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75 all whom it may concern:

Be it known that I, Jomx Tmomsow, a
cliizen of the United States, and a resident
of the borough of Manhattan, of the city of
New York, in the county and State of New
York, have invented certain new and useful
Improvements in Electric Furnaces, of
which the following is a specification, refer-
ence Being -had to the accompanying draw-
ings, forming a part heveof.

This invention relates particularly to im-
provements in resisters of electric furnaces
and to their arrangement and disposal in the
furnace chamber with a view to -most effec-
tually realizing the widest range of adapt-
ability and the highest thermal efficiency.

One of the principal objects of the inven-
tion is to provide a resister, which, while
being composed of a plurality of elements,
is self supporting ; that is one which does not
require any extraneous ineans of support be-
tween the terminals, whereby the resister

. may be entirely free from or out of contact
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with all parts of the refractory and, in fact,
T)uspended in space within the furnace cham-
er.

Another object of the invention is to pro-
vide a resister which may have its resistivity
increased or  decreased in different zones
whereby to correspondingly change the cur-
rent density within itself; which shall be
capable of {;eing formed by the established
methods of manufacture; which shall be
readily applicable to various types of fur-
nace and to which the furnace and its heat-

“ing chamber are conformable in a manner to

derive both the maximum of temperature
ad the highest rate of delivery, or volume,
. heat-units in a given time from a given
amount of energy.
in accordance with the present improve-

ments, the foregoing is realized by forming .|

the resister, preferably of carbon, from a
plurality of parts constructed and arranged
to interlock one with the other, or one or
nore with others, and also to interlock with
or be sustained by the terminals, in such
manner that the resister is in free space and
may be built either above, or below, or at;
the sides of a heating chamber; and further-
more, the codrdinative construction of the
furnace chamber is such that the delivery of |
the heat waves from all portions of the ex- |
posed surfaces of the resister is realized in:

|

useful effect upon the charge with the mini-
mum of dynamic loss.

In the drawings: Figure 1 is a plan view
of a furnace embodying the invention, with
the cover removed. Fig. 2 is a longitudinal

central section, the plane-of the section heing

indicated by the line 2—2 in Fig. 1. Tigs.
3 and 4 are transverse central sections,
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left and right, respectively, the plane of the .

sections being indicated by the line 3—4

in Figs. 1 and 2. Fig. 5 is a transverse cen-
tral section and Fig. 6 is a longitudinal cen-
tral section of a furmace showing modifica-
tions. Fig. 7 is a plan view and Fig. § is
a vertical ecentral section of a furnace show-
ing other modifications. Fig. 9 is an en-
larged detail view of the resister sections
and the terminals, to -better illustrate the ap-
plication theveof, as shown in the preceding
figures. Fig. 10 is an enlarged detail view
of a resister applied in a modified manner,
and Fig. 11 is a diagrammatic detail indicat-
ing some of the various forms of construc-
tion of elements which may be employed to
build the resister.

Referring first to Figs. 1-4 inclusive and
to Figs. 9 and 10, one embodiment of the
invention will first be described in connee-
tion with the particular type of furnace
shown in these figures. Here, the main
body « of the furnace is provided with & re-
movable cover b containing an opening u for
chgrging or for visually inspecting the inte-

_rior of the furnace, and the resister is a_com-

pound one having two sections D and D',
which are connected up in series, confined
between the terminals ¢ and ¢’ at one end
and the connector-piece e at the other end.

Each section of the resister will be seen to
consists of a plurality of grooved plates d
laid_ transversely thereof and the opposing

foees ‘of which. are so disposed as to prevent

a staggered arrangement of the whole;-and
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in the figures under present consideration, .

each resister element may be likened to a
series of round rods laid together lengthwise
but having rounded or neck-like joints along
the intersections, thus presenting the form
of a fluted plate.” Manifestly, when such

plates are laid together, with the rounds of
one plate in the hollows of another the con-
tacts will beiin lines, and when a series of
such plates ac: set between terminals, or a
terminal ard a connector, having correspond-
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g flutings, as shown, and held against dis-

