W. RODENHAUSER, -

ELECTEIC INDUCTION I’URNA_GE.
APPLICATION FILED WOV, 3, 1908,

- 987,404, Patented Mar. 21, 1911

2 SHEETS-SHEET 1.

p /@1

f r%« ,f.; ..... 5:{\\
/A Z 477 77




W. RODENHAUSER.
E‘LECTRIG INDUCTION FURNACE,
APPLICATION FILED NOV, 3, 1908,

987,404, Patented Mar. 21, 1911.

2 BHEETS-SHERT g,

4
%W 'd('l vt dor)

G Elovsid sy

é;@yfg%uﬂe/‘m ey



10

15

25

30
35
40

50

UNITED STATES PATENT OFF.

WILHELM RODENHAUSER, OF VOLKLINGEN-ON-SAAR,
’ GRONDAL KJELLIN COMPANY, LIMITED, O 3

GERMANY, ASSIC
LONDON, ENGLA

ELECTRIC INDUCTION-FURNACE.

987,404.

Specification of Letters Patent.

Patented Mar. 21, 1911,

Application filed November 3, 1508. Serial No. 480,885,

To all whom it may concern:

Be it known that I, Winrmmis Ropex-
HAUSER, 2 subject of the Kmperor of Ger-
many, residing at 58 Poststrasse, Volklingen-
on-Saar, in the Empire of Germary, have
invented certain new and useful Improve-
ments Relating to Electric Induction-Fur-
naces, of which 'the following is a specifica-
tion. '

This invention relates to electric induc-
tion furnmaces of the kind in which one or
more of the limbs of the closed iron core, on
which the primary winding is wound, are
surrourided by continuous melting channels
containing the material to be melted m such
a manner. that the current for melting the
wmatesial in the melting chaanel or channels
is produced directly by the induced currents
set up in the material to be melted, which
serves as a single secondary winding. Ow-
ing to the relatively great distance of the
secondary winding (the material to be melt-
ed) from the iron core, great magnetic dis-
persion is produced; this dispersion entails,
as is known, great phase displacement thus
vendering necessary the use of currvents of
low periodicity and hence involving the use
of costly current-generating plant; likewise
making it impossible to connect the furnace
to a current-generating system which has
to supply other appliances fed by high
periodicity current.

Tt has already been proposed to reduce

the dispersion by arranging a secondary

wire or bar winding upon the core limb
itself, the current inducéd in this winding be-
ing condiicted to the material to be melted
by the aid of electrodes inserted in the wall
of the furnace. It has not, however, been
found possible to obtain thoroughly satis-
factory results in this way because a sec-
ondary winding so arranged does not re-
move the defect to an extent commensurate
with the complication of the arrangement,
and because on the other hand, 1f an ar-
rangement for utilizing the current of the
secondary winding is not provided, so that
this winding is short cirenited on itself,
much electrical energy is lost by the genera-
tion of ohmic heat in the windmg. S
The chief object of the present invention
is to reduce the dispersion in a very simple

but effective manner by means of a special
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formatio® of the cross section of the limbs

or members of the closed iron core, and a

novel arrangement of the members compos-
ing the said cove. This grrangement s
based upon a knowledge o the fact that a
far- greater number of lines of moguetic dis-
persion issue from the limlis at the two faces
that are formed by the edges of the com-
pressed sheet metal jamine composing ihe
{imbs, than from the faces formed by the
two outer sides of the two oufermos
metal lamine. As is known, the veason for
this is that the eddy currents cirenlating in
the laminm act in opposition to the disper-
gion of the lines of force frem the iron cove
in a direction transverse to the lamina
According to the present invention
dispersion above referved. to is veduced
making the faces constituted by the outer-
most  sheet 1 lamine counsiderably

netal
broader than the faces formed by the edges
of the compressed laminw; in other words

each lamina is considerably brosder than
the thickness of the assemblage of com-

pressed laming. By this nieans Umbs whid]
present an elongated rectangular form in
cross-section are obtained.
the melting channels which inclose the rec-
tangular limbs formed in this manner is of
course greater than if the cross section of
the limbs were of square or circular shape
in cross section other conditions being the
same.
terial in the melting channels to the passage
of the current induced in it is therefore in-
crensed, and this incvease in resistance of
the secondary circuit causes a reduction of
the phase displacement, and this, as is
known, produces a favorable effect in the
working of the furnace.

edges of the laminde, the joints between the
voke pieces and vertical limbs comprising
the iron core should be such as to cover as
much as possible the faces constituted by
the edges of the lamine, and cause the lami-
ne of one mémber to be continuous with
those -of its adjacent members. - This is the
case if the plane in which the extremity of
the central lamina of each yoke piece les
i identical with that in which the adjacent
extremity of the central lamina of the cor-
responding vertical limb lies. T

