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2,286,024 

AENT OFFICE 
2,286,534: 

: s. : DEF:3. 

i, coeliess induction 

Liction it."races are very frequeli 
e gi'esert time fo; neiting metals. : 

in 2. c yiiiadrical cricitle, is Sibiected 
gagnetic iied of a priinaily 

giai, induced into the charge by the 
S the eat for ineling the netai. 

:07:3 that in such firraaces the inaxi 

w A 

a JC ) 
it is Wiel : 

of CE":s:. 
Tile particula, advantages of coreless ind; c. 

tion furnaces as compared with the induction. 
furnaces having a closed in aginetic circuit are: 

2. iio Veirest Ci ie note: cilage y 
is , 3 CES. 
of the Yetal in in 3rrow neit 

of 3, Yery Single siae ific, Cain 
e repaired oi replaced if necessary. 

th a 3 coeless iid ciOS. fijaces: 

tuency that he usual coii. 
sl frequieities of a 3 cycles is nec 

coi is very low, aid consequest, 
e Code:Sei sets aire essed i 

eincy of the equipeii, is 
to Wing to aige losses 
corvetting inaciines and 

2::peise of higi-frequency 
aid the low electric ef 

ficiency of the furnace due to the use of Such a 
inotor-generator, many attempts have been made 
to use the Ordinary commercia frequencies of 
4G to 60 cycles for operating coreless induction 
firraces. Such experients were Soretires Suc 
cessful when retals with a higia Specific resist 
ance had to be treated. Eiscouraging results were 
obtaineri, ii owever, when trying to neit Einetals 
with a, iOv, Siecific resistance, such as allini in 
and its aiiOys. Commercial frequencies have lot 
yet, been ised on a large scale in coreless in 
duction furnaces, not even ior metals of a high 
S2cific resistance, for the following reasoils: 
... The coin-sation of the 

3xpensi 
... . . . 

dictive load is very 
Sefieceici (The power 
('eiency filiace.) 

S. 

EG 
NJSCTAR FUREACE FOR, 

ES 

{citeiser 25, 1949, Seria No. 362,30 
Sena:ny Ceiober 30, 1939 

{C. 3-26) 

i 

0. 

2. 

25 

5. 

2. It is necessary to fill the crucible completesy 
wittin molten metai when starting the uR's 
nace, as the skir effect with these freque 
cies is not sufficient in non-magnetic nate 
rials to start neiting with Solid pieces. 

3. The movement of the charge increases wit. 
the decrease of frequency. (The meiting of 
light metals becomes almost impossible, tile 
metal being thrown out of the crucible.) 

fi. The furnace cannot conveniently he adapteti 
for using three-phase current. 

The present invention aims at providing a core 
less induction furnace which can use the Ordin 
inary commercial alternating current frequencies 
without exhibiting the foregoing drawbacks. The 
frnace according to this invention is so superior 
to the furnaces highetto known, both from a 
technica as well as an eiectrical point of yief, 
as to make the coreless induction furnace for 
commercia low frequencies, for the first time, 
aii economically acceptable proposition. The 
electrical advantages of the furnace of the pres 
ent, invention, however, are not conf:2d to the 
low frequelicies, important advances in the is:- 
Eiical results when sing high 33 frequencies also 
being obtained. 
The furnace of the present invertion is espe 

cially Sitable for melting light metals. Suci &S 
aluminin, magnesiuin, and their alloys. Editior 
erto only induction furnaces of the closed mag 
netic circuit type have been used for this pur 
pose; the melting channels of these furnaces, 
however, become obstructed by oxides and other 
chemical coinpounds of the metals treated. This 
results in interruption of the secondary current, 
and the lining of the Secondary channel having 
to e replaced. 

In order to make continuous operation of such 
a furnace possible, two 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 comi 
pletely after some hours, and the melting chan 
neis 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 
Seen 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 and 
2 Ck into the furnace, and a considerable loss of 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



--- iénager'ature. The overal: officiency Sicii. 2, 
nice is, therefor2, at very satissa.ciis, aizi 

e production if isotei neia, is i2hic educed 
giying to the ceasing being necessary at fire 
qué it intervals, 

É. furnace built, according to the present in 
has 3, 32 carciality cann & CS such a sing, 

i: actically inc oxides reira in ihei'eii. ii 
cleaning is only necessary after a long tiiis, 32.5i 
£he secondary channel is inade so easily accessie 
that it can he cleaned, in inost, cases, without, 
&?igrilyiig the frace. 
A furnace according to the present, invention 

can very weii be adapted to the melting of steel. 
Eitherto, high-frequency coreless induction fur 
inaces have been used for neiting steel. These 
are clusite suitable, but for the reasons hereinto 
fore set, forth, are expensive and the efficiency 
Cain garatively low. Nevertheless, gay such fu's 
(aces have been buiii, for the Yeltiing of steei, as 

