is an improvement of the electrical
efficiency and power factor, it is necessary fo
explain the theory of the coreless induetion fur-
nace precisely. A practical theory on the rather
complicated matter has been developed by Pro-
fessor BEsmarch (Wissenschaftliche Veroeffent-
lichungen aus dem Siemens Xonzern, vol. X) and
his rather simple calculation has proved to be
in accordance with the results of many experi-
ments. Although this theory was based on the
long coil furnace, the same principle can be
applied to a shert coil furnace with a specis]
secondary channel, according to the present in-
vention. )

The basic idea of Professor Hsmarch’s theory
is this: The current is supposed to fow in s layer
of the thickness & on the surface of the charge,

and no current is supposed to fiow in the innev
layers. ¢ is called the “depth of penetration,”

i. e. if the current density were uniform in the
layer of the thickness §, and the current in this
layer equal to the real total current, the heat
produced by this current in said layer is equal
to the heat produced in reality by currents dis-
tributed according fto an exponential function.

For an infinitely long cylindrical body of a
diameter which is large as compared with §, the
depth of penetration has mathematically been
proved by Steinmetz to be:

. N
8 5030‘/“.fcm.

This formula is approximately exact for the
shapes of coreless induction furnaces hitherto
built. Conditions in a short coil furnace seem
to be somewhat different. Experiments seem to
prove that a coefficient slightly larger than 5030
is correct. However, the basic idea of imagining
the current uniformly distributed in a layer of
the thickness 3, can be used with good results
for the calculation of the shert coil furnace.
While the task of determining the exact depth
of penetration is such a secondary groove re-
mains for mathemasaticians, a calculation based
on the Steinmetz {ormula will not be far wrong.
The Steinmetz formula was first suggested by
Dr. B F. Northrup, who is responsible for the
development of the high frequency furnace, for
the calculation of such furnaces.

In Proiessor Esmarch’s theory the real charge
of the furnace is replaced by an electrically equal
body, having the shape of a tube of the same
outer diameter and same height as the charge,
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and of the wall thickness §, The known theory In the diagrams shown in Figs. 13 fo 15, coefil-
o two-coll system is then applied io this elec- cients are given which enable the self-induciance
rically equal body. For a short eoil furns e

clectrically equzl body has the shape of
2 eross-sechion, the helghi of the

ore or less of the same gize

i

formuln

. X emn

tion discovered by 3

Icnlation of th

1z of circular o

section,
The diameter of the ring being I
cross-zection’s  diameter being d,

£ can be determined by the

Lo=12.32,10-9

c2n be used for the ax
e self-inductance Le
4y, the cross-section of said body e
pose, by a circular o
gual circuwmicrence.

3 shows o relation found by Havelpek,
between the mutuai inductance of two circular

body, in watis
L walts

v of secondary hody {outer

depth of penefration) in rings of wire situated in the same plane, and the
quotient of the diameters of hoth rings, This
[ primary coll, in centimeters relation can be used approximately for the de-
of secondary body, in centimeters s termination of the mutual inductance in the two

erence of primary coil cross-section " coi1 gystem discussed, which is determined by:

in centimeters -

d="Dlameler of a circle having the same area as M=k3.D1.20.10- ®
the cross-section of the secondary body in The use of this formula will only lead to good
centimeters - results, if the height 71 of the primary coil is nob

fev

0 wiber of turns of primary coil larger than the difference of the diameters D
and D2, Should the coil be made longer than
that, the coefficient %3 will have a lower valus
than shown in the diagram. It ig desirable, how-
ever, to obfain as high » mutual inductance a3
" possible, and a coil of g greater height than the
limit given above will therefore rarely be used.
The main fact learned from these diagrams
when irying them on examples is: A variation
Ur=J10 (R1—12Rs) — (L1 —12L9) | (1) of the height of the secondary body Hs between
$ zero and the value of A1 will not affect the mutual
inductance and only slightly affect the seli-in-

ductance of the secondary. The resistance of the

Using these terms, the well known eguation of
2 two coil system is:

.t @) secondary, however, varies inversely proportion-
PSR By “ ally to the height hs.
50 .
. . : @ n:
1issi 1 the secondary body, i, e. In the equatio

The power dissipated in
a

in the charge, is calcuiated by: w?, M2

NE =p9.J12.R2 "‘w,, L 2_+*"R 2 'JlQRQ (9)
ey 9’
No=J12p2R> (3) ] 2
. o . il is, therefore, possible to consider, for a cer-
and the inductive load is: ) £a

@¢ tain purpose, M and Lz as being constant, when
Nam= 1% (L1 —~p2a) : (43 Rz is varied by varying the height of the secon-
dary body Ha within the foregoing limits. Pre-

The important difference between a short coil suming this and writing:

furnace according to the present invention and

the long coil furnace is the following: In the g m={L€_z (10)

latier, {he resistance of the secondary body is 2

small as compared with its reactance wlo. whereby the power dissipated in the secondary

Professor Esmearch, for the purpose of calculat- body becomes:

ing the long coil furnace, neglected the term Ro .

= . N . : e ., el m

in the expression for p given ahove (2), and 85 Nz:,jlu.—L;_.m (11)

wrote: . s
A ’ there is obtained the maximum of power dissi-

P 5 pated in the secondary at a given current in

4

the primary by choosing &2 so as to give the
In the furnace according to the present inven- 70 maximum of the function:
tiori, however, the resistance of the secondary will m
be of a vahie comparable o its reactance wiz, fzm (12)
and, therefore, the exact Formulae Z, 3 and ¢
' Ve H0 ‘e used {or s caleulation. 75 which represents only the variables taken out

will h
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snesring
Re=wils (143
b Az of the r*cw*ﬁfhw must ke

& Yes bmca of the secon-
to give the mayi-
caiwipabﬂd ,:c';ondqrv for 2
v (:urmm, in other words the ]
[kgat:ivon Tbo mduet
08 is given in B
s the value of v’b wxi. s_uuy b
> of the value of Lu. Verviag the
eight of the sscondary within the Hmits given
szhove will, therefore, only mean a slight varia-
:Jn of the inductive load Nz gt & given primary
urrent. ‘This means that et the heighi fa i’ar
”*’h}ﬁh the power Ns abisins 2 moaximwmn for
given primsry current, the velusg of

Ny

Wy
twhich ip approzimetsly eauel in practical fur-
cen t0 the power factor cos. ¢) will reach ifs
magimum os well,
Thus both the efficiency and the power factor
cail for o design In the secondary channel that

will give g resistance Rz equal to wla.

abn i
etm o6 ¢

1to it

In rongidering & furnace in which this condi- $

ton s ezactly fulfilled, the following simplified
ea pl“SuiGDS can be used for the determination of
the power N2 and the inductive load Na:

Wy ﬁL“J oLy g e (15)
Wy =iy .w(dz 2L> (16)
The expression
J"i:;
e
approzimately equal to the power factor, in a
oracticel furnace Gecomes:
N QM s ”
NEf ﬂ.r.g\ 2}_'.4; Ly - 2 (1{)
2Lt Ly~

The power facior depend... solely upon the self-
nductances and mutual inductances, always on
condition that the secondary channel meets the
above meniioned zcmmz ement.

Zauation 37 cap be transiormed, using Equa-
tions 6, 7 and 8, nbo:

Ny M Dk 18)
NE (2L1L3 - 1\]2) MZD;nglkgw“’ _ Dxikazwz
N liflydeg —ks?
7 BE 3°i61. %2 & (19)
13:

The last equation containg neither the number
of turns nor the diameter itself, but only the
quotient of the diameters 1 and Dz It has
hereinbefore been explained that it is impossible
to vary ks very much by varying the height of
the secondery channel within the known limits.
Weither can X1 be varied very much by changing
the dimensions of the primary coil. ks, however,
the coefficlent of muiual inductances, is very
mich dependent on the quotient of the diameters
D1 snd Dz This leads to the conclusion that
the maximum power factor attalnable in a short
ooil furnaece, by choosing the height 22 of the
secondsry according to Conditlon 14 will be chiefly
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crmined by the quotient of the diamebers Di
and Da.