In applying the principle of this inven-
tion fo electric induction furnacés in which
the core comprises two straight horizontal

- yoke pieces lying at right angles to and con-

5t sheed

The length of

The resistance opposed by the ma-

work 1 As a further pre-
caution against magnetic dispersion at the

64

af

24

8L

9

95

100

165

TG



2

necting the ends of two veriical limbs sur-
rounded by melting channels which unite
between the saitt limbs to form a common

- working hearth, the longer cross sectional

axes of the two rectangular limbs would be
in a line with one another, the yoke pieces
extending in the same line between the said
limbs. It will readily be understood, how-

-ever, that this/ would result in.a defective
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~Aform of furngte; the furnace would be ‘dis-

proportionatély leng and narrow in plan,
and the melting chamber formed by the
union of the two melting channels surround-
ing the limbs and serving as the working
hearth would be small.
are avoided and the working conditions
rendered favorable by arranging the vertical
Jimbs in sich a manner that their broad side
faces are directed toward each other and
their short cross sectional axes are in line;
by this arrangement the furnace may be such

- that its form in plan does not differ largely

from a square, and the melting chamber or
working hearth may be given a very ex-
tended area. As however, with this ar-
rangement of the vertical limbs, their cen-
tral laming are not in the same plane but in
parallel planés, separated by the distance
between the limbs, 1t follows ‘that, if the re-
quirement referred to above, namely that the
Lumina of the vertical limbs and yoke pieces
shall be continuons at the joints, is to be ful-
filled, the two yoke pieces connecting the
ends of the vertical limbs cannot be formed

as straight bars Lut each yoke must be.

curved in such a manner that its two ends,
which are io abut against the ends of the
verbical Hmbs, are similarly directed. Pref-
crably the yoke pieces are bent semi-ciren-
larly, the inner ciameter of this semicircle
being equal to the horizontal distance be-
tween the oppositely placed faces of the two
vertical limbs.  The plane ofsthe cirele into
which each yoke picee is hent must be per-
pendicular to the planes in which theJumina
composing the vertical limbs lie; it may e

either in the plané containing the longitudi-

nal axes of the two vertical limbs or be per-
pendicular thereto, that is to say 1t may he

horizontally directed. The last-named ar-
rangement presents special advantages; in

the first place the cover plates of the melting
chamber, or a working door arranged, say,
in the cover of the furnace, are rendered
readily accessible and can readily be re-
moved for cffecting repairs to the furnace or
the like; secondly,

narrow compared with its depth, covers only
a very small part of the furnace, and need
not therefore be removed each time the fur-
nace is prepared for smelting.

Polyphase enrrant transformers have not
hitherto heen used for electrical induction
furnaces, although the advantages presented

Both these defects’

the upper yoke piece be- ;
.Ing, i accordance with this mvention, very

087,404

by the use of polyphase currents for factory
installations as compared with ordinary al- -
ternating currents are well known, for the
reason that in using transformers of known
construction the furnace has not been ac:
cessible and has heen difficult to supervise.
In accordance with the present invention.
however, polyphase current transformers
-aay readily be used without any construe-
tional complications; their use secures the 75
advantages enumerated above and in par-
ticular a favorable distribution of the melt-
ing chambers. Moreover by erecting the
vertical limbs corresponding to the scveral
phases in-a triangular manuer, the effect of
the alternating current will'of itself cause a
vigorous circulation of the material on the
melting hearth, while in order to produce
such a circulation in furnaeces of the kind in
question, for which heretofore polyphase 85
current transformer furnaces with vertical =
limbs arranged triangularly have not been
used for the reasons given, it was necessary
to provide special and complicated means.

In order that the said invention may be
clearly understood and readily earried into
effect, T will describe the same more tally
with reference to the accompanying driw-
ings, in which :— :

Figure 1 is a vertical section, Fig. 2 a see-
tional plan, and Fig. 8 a vertical section at
right angles to the pesition in which Fig. 1
is taken, illustrating one form of . fnrmace
constructed . in accordance with this inven-
tion. TFig. 4 is a sectional plan of a furnace
constructed in accordance with this inven-
tion for use with three-phase cnrrent.