S 

S. 

iy with these furnaces was it, possible to use a 
de 2nd durable refractory iting. It is es 

it (cially difficult to make the refractory lining, 
with basic linings consisting of magnesite. The 
it air reason for using a coreless furnace for 

ing steel instead of the closed magnetic cir 
type induction furnace, is because it, has been 

in possible to produce a refractory lining of such 
a conplicated shape as the secondary channel of 
the iron-core furnace. Magnesite linings are 
Subject to considerable expansion arid contraction 
with changes of the temperature, and thus the 
co;aplicated inelting channels were thereby easily 
destroyed. 
The present invention enables the employment, 

of a lining which is almost as simple as that of 
the high-frequency furnace hither to known, 
visist using C:"diinary 2, fernating current fre. 
it exicies. I?oreover, furnaces for neiting steel 
3.re often built, for very high power. This cai 
Only be achieved conveniently, if three-phase cur 
reit can be employed. The present invention also 
allows the use of polyphase current, which was 
hitherto impossible with a coreless furnace. It 
is gossible to se with one furnace designed ac 
cording to the present invention a power of 500 
to it)0 kW. employing three-phase current of 
Ordinally alternating cirrent frequency. 

With the foregoing and other objects in view, 
the present invention provides a coreless induc. 
tion fu "inace for inelting metals having a groove 

e extensior of the crucible (secondary groove). 
Situated in Such a way with respect to the pri 
{{ary coil as to embrace as many of the fittx 
iiies of the primary coil as possible. 
While the coreless ?urnaces hitherto known had 

a cylindrical crucible in which the secondary cur 
rent could flow on the entire S11rface of the cylin 
dier. provision is made hy the present, invention. 
for the current to flow in a special secondary 
groove, similar in some respects in the secondary 
channel of an iron core furnace, but with he 
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 
SeCOildary groove should be placed as close as pos. 
sible to the primary coil, in order to embrace as 
lilany flux lines as possible, i. e. the coupling 
Si?ottid be as ciose as possible. However, Soire 
2'esilictio:S imposed by the 3ritainia waii 33 

Silic:ress of the refractory iraterial, whici is 
22cessay between tile in otten netai aii the 

sy coil ii order to revent, the retai fi'oist 
'eaking ti'Otagh. 
The secondary groove of the furnace is best 

S digge:SiO3 ed. Wys its inductive 'esistaide 
a 30 lit equal to its ohmic resistance. The theory 
hereiraft (s' 13 permit, the size of the 
secondary giroove which will give the best efir 

35 ciency acid power factor to be determined, The 
iAstroduction of the secondary groove allows the 
electricai bahavior of the furnace to be in lic: 
yore controllied than was possible with the sin 
ge cylindrical crucible where, with 8, given dia.in 

5 eter aid height of the crucible, the depth of 
penetration determined the ohmic and inductive 
resistance of the secondary. 

While the primary coil of the coreless furlace 
hitherto known Were usually of the one-lays 

2 : type arti had a length at least equal to its dia: 
2ter, electrical reasons, as hereinafter explained, 
call for a secondary channel of very small heigii, 
which ce: sequently recessitates a comparatively 
short coii, having & ength varying between one 

25 fifth and one fifteenth of its diameter, and geis 
erally consisting of more than one layer. This 
type of coil usually gives the best magnetic cou 
piing with the Secondary. For the sake of brey. 
ity, a furnace according to the present invention 

3 will hereinafter be referred to as a “short coil 
furnace,' and a furnace of the type hitherto en 
ployed as a "long coil furnace,' although these 
are not the only features in which such furnaces 
differ. 
The Secondary groove may be of a rectangular, 

trapezoidal or triangular cross-section, and in all 
Stich cases it is advisable to round off the edges 
in order to avoid cracking of the refractory ma 
terial. The trapezoidal cross-section appears to 

4t be the nost 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 
45 groove pertaining thereto are situated at the 

lowest part of the crucible. By virtue of this 
arrangesilent, the following advantages are 
achieved: 

s 

35 

i. it is possible to start the melting operation 
always with a charge of liquid metal and 
with the normal power. As the entire 
power of the furnace is produced in the 
Secondary groove, one can always be as 
Sured that the short coil furnace absorbs 
the entire power, even if it be started with 
only a small charge, which only 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 be filled and partly emptied 
during the melting process, but the power 
co)Si2mpion remains entirely constant; 
such furnace is always operating at its rated 
power input. 

2. The novement 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 

55 

() this movement by hydrostatic pressure, and 
to have the metal surface where a nove 
inent generally is not, desired, Bt, sufficient, 
distance from the space where the nove 

is men, is originated. 