Assuming vraciical average velues for k: and
the dlagram in Fiz. 16 shows the best powey
wm gmaimb‘ie in a bh‘:) it coll furnace plotied
t the guotient of It and Da. It should be

utd ,?nm this g independsnt of the {urnace
diameter, the freguency and the sgpecific resisi-
ance of ﬁ aoberial, I Condition 34 is met, =
furnace with & given guoiient

Dy

will have approximately the power facior shown
in $his disgram,

It will be seen from the same that a short coil
furnace under practical conditions will have a
far betier power ifactor than the coreless fux-
naces hitherto Enown,

Dy

i, oractical cases will have a value lying be-
tween 0.8 and 0.82. A power factor of 0.16 fo 0.4
can thus be obtzined. The hest long coll fur-
naces have a power factor of about 0.1,

Generslly speaking, in o short coil furnace the
power Na disispated in the charge will be far
superior to the secondary power of & long coil
furnace of the same diameter and the same axg-
pere turns, With a furnace accerding to the
rresent invention it will theérefore be possible to
obtain electrical efficiencies of 80 to 50%.

The results of the foregoing theory have been
confirmed by experiments. The maximum effi-
ciency snd power factor was obtained at heights
of the secondary-channel very close to the calcu-
iated vaiues.

Condition 14 also leads to the fact, that the
height 7z giving the maximum efficiency and
power factor is dependent on the frequency and
the specific resistance of the material only, Cal-
culations assuming the Steinmetz formula to be
short coil furnace lead io a
formula:

1100

f (20)
k2 for practiczl cases Will have & value between
23 and 27 {see Fig. 14). As a rough formuls for
determining ihe height of the secondary chan-
nel we may, therefore, write:

hy= 44\/ %

This formula does not apply of course, to the
furnace shown in Fig. 11. In this furnace the
width of the secondary channel must be deter-
mined to fulfili Condition 14 by a compieie cal-
culation.

In all the embodiments shown cnly the main
parts of the furnaces have been shown, which
are necessary {o characterize the present inven-
tion. Other details of suech furnaces, as are
known to eny expert, will be mentioned only for
the sake of completeness; for example all such

21

> furnaces should be provided with a tilting de-

vice, in order to pour out the metal, The fur-
nace can be tilted either aboui the axis of the
pouring nose or about the center of gravity of
the furnace. However, the metal could also be
removed by means of 8 syphon. The cooling and
the supporting of the coil can be performed by
any of the known methods. Water cooling and
alr cooling devices have been shown in the fore-
going embodiments,
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ne o crucible, an sunular groove
hottom section of t"Le crucible wall com-
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i_nd ction furnace for melting
comprising a crucibie, an annular groove

me‘tals
in the hottom section of the crucible wall com-~
municsting with the inner space of the said

crucible, a primary coil situated at the extremity
of sald groove, in g position corresponding gen~
to an extension of the length of said groove
the free cpening of same into the inner space of
the crucible being directed away from the loca-
tion of the said primsry coil, said coil being con-
sirucied as o short cml having a height approxi

mately varving between % and %5 of its diameter
thus heing shaped to induce current substan-

$islly only in the metal in the extremity of said
groovea,

furnace for meling
groove
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mary coil situated at the extremity of said groove,
in o position corresponding generaily to an ex-
of the length of said groove the free
_‘ same »nto thc mﬂer pre oi Ll <] th("~

fension

said pri
guce curre m, substantla.!ly omy 1
1ne extremity of the ssid groove, a pluralily
aie ai ducts and s central channel connec
e said groove with ifhe inner space of
crucible.