In each of the figures « represents the
common melting chamber or hearth formed
by the nnion of the melting channels 4 whicl, 105
surround the vertical limhs « of the closed
iron core. The vertical limhs ¢ are con-
nected together by the voke picces b,

. Referring first to Figs. 1 to 3 it will be
seen that the furnace is about one and one 110
half times as long as it is wide, and that the
width of the lamin® of which each of the
]imﬁsxq\is composed is about three and one
half times-as_great as the thickness of the
assemblage of lamine. The upper of the 115
two yoke pieces b, which are bent semicir.
cularly and connect the ends of the limhs ¢
as shown, is arranged in such a manner that
it lies in a horizontal plane with the resnlt
that free access can be had to a working- 120
door ¢ arranged in the middle of the furnace
cover and serving for the introduction of
fluxes or the like into the melting hearth a.

The lower of the two yoke-pieces 15 arranged

in such a manner that it liesin a plane con- 125
taining the longitudinal axes of the vertical
limbs; by this arrangement the lower yoke
piece 6 and the two limbs ¢ ¢ may consist of
one piece as shown. '
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In Fig. 4, which represents a furnace for 120
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use with poly'ghase curx:@f:j;._.“tlwo of the limbs
in the same Telative positions
s the two limbs in the furnace illustrated

- in Figs. 1 to 8. The third limb is arranged
5-

Wwith its longer cross-sectiopal axis at right

. angles -to those of the otI#r two, and is so

10

situated- that the longitudinal axes of the
three limbs are loc#éed in plan approxi-
mately at the corners’of an equilateral tri-
angle. . The two ends of each of the two first
named limbs-are connected with the ends of
the third limb by horizontal yoke pieces'd

+ which are curved approximately like a quad-

15.

20, .
* by the union of the three melting chapnels

inclosing the said limbs is of approximately -
“pectangiilar shape in plan in the arrange”’

rant so that the direction of one end of each
yole piece is perpendicular to the direction
of its other .end; in this way, the laminz
of the yolte-pieces and the vertical limbs are
similarly directed at the joints. The com-
mon melting chamber or hearth @ located be-
tween -the three vertieal limbs and formed

“ment shown in Fig. 4, as is also the case with
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‘the furnace shown In Figs. 1:to 3., The
cover. plate or .plates (not shown) serving
for covering the working hearth a, are read-
ily accessibles “An electrode f, consisting of

a plate;of refractory material facing the ma-

terial~inythe melting ‘chamber and a metal

© plate ‘between: said réfractory material and
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~the furnace’wall, may be let: into éach of
‘those ‘parts-of the furnace wall which are
“situated between two limbs and serve-to con-

fine the working hearth «; a seconddry ivire
or bar winding may be arranged upon one or
more of the vertical limbs anil the current
induced inthis’ winding may be conducted
to the 8lectrodes f in such a manner that the
alternating currents conducted through the
earth « ‘in tithse manner flow

- _through the material to be melted in the
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same direction as the currents produced in
the melting channels by direct -induction.
This arrangemeént, which does not tiowever
form a novel part of the present invention,

“insures the matérinl contained in the large

working hearth béing traversed, in addition
to the direct indnction currents, by alter-
nating eurrents of such strength correspond-
ing to its laree cross sectional area and con-

sequently to its small resistance that the heat,.

produced in the working hearth is not much

less than the heat produced in the melting:

charnels. The use of a polyphase current
furnace with its vertical limbs arranged 'tri-
angularly "in plan, whatever ‘may be the
form. of the limbs in. cross section or the
method of arranging the yvoke-pieces comn-
necting ‘their ends, insures that a circula-
tory movement of the material is obtained in
the working hearth, a arranged in the space
between the three limbs, and, as js known,

this cirenlation acts beneficially on the met-'

allurgical process carried out in the furnace.
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What T claim and desire to secure by Let-
ters Patent of the United-States is=—

1. In an eleefric induction furnace, the
combination with the primary winding and
the melting chamber, of a core on which the
primary winding is wound, said core picre-
.ing the hearth and comprising sheet metal
laminze the width of each-of which is con-
siderably greater than the total thickness of
the assembled lamina, the broad face of said
core facing the open working portion of the
hearth, for the purposes specified. . -

2, In an electric induction furnace, the
combination with the primary winding and
the melting chamber, of a core on which the
primary winding is wound, said core pierc-
ing the hearth and.comprising sheet metal
lamine assembled’ together into clongated
rectangular form in cross section, the planes
containing the laminx lying parallel with.

fied. »

‘combination with the primary windihg and
the melting chamber, of vertical limbs pierc-
ing the hearth and connecting voke pieces

of sheet metal laminge the width ot each of
which is greater than the total thickness of
the assembled laminz, the broad face of said-
‘vertical limbs facing the open working por-
tion of the hearth, the, laminte of abutting
portions of the limbs and yoke pieces being
in the same plane,
continuous, for the purposes specified. - . -