  



3riodii: 

serve i? 
se 

i;...ettii, of 3 giristiary coil 3: 
i logist. Thich, of tie gurpose 

f :eplace tha chaige of the 
3"ierred in in the fixecretical 

SS, crg, Viz: like parts 3,3's 2xide: y 
its 

33diile!"t of a single o 

Seco:32 ry 
S3CGS dia.)": 

ally, ie seco:dary 
inary coil. This peri 
yes' type, each &yer 
3 grges disaeisi in 
c{ion of coil 

dirasig (, cf villic: extends 
the chaige 3 heigii. of 

Iarger that he haight, 
The priziliary coil 

- ne: Si, iecessary for 
is ci, sing Wi. i2). She diatings, 
tine costictio: eing in own 

. Jsually 3:2 or nore Veiiia, .ors 
: 32d in ord 31 to bio'; aii r rol:gh 

e; he casirag 3 &nd the piii.22, fy 
ver, also possibie to 32 ploy Water 

i3. 'll 

is fiat it in 
c. ca. ei 

12.2ia, i (r. 36. 
I. : sic S. is idicated by 3, he 
h;8&t, insulating is 3, the retal casing of 
tha crucible by 8 and the cover by E. in Fig. 1 
the groove-like extensio: is rectangularly 
sigped, in Fig. 2 a trapszoid and in Fig. 3 tri 
a}) gle shap3d. 

iigs. 4 arc 5 shov, two lither racdifications 
the short coil frnaces built on the same 

iinas; as those ci ascribed with "eference a gigs. 
i to 3. lut a dagiac to two pinase operation. 

in the enbodiment, shown in Fig. 4, two sec 
osciary grooves 3 and 3 and two corresponding 
grimary coils 3rd are situated side b3 side 
at the botton of the furnace, whereas in the 
embodile:ht, sh: OW in in Fig. 5 two secondary 
grooves 3 and if and two primary coils 5 and 
3 : 31'e placed o:3 3iove the other. 

tither enhofdie 
3. it is eah (i.e3: 3, 

rically 
- r i; 3,3,3 is 

25 

0. 

3. 

:::: Szig;0;t&s and held 33ete. 
1. -- - . r - - . as S: visic; are 33resex & he ca 

a tia botton E. al Screw correctio;; 
i. i2335ia, &ed in order &g avoid losses : 

oring nea: S. For the Sarine re; 
i the fiages 33 and 23 are 

to fori, a closed secondary 3: 
Eilis dea;3 inct, agil; to he casing 2 whic 
situated Stafficiently fair 
2:183, aetic field. 

is 
away from the Vilai 

£il Sporting means, as far 
2,re nets, parts, should preferail ite 

3.323-33 aggrešic raterial oi high resistivity, s. 

s 

3. i. 

3 sizeiress Steel. 
: iii.3 g;teasio: 2 as iae is 

- ;3s gay is 6:23 o'egs: 
Ald is sigwn as trapezoida gia; 

here are irovided S3West ties 
c. 33s. direct coinet, 

Secondary groove &nd the nets:: 
co: 32ined i{ {i.e. furiace, as is clearly shov, 
it. Fig. 3 which is a cross-section in the gian 
?c-3 of Fig. 3, the segments 9 (Fig. 9) havi 
bees, oil ited for the sake of simplicity. W. 
his arrainge; nei, tihere is also provided 2, iux 
ther cylindirical space which is filed with 
netal wheir stairing the furnace. This space 
being coEnparatively Srial, the furnace cell be 
cokinenced operating with a small quantity of 
nea. In 5 . fig. 6 he arrows show the notio 
of the metal within the tube like openings 28 
and the secondary groove 25. A sump 2 is pro 
vided underneath the groove like extension. 
The fur::ce is provided with a crucible 

an iristia, iiig asier 33, a casing 28, a cover 33 
and a pourig nose 33 shown in Fig. 7. The 
Water cealed coil 33 is easily accessible for: 
outside. The coil which will hereinafter be lore 
fully described censists of two or three layers 
of copper tubes having a special cross section. 

XFigs, S and 10 show details of the short, coil 
ii. 3ievatio and in plan. Only one layer of the 
coil is shown in the drawings. "ihe primary coil 
is trade of copper tube of rectangular across-sec 
tioia, the iaige side of the rectangle being i. 

33, 

the direction of the coil axis. 
le. Coil is 

widiigs ié: iii. 2, 
wound in Such a way that the end 

plane at right angles with he 
coii axis. This is dosae in order to enabl3 the 
aoii ti a pressed together by two silants rS2 
!ating rings 3ki and 3. The coil thus pressed 
together is a soiid piece and a base for the re 
fractory lining which can be pressed into it. Each 
layer of the coil will generally have its own 
water connections 38 and 39 and connecting 
cables 4 and , the latter being connected ei 
ther to the current, supply or to the next coil 
layer. The separate cooling of each layer gives 
a much in ore efficient, cooling system. 