3. A coreless

ae rf“cLaJ

induction furnace for meldd
etals comprising o crucible, an apnular groove
in the bottom section of the crucible wall, o
primary coil situated ag the extremity of ¢
zroove, in a position corresponding generally
an extension of the length of said groove th
{ree opening of same info the inner space of i
crucible being directed away from the locs
of the said primary coil, the latier being
Lo induce current substantislly only io the:
n the eviremity of the szid groove, a plura

5] ducts and 2 central ehannel con:
groove with inner space oi

i

the

8. A corele'ss induetion furnace for melil
metals comprising o crucible, an annular groovs
the bottomn section of the crucible wall o
municat with the inner space of the said
ble, 8 primary coil situated af the extremity

{922
said groove, in a position corresponding generally
te an extension of the length of said groove the
free opening of same into the inner space of the
crucible being directed away from the location of

the primary coil, said primary coil having a
U-shaped cross section and embracing the end
of the groove with its flanges for the purpose of
concentrating the induced current in the meial
in the extremity of the groove.

7. A coreless induction furnace for melting
metals comprising a crucible, an annular groove
in the hottom section of the crucible wall com-
municating with the inner space of the said
crucible, & primary coil situated at the extremity
of said groove, in a position corresponding gen-
erally to an extension of the length of said groove
the free opening of same into the inner space of
the crucible being directed away from the loce-
tion of the said primary coil, the latter he
shaped to induce current substantially only in
the metal in the extremity of said groove and an
additional long coil surrounding the upper part
of the crieible above the said groove.

8. & coreless induction furnace for melting
metals comprising a crucible, an annular grocve
in the bottom section of the crucible wall com-
municating with the inner space of the said
crucible, a primary coil situated at the extremity
of said groove, in a position corresponding gen-
erally to an extension of the length of said groove
the free opening of same into the inner space
of the crucible being directed away from the lo-
cation of the said primary coil, the latter being
shaped to induce current substantially only in the
metal in the extremity of said groove, said greove
and said primary coil having substantially the
same digmeter.

9. A coreless induction furnace for melting
metals comprising a crucible, an annular groove
in the bottom section of the crucible wall com-
mumcating with the inner space of the said
crucible, a primary coil situated at the extremity
of said groove, in a position corresponding gen-
arally to an extension of the length of said groove




the free opening of same into the inner space
of the crueible being directed away from the icca-
tion of the said primary coil, the latier being
shaped to induce current substantially only in the
metal in the extremity of said groove and being
constructed as an annular fiat coil located below
the said groove.

18. A coreless induction furnsce for melting
metals comprising & crucible, an annular groove
[in the bottom section of the crucibie wall com-
miunicating with the inner space of the ssid cruci-
ble, a primszry coil situsted at the extremity of
sald groove, in & position corresponding generally
w an extension of the length of said groove the
{reec opening of same indo the inner space of the
crucible being direcied awsay from the location
of the said primary coil, the latier being shaped
to induce current substantizily only in the meial
in the extremity of seid groove, the height of the
metal columan in the crucible helng controlied
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in such & manner as to counteract by its pres-
sure head the metal movement created in the
vicindty of the groove itc such an extent as to
prevent surface oxidation.

11, A coreless induction furnsce for melting
metals comprising a crucible, an annular groove
in the hotiom section of the crucible wall com-
municating with the inner space of the said
crucible, 2 primary coil sifuated at the extremity
of said groove, in & position corresponding gen-
erally to an extension of the length of said groove
the free opening of same into the inner space of
the crucible being dirvected away from the Joca-
tion of the said primary coil, the latter being
shaped fo induce current substantially only in
the meftzl in the extremity of said groove and
5 sump below the sald groove for the accumula-
tion of solid inpurities.
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