4. In an electric induction furnace, the
combination with the primary winding and

ing the hearth and connecting yoke pieces
constituting a. closed iron core, and com-
posed of sheet metal laminse the width of
each of which is greater than the total thick-
ness of-the assembled laming, the broad face
of said vertical limbs facing the cpen work-
ing portion of the hearth, the said yoke
pieces being bent so- that their -extremities
are similarly directed, and the lamine and
abutting portions of the limbs "and ,yoke
pieces being in the same plane so as to be
practically continuous, .for. the purposes
specified: o

5. In an electric induction furnace, the
combination .with the primary winding and
the melting chamber, of two vertical limbs
and yoke pieces constituting "a “closed iron
core and composed of sheet metal laming, the
width of each. of which is greater than the

lamina, said vertical limbs piercing the
hearth and baving their broad sides facing
the open working portion of the hearth, the
shorter axes of the two vertical limbs being

voke pieces bent so that their extremities are

; S0 as to be practically
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the longer axes and facing the open working-
pottion of the hearth, for the purposes speci-"

3. In an. electric induction furnace, the’

90

constituting a closed iron core and cémposed
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the melting chamber, of vertical limbs piere- -
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‘total thickness of the rectangularly assembled
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arranged in line with one another and the -
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similarly directed, the Jamine of abutting
portions of the limbs and yoke pieces being
in the same plane so as to be practieally con
tinuous, Tor the purposes specified.

6. In an electric induction furnace, the :

c-mbination with the primary winding, and

the melting. chamber, of two vertical liinhs .
_and yoke pieces congtituting a closed jron :

core and composed of sheet metal huiina
the width of each of which is greater than

the total thickness of the rectangularly as- |
sembled laminse, said vertical limbs picrcing |
the hearth and having iheir hroad sides -

facing the open’ working portion of {he

5 hearth, the shorter axes of the two vertical

limbs being. arranged in line with one an-

~. other, and the yole pieces hent so that their

<t
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.exivemities are similarly divecled and the

upper of the yoke pieces being arranged
horizontally, the lamine of abutiing por-
tions of the limbs and yoke pieces heing in
the same plane so as to be practicully con-
tinuous, for the purposes specified.

_ 7. In an electric induction furnace, the
combination with the primary winding, and
the melting chamber, of three vertical limhs
located triangularly and piercing the hearth,

and horizontal yoke pieces hent so as'to join’

the extremilies of the vertical limbs, the
said limbs- and yoke pieces comprising a
closed iron- core, heing counstructed of sheet

- metal laminwe the width of each of which s
_greater than the total thickness of the as-
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sembled lamina, and- arranged with the
broad sides of the vertical limhs facing the
open working portion of the hearth.- and
the laminge of abutting portions of the limbs
and yoke pieces being in the same plane o
as to be practicallv continuous. for the pur-
poses specified. o

8. In an clectric induction furnace, the
combination with the primary winding, and
the melting chamber, of two vertical limbs
of elongated rectangular form having their
shorter axes in line with one another, a third
vertical limb of similar form located triangu-
larly with respect to the other two and hav-

- . 987,404

{ ing its shorter axis at right anglés to- those
of the other two, and horizontal yolke ‘pieces

tical limbs, the said limbs and yoke pieces

bent so as to join the extremities of the ver--

comprising a closed iron core and being con--

t structed of sheet metal lamine the width, of:.

i and yoke picces being in the same plane so

Poses specified. , .
9. In an electric induction furnace,the
i combiration with the primary winding and
i the melting hearth, of vertical limbs piercing
i the hearth, and connecting yoke. pieces con-
i stituting a closed iron core and composed of
i sheet metal laminze the width of each of
{ which is greater than the total thickness of
i the assembled lamine, the broad faces of

. said vertical limbs facing the open workin
portion of said melting hearth, as described.
10. In an electric induction furnace, the
combination with thé primary winding, and
the melting chamber, of two vertical limbs
of elongated rectangular form having their
shorter axes in line with one another, a third
Jvertical limb of similar form located tri-
angularly with respect to the other two and
“having its shorter axis at right angles to

pieces bent so as to join the extremities of
the vertical limbs, the said limbs-and yoke
pieces comprising a closed iron core and be-
1z constructed of sheet metal laminae the

tptal thickness of the assembled Jaminse,gnd
the central lamine of abutting Jimb§?
voke pieces being in the same planezss.;
to be practically continudus. for the purposes
specified. Co T
In testimony whereof I aflix my signature
in presence of two witnesses.
~ WILHELM RODENHAUSER
Witnesses: il
‘T.ouis VANDORY,
H. SreLzer.

-

each of which is greater than the total thick-"
ness of the assembled lamine and the cep~
. tral lamina of abutting portions of the limbs-

as to be practically continuous, for the pur-.
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width of each of which is; greater than the .
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