Fig. shows ginother embodiment of the ill 
vention in which the fiat, primary coil 42 slip 
ported by ring 5 has more or less the sane 
diameter as the groove-like extension 5 and 
is situated concentrically below this channel, 
The opening of the channel is in the direction 
of the Coi 2.xis, 

the primary coil is supported by a frame 3 
frei erally of non-magnetic material of high spe 
cific resistance. ... this figure he retai is idi 
c3ted by É, the crucible hy. 55, the heat insul 

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



giayer by 5, the casing 3 & the 
by 33 aid the cover by 5 f : . 

A further eighodisi.e., of the if Yeatios. 
;Show; in Fig. 2 is which ia primass co: 

; :oi, found as ::, simple sici, cylindrica coil, 
ilt, is a J-shaped cross-Safio; Si3rticizig 
tig 5 gove-like exter:Sir The coil is con 
posed of ty; G 3, porti C: 3 cylindrics. 

E CO2S3, 301 ion, Ai portion - Worl; ir 
is Sane directioi. the c{1striction of 
Sicia a coil In ore complicated that that of 

; iirary indrica One, St. i&ids are re 
raibly by its Lise. 

fir u'a of this it: ; Seco 
}() coil 5; his furnace Se; S & coini 
natio;). Of the sho?", coil furnaice gild he know 
long coil furnace, the coil its can be operated 
Either at the cannercial frequency or 2, a higher 
f's fiergy. 

"he sight, 53 of the neta oatia ir the cra - 
Cille in 1st be so chose as to allow only so incii 
tirring movement originated by the electro 

in a gratic novereint, at the Otton of the Secre 
Oidiary groove to be transferred to the Surface 
of the bath as is necessary for carrying-out the 
metallurgical process is the furnace. Whe: 
melting light, metals the pressure head of the 
molten metal musi, he greater than when melt 
ing heavy metals. The height, should be chosen 
so as to prevent any undesired oxidation of the 
liquid metai on the surface of the metal bath 
due to the stirring movement in said bath. 

It is known that, a mutual repulsior takes 
place between primary coil and secondary groove. 
The metal heated in the groove-like extensior 
(see Fig. 6) is thus repelled towards the center 
and flows into the cylindrical space E, he 
space fron. Whiri tile I?eta is roved now re 
ceives cold metal coining from the upper parts 
of the furnace through the ducts 3 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 remain for Some time of reverse 
its direction. This embodiment of the inventioi). 
is extremely advantageous wher. melting light 
reta alloys, because the oxides and other chern 
ical compounds are continuously washed away 
by the roying metal and are carried towards 
the criter, there to sink to the sump of the 
furnace , which is provided for the accumul 
lation of such oxides. 
The continuous supply of cold metal through 

the ducts 25 (Fig. 6) to the nost, heated part 
of the secondary groove 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 
gronve of the same dimensions but without the 
ricts 26. 
An important characteristic of the invention 

is, the phenomenon of displacement of the cur 
rent which will cause the current, to iOW almost 
entirely in the groove-like extensio; if the height 
of the channel is sufficiently arge. Therefore, 
in the furnace an electrodynamic force is set 
up which causes the metal to be repelled from 
the primary coil, and an upward movement of 
neal will occur as ifor instance indicated by 
arrows in the enbodiment of the invention shown 
il Fig. .. 

In the modification illustrated in Fig. 2 the 
second coil is serves the purpose of increasing 

25 

30 

O 

(O 

5. 

e hosts of the fulira 3. Sf it, is Gigeratief 
u £(cy the furnace car he charged : 

y With Sirial pieces of leai, Wiich 
ly he need by currents iduced froga 

coil it. Cine piece aftör the other Wii sink inig, 
i.e. suicip of acial which is heated as the Sitic, 
Coi and the remainder of the eiting wili pse 
cio: he by low frequency. 
The rig coil may, however, he used ic gror 
ice additional move: i.e., of the aeta. For 

this purpose it is prešerally Slippied with alia:- 
ing carrent, of a low free; Letcy, and the Raii 

net, of the reta cai be controled by 
Dover applied to said secoad coil. 
The dapth of the Secondary groove show/ia iii. 

e fig, 12 as being half the difference between 
diameter of the secondary groove 53 and 
C2Cible should not be too small. In practi 
5 is depth Will be closea greater thar dotitié 
tile depth of penetration of the current, but riot. 
more than three to four times such depth. 
Since one of the main advantages of the press. 

ent invention is an improvement of the electrica. 
efficiency and power factor, it is necessary to 
eXplain the theory of the coreless induction fur 
nace precisely. A practical theory on the rather 
complicated in atter has been developed by Pro 
fessor Esmarch (Wissenschaftliche Weroeffent 
lichunge aus dem Sienensko-Zern, vol. 3) and 
his rather single calculation has proved to be 
in accordance With the results of may experi 
Inents. Although this theory was based on the 
Olg coil furnace, the same principle can be 
applied to a short coil furnace with a special 
Seconday channel, according to the present in 
vention. 
The basic idea, of Professor Esnarch's theory 

is this: The current is supposed to flow in a layer 
Of the thickness 8 on the surface of the charge, 
and no cuirrent is supposed to fiow in the inner 
layers. 5 is called the "depth of penetration,' 
i. e. if the current density were uniform in the 
layer of the thickness 5, 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 to an exponential function. 

For an infinitely long cylindrical body of a 
diameter which is large as compared with 6, the 
depth of penetration has mathematically been 
proved by Steinmetz to be: 

-Rem 
14.f 

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 5, can be used with good results 
for the calculation of the short coil furnace. 
While the task of determining the exact depth 
Of penetration is such a secondary groove re 
mains for mathematicians, a calculation based 
On the Steinmetz formula, will not be far wrong. 
The Steinmetz formula was first suggested by 
Dr. E. F. Northrup, who is responsible for the 
development of the high frequency furnace, for 
the Calculation of such furnaces, 

In Professor 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 
Cuter dia, ineter and same height, as the charge, 

  

  

  

  

  



2,238,023. 3. 
a.i.d. () wfall thickness ü, line known theory In the diagrams shown in Figs. 13 to 15, coefi 
as 9, two-coil system is then applied to this ele: cients are given which enable the Self-inductance 
tically agua body. For a short, coil fi! 22.ce the and situal inductance in question to be Caiu 
3. 3. c t 3. 

g square cross-section, the religit of the chainei 
; being rare g; less of the S3. Ye size 38 the 

stiga. 
cri cleaisically A. 

ir rif f : sy coil. (Fig. 

r 33 C3, second 3.5 i3 ille 
chaice of bot; coils, ii) helry 3 

is inha, y Coil, 23 Chiri & 
f seconda is gods, iii. (ilias 

t; grinery coil terraials, il volts 
rt, in aiia)2 e3 

--- :S 

of Segoida; sody Oil i8: 
depth of penetration) in 

eter 
5 

centimeters 
i.eight of pirary coil, in centinetel's 
sight of secoxidary body, ixi centimeter's 
ircusnference of primary coil cross-section 

is certizraete's 
i-Siarheter of a circle having the Sane area as 

the cross-section of the secondary body in 
cg; tigel's 

29-Nury, ber of turns of pringry coii 
p=Specific resistance of metal in the charge in 

chns per centimeter 
cy it cycles 

() 
there p, the quotient of secondary aid priinary 
current, is give: ay: 

i U-71 (R1-2R2) -iu (, 1-2; 2) 

(2) 

The power dissipated in the secondary body, i. e. 
in tine charge, is calculated by: 

far- 23222 (3) 

and the inductive load is: 
\;3-;129 (: - p?L2) ( . ) 

The inportent difference between a short coil 
furnace according to the present invention and 
the long coil furnace is the following: In the 
latter, the resistance of the secondary body is 
sprail as compared with its reactance coi2. 
Professor Estynarch, for the purpose of calculat 
ing the long coil furnace, neglected the term R2 
in the expression for p given above (2), and 
Wrote: 

p - . (5) 

In the furnace according to the present inven 
tioz, however, the resistance of the Secondary will 
be of a value comparable to its reactance (L2, 
and, therefore, the exact Formulae 2, 3 and & 
"gill have to a used for its calculation. 

23 

3. 

s 5 

t 5 

0. 

5 

cross-saction's 

i& tec 3 gro3.ii. 38.6iy. 
Sig. 3 represerts EXorndorfer's 

coils wifi. a, "ectangular cross-sectiox. 
used fog sietermining tie Self-inductance 
t; he piiri 3ry coil according to: 

I. suit .243.339 f : 

foristi, fo: 
... g.: 5 

Figure 5 shows a furiction discove.'ed by 8. 
jaigh River, for Xia £alculatic: ; 3i & N. 

:agicial ice of a circillai ring of circular 
sectio: , 
The diameter of the ring being 32 3,33d 

iiia Yneter being d, the Self 
fict32, Ce can be determi:18d by the equatio::: 

This firia, Cai e rised for the 
23 cuisitior cf tile Self-irid 33ta, ice ... s.... r 

diary body, i.e. cross-section of said boy kei:g 
relaced, for iisak, pur"Ose, by a circular C":3. 
32ctio of £guig circuinierence, 

Figure 35 show's a ralation found by Have 3:4::, 
etween the Intual inductance of two circuitar 

riangs of wire situated in the sa:me plane, aid the 
Cuotient, of the diameters of hoth rings. is 
relation can be used approxiinately for the der. 
termination of the mutual inductance in the twg 
coil systern discussed, which is determined by: 

Mark3. it).0-9 (8) 
The use of this formula will only lead to good 
results, if the height it of the prinaary coil is in Qt, 
larger than the difference of the diameters 3 
and iD2. Should the coil be made longer than 
that, the coefficient ka will have a lower valug: 
than Show in the diagram. It is desirable, how 
eye', to obtain as high a mutual inductance as 
pOSSible, 2nd a coil of a greater height than the 
limit given above will therefore rarely be used. 
The main fact learned from these diagrams 

wher) trying then on examples is: A variation 
of the height of the secondary body H2 between 
Zero aid the value of h will not affect the in utual 
inductance and only slightly affect, the Self-in 
ductance of the secondary. The resistance of the 
secondary, however, Varies inversely proportioia 
ally to the height ha. 

in the equation: 
2.12 

a 2. L. --R 
it, is, therefore, possible to consider, for a cei 
aia purpose, Mi and 2 as being constant, when 
R2 is varied by varying the height of the secon 

N = p.J.R. re- JR (9) 

dary body H2 within the foregoing limits. Pre 
suming this and Writing: 

li 
- L. (10) 

whereby the power dissipated in the secondary 
body becomes: 

M. n. 
N =Ji? - 1 -- n: (i. 1) 

there is obtained the maxinuni of power dissi 
pated in the secondary at a given current in 
the primary by choosing hip so as to give the 
maximum of the function: 

2, 

face i -- m? 

witch represents only the variables taken out 
(12) 
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{f 333ios. ii. Eifferexia, 33.123;s Siyo's is: 
323i E13A, C 3 i. 

{gricula {4} 

i. e. :light, Fa 3: ;ase secci:iary Yilisi, & 
8.29 SecY 232 go as a p2i. 8, resista,2ce of 

3y equal to its "eactas:ce is 2, & give the 2.35:- 
::it: i: 2 23Wei cissipated as te secondairy for a, 

gi:53, 3 curse: , ; a 0.3: it is tie 32st, 
figiericy of the firinase. The is dictive oat; iii. 

3, Sir Cit, ca. 13r; C2 is give: is 333io 4. i. 
try C2S2s &age value 3i E22 Wii only at 

go); 38% of Exe Vale of Eul, asying the 
gii, of Sile seconday Witki, the izits gives. 

agye Will, thexefore, only linean a sight varia, 
&ior of the isdictive o2 cl N: at a, given priinary 
3tize; at, lais reas that, at the eigh; 3 or 
"::it: he sowes' N; 68;tairs 2, in 3:iiagra for a 
gives. 23:33.7 cus "eit, he Yastige (33 

Ra 
WB 

{?aiti ig 3p}233;t&taly eai is practical fir 
::ces to the powe; factor cos. f.) Will reach its 
3:23 aux 3S Well. 

Ein's both the efficiency and the power factor 
3. Or 3, desig5 in the secondary channel that 
Will give 2, Sesistance 2 equal to ty. 

2 :onsidering a furnace in which this coradi. 
tios. is exactly fulfilled, the following simplified 
expressions can be used for the determination of 
the power N2 and the inductive load NB: 

2. 3 N.-it-yol-SE-i (5) 
MY 
2L. WB s Jr. (L. arr (16) 

'Eee:gressio: 
a 

ls 
Epoxiately equis C. She power factor, in a 
piactical firinace Recories: 

M3-04 --- A. (17) 
Near ( gay 22, L-BF a 2 22/ 

a poster factor depends solely upon the self 
indic;2 ces &Sid Xut 23, idit: ctances, always can 
cilitic Y, that, the sec{22 day channel Ireets the 
2. O'Ye Raeticalled reggiement. 

3:guatios. can be transformed, using Eglia 
tioxiS 6, 2:38, it: 

N:-----. D'k', (i8) 
IWB - (2i; La - N2) 2D, Dekku --- Dikuy? 

V. k.k.k.-- 
fi=Estie: (19) 

D, 
The last, equation. Coitains neither the number 

o: turns nor the diameter itself, but only the 
glotient of the diarieter's D1 and O2. It has 
hereinbefore been eighiained that it is impossible 
to vary 2 very much by varying the height of 
the secondary channel within the known inits. 
is either can ci be varied very rauch by changing 
the dinnensions of the primary coil. k3, however, 
the coefficient of nutilal inductances, is very 
Stich dependent on the quotient of the diameters 
D1 &nd 2. This leads to the conclusion that 
the Raxiki power factor attainable in a short 
Coi Suir. B.Ce, by choosing the height, 2 of the 
32:03cis,'y according &f Condition 4 will b2 chiefly 

g 

2 

25 

3 5. 

d 

4. 

E. 

55 

30 

7 

correct for a 

2,288,334. 
sisternige y is quicient of the diameter's 3 
3.3d 32. 
issuing pra,3&ica. 3Verage values for c. 33?. 

5:, the diagrari, ii. Fig. 6 shows he best pover 
i Eictor attailable in a short coil furnace plotted 
agai:S tie toiler, of 21 aid 3. it shout se 
icted 32, his is independesai, of the furice 
diazetes, tie fregency AZR the specific resisi 
&:ce of the 3:33, Aerial, if Condition 4 is inet, is, 
fz(x2a3e Wii & give) guoi,ient 

D. 
T. 

Will have aggr: ixiately the power factor show it 
iC. his sag 33R. 

it will be seen from the same that a short coil 
f}rnace under practical conditions will have a 
fa, better power factor than the coreless fur. 
laces hitherto howk, 

De 
AD 

ir praetical cases will have a value lying he 
EWee 3,8 and 0.92. A power factor of 0.16 to 5.3, 
can thus be obtained. The best long coil fu:i- 
glaces have a power factor of about 0.i. 

Generally speaking, it a short coil furnace this 
power Na disispated in the charge will be fai 
Superior to the Secondary power of a long coil 
ft2gnace of the same diarineter and the same as 
gere turns, With a furnace according to the 
presert invention it will therefore be possible to 
obtain electrical efficiencies of 80 to 90%. 
The results of the foregoing theory have been 

CC3 firraed by experiments. The maximum efit. 
ciency &nd lower factor was obtained at heights 
of the secondary-channel very close to the calcu 
lated Wailies. 
Coraditios 4 also leads to the fact, that the 

height a giving the maximum efficiency and 
power factor is dependent, on the frequency and 
the Specific resistance of the material only. Cal 
culations assing the Steinmetz formula to be 

stort coil furnace lead to a 

- Ely; * k Wif 
a for practical cases will have a value between 
23 ani 2 (see Fig. 4). As a rough formula for 
determining the height of the secondary chan 
nel we may, therefore, write: 

fortalia,: 

(20) 

(2) 

Ehis 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 
3 rained to fulfill Condition 14 by a complete cal 
Clation. 
In all the embodiments shown only the main 

parts of the furnaces have been shown, which 
are necessary to characterize the present inven 
tion. Other details of such furnaces, as are 
known to any expert, will be mentioned only for 
the Sake of completeness; for example all such 
furnaces should be provided with a tilting de 
wice, in order to pour out the metal. The fur 
Khace can be tilted either about the axis of the 
pouring nose or about the center of gravity of 
the furnace. However, the metal could also be 
reiraoved by means of a Syphon. The cooling and 
the Supporting of the coil can be performed by 
any of the known methods. Water cooling and 
air cooling devices have been shown in the fore 
going embodiments. 
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tly tie :oi will have riary coil situated at the extremity of Said groove, 

eis'3ctegy iiiig of acci 3. ir: a position corresponding generally to an ex 
gilis, of e tension of the length of said groove the free 

i: , opening of Sane into the icine; Space of th& Crucia. 
e isy ci'ost&tic pi'eSSuite Oi big being directed away from the location of tie 

said primary coil, the latter being shaped to i:- ''fill e coverient, aiways to le2.72 a certais. 
in et&i, i. ra ''' cc current, substantially only in the ireia in 

Xirenity of the 88.id groove, 3, plurality (). 

i0 is said groove with the inner space of £3 
Cicile. 

3. A. corgiess induction furnace for nai 
retals c; prising 3, criticible, an airiular gri 

Yi. 22 C3S3 ii. the botton Section of the crucible Wai, 
is order to Sep3:35.3 tie 2.2g24&tig 5 prinar:7 coil situated 3, he exii's inity C2 s; 

:acted: G differeti, pi:333s. groove, in 2, 20sition corresponding generally 3 
is illnace it, Yii gear: ar, exterision of the length of said groove tié: 

O free opening of same into the inne Space of 
crucible bairng directed away from the jocs 
o; the saic primary coil, the latter being 
it induca current. Substantially Oni is the 
i: the $2:tiennity of the said groove, a pius'3i 
o: late:"3 dictS 213 dia, ceilirai cihan he con. 
the Said groove with he in Y23 space 3. 
circible. 

5. A coreless indu 'tios. fusnace for n:6): 
32,8tals compiising a crucible, an annular groove 

:(1 tigin. Section of tie Crucible Wa (23: 
2Uinic: izg. With tie in Ye: space of he said C3 
bie, a primary coil situated at the eXtremity oš 

what, rain rer fine Sairie is to be performed, "We said groove, in a position corresponding generally 

25 S. 
3, 

a. 

de:32.2 liai, wait, "We clais is: to a 2xtension of the length of said groove the 
3. A coreless induction ill.i.5, Ce for melting free opening of same into the inner space of the 

prising a crucife, as 32 auilar groove crucible being directed away from the location of 
ii. i.i.2 botto: Section of the Cricible Wall 3037- 35 the primary coil, said primary coil having a, 
Yulinicatigg wit; he inner space of the crucible, J-shaped cross Section and embracing the end 
a gori??ary coil situated at the extrenity of Said of the groove with its flanges for the purpose of 

ion correspassigg ger- concentrating the induced current, in the nea 
is is:igii i Sai. in the extiranity of the groove. 
2. into the inae: 40 7. A coreless induction furnace for in eiting 

- g fixecited away fron. metals comprising a, crucible, an annular groove 
ocation, of the said piaai y Coil, the iati23. in the hotona section of the crucible Wall coii. 

i3.p.3d to induce current SibStartially only municating With the inner space of the said 
metal in he externity of said groove. crucible, a primary coil situated at the extremity 
CoggieSS ii) diction: 3:33; ace fox neiting pf said groove, in a position corresponding gen 
30::grising E":cible, at least 0.2e all- erally to an extension of the length of Said groove 
OWG ii, he botton Section of the cruci- the free opening of Sane into the inner Space of 
3rian:ricating with the innei space of the crucible being directed away from the loca 

le, a iiiitiiaSex Orii.223ry goii sitti- Šion of the said primary coil, the latter being 
axt:"e:Ziy gf eaci. 2; ciliar groove, 50 Sihaped to induce current substantially only iii. 

ic; corresponding generally to 3: e22- the metal in the extremity of said groove and air : S. 
& the ength of Said groove the fea additional long coil Surrounding the upper part 

Saize into the inier sp2.32 of the of the crucible above the said groove. 
g direct36 away froii tire location 8. A coreless induction furnace for melting 
itrary coil, the latter being shaped Anetals comprising a crucible, an annular groove 
regat, Substaitially only is the linetia. in the bottom Section of the crucible Wall comi 

E233 ?ity of said groove, municating With the inner space of the said 
3. A. coreless induction furiace ior neiting crucible, a primary coil situated at the extremity 

SistaJS 202ngrising a crucible, an annular groove of Said groove, in a position corresponding gen 
in the bottom section of the crucible wall COrn erally to an extension of the length of said groove 
inunicating with the inner space of the said '' the free opening of same into the inner space 
g cible, a primary scoil situated at the extremity of the crucible being directed away from the lo 
gif Exption, Epigs. cation of the said primary coil, the latter being 

the crucible being directed away from the loca- metal in the extremity of said groove, said groove 
tion of the said primary coil, said coil being con- and said primary coil having substantially the 
gi:"...cies as 2, short coil having a height approxi- same diameter, 
mately varying between 4; and A5 of its diameter 9. A coreless induction furnace for melting 
thus being shaped to induce current substan- metals comprising a crucible, an annular groove 
tially only in the metal in the extremity of said 70 in the bottom section of the crucible wall com 
groove, municating with the inner space of the said 

4. A coreless induction furnace for melting crucible, a primary coil situated at the extremity 
is coyngising a crucible, an anglaiar groove of Said groove, in a position corresponding gen 

io.2 of the Circile waii, 9, Air erally to an extension of the length of said groove 

  

  

    

  

  

  

  

  

  

    

    

  

  

  

  

  

  

  

  

  

  



tie free opaising of Sane into the inner space 
of the crucible being directed away from the igca, 
tion of tie said primary coil, the latter being 
Shaped to ind Ce current shstantially only in the 
metal if the extreity of said groove and eig 
constructed as an annular fiat coil located below 
the said groove. 

3. A coreless induction furnace for inelig 
incias COing: sing a crucible, an annular groove 
is the Otto: Section of the circile a co 
YEicating iiii tia iii.e: space of the ssic crici 
lie, a pri * Coi Sii.33 at le ge:Erenity of 
said groove, is a position corresponding generally 
to 2.2 extensic of the length of said groove tha 
free opshirg if sate into Šie iner space of the 
crucible beigig directed away from the location 
of the said prizrary coil, tie atter being shaped 
S. ii.2dice currei, Substaitially only in the stagia 

is the extenity of said groove, the eight, of tie 

s 

5 

Ciezai co:SA in the crucible eig controlled 20 

2,338,34. 
in Sicil a raiser 8s to counteract by its pres 
sire head the metal in overnent created in the 
vici:ity of the groove to such an extent as to 
refert surface oxidatin. 
ii. & coreless initiction furnace for melting 

Yetals Orprising a crucible, az annuitar groove 
it the gtton Section of the crucible Wai cont 
At Eic3ting with the is nei space of the said 
crucie, a priinary coil situated at the extremity 
of Said groove, in a position corresponding ges 
serally ig an extension of the length of said groove 
the free opening of sarie into the inner space of 
he crucible faing directed away from the local 

tion of the said primary coil, the latter being 
shaped to induce current substantially only ia 
the net2 in the extremity of said groove and 
8, sta:; below the said groove for the accumula 
tion of Sciid igurities. 

MANUE, AEA, 
MARO ARAA. 

  