plecement endywise, the severhl parls wre in- |

terlocked and the resister as a whole is solf-
sustaining, its weight and end-thrust being
taken wholly by the said terminals. Az
compuratively little end-pressure is neces-
saly to maintain the lines of contact along
all of the convolutions, it will now he ap-
pavent that with such'a keyed structure a
wide range of electrical contact resistance
may be obtained and that, being independent
of position for its support, it can be built in
rarious forms and applied to many types of
furnaces.  Thus, in Ifigs. 1 to 4, the resister
bown suspended in clear space above the
;In Figs. 5 and 6 the resister is sus.
el below the retort %, while in Figs. T
and 8, the vesister is snspended within a cir-
cufar fwrmace easing, in fonr vertieal soc-
tiong, forming a hollow square within which
o crneible, as ¢ may be set.  In this instance
fhe convolntions of the resister plates would
-wise of the plates instead of fength-
L But while the described arrangement
of having the pesister suspended by the ter-
inals is vegarded as the preferable this ix
rot an dxdispensable featuve and in fact
there may be cireumstances where the said
sispension might equally well De upon the
furnace walls direct. Thus, the refractories
", Figs. 1 to 6, shown in full lines, which
act as the primary supports for the termi.
Lound as secondary supports for the ve.
er. simply require to be extended in.
wardly, as shown by the dotted outlines 0,
Figs © and 6, when the resister would be
primarily supported at each end thereby;
and i the teriinals may be ar.

I', it

m this wise {
ranged to be removed without interfering
with the resister,

As has alveady been pointed out in another
applieation for Letters Patent filed May 13,
1009, Sevial Wo, 495,585, “ in order to main.
tain w practically constant pressure upon the
carbon, which is essenfial to the control
of the electro-thermacy ”, the end-pressure
required to maintain the interlock of the
fluted plates is produced through the inter-
vention of suitably mounted springs o7, Iigs,

I, 2 and 6, actnated by adjusting serews ¢,
or.in the instance of Ifigs. 7 and 8 by vield:
ing steel bands ¢t acting resiliently “against
the brick-work. In this wise, the exact
amount of pressure can readily be applied
and also sach an extent of resiliency that the
expansion or contraction of.the resister ean
talie place without sensibly changing ity
density.  When g compound resister is used.
connected in - serfes, " two screw - actuated
springs are preferred, as shown in Fig. 1,
whose outer thrust is taken by the bar et
which containg the adjusting screws. In
this instance each sp ing is located to im-
part its thrust through a sliding refractory
¢'' impinging against the connector ¢ along

!

|
|
|
|
);
|
|
|
|
|

the central axis of cach seetion of (e o
sister. Now, by placing slidable carbon vods
ct* capable of being pinged when desived
against the connector and a volt-meter, or me-
ters, us ¢', connected by a shunt circuit he-
tween these rods and the main cirenit, it can
be ascertained at once and at any time if the
rate of generation of energy in both sections
of the resister is the same, and if not the re-
sistance of the said sections can he made the
same by proper manipulation of (he spring
tension.  Without some convenient menns of
this kind the vate of generation of energy in
one section might he munuch greater than in
the other and the endurance of the whole
would be that of the overloaded membor,
Another advantageons fonture of this in-
terlocking vesister system is that any side
of a resister may veadily he given greater
compression than the opposite side, therehy
coreespondingly increasing the current o,

sity and the temperatiee. A woain, when o
a horizontal Plane,

resister is disposed along
with just sufficient encl-pressure to make con-
tacts hetween the flutings, its upper portion,
due to its weight, will be under compression
while its lower portion wilt be in fension,

tending like an arch to separate. An ex-
actly nentral condition, or an excess, can

readily be effected by the simple expedieni
shown in Fig. 9, wherein the faces of the
terminals are slightly beveled so (hai when
the terminals approach each other horigzon-
tally, the pressure will be ereater, or more
intense. along the lower line o than the
upper n. In practice the actual nmoun of

the difference in spacing between (he top

sand bottom of each plate is ordinarily very

slight, say fron .002 to .005 inch: and may
be gaged with the utmost exactness by ihe
angle eiven to the terminals.

Tt will be observod in Mo 2 that the ter-
minals and the connector are wider than the
main portion of the vesistor and that
sisterplates d” are provided to conneet there-
with whose widths arc approximately equal
to that of the said terminals and connector:
the object and advantage of thig being to
obtain the largest possible area of contact
and thereby deliver the enrrent into the re-
sister with the least possible drop in voltage
from the Iine connection.

A construction of the resister is shown
in Fig. 10 in which the interlocked plates
are stacked at a considerable angle o the
horizontal, 22 degrees, as denoted in the
drawing. "This involves the use of a. kev-
section ¢* but in this wise the terminals may
be rigidly confined as the key will rise or
fall to compensute for exXpansion or con-
traction. The pressure upon the resister
plates will be that dne to gravity and the
use of such a structure is corvespondingly
limited. Buat the electrical effectiveness of

-

this form would not he impaived in that,
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unlike an avch, the lineal length of the re-
sister elements, above and below, are equal,
the lineal difference being entirely compen-
sated in the key, which would ordinarily be
of pure graphite; and consequently the vari-

-ation in its resistance through top or bottom

would be inappreciable.

Because of its strength, rigidity and ease
of manufacture, the fluted resister plate,
with staggered interlock, is regarded as the
preferable form; but, as will now be shown,
various modifications thereof can be made,
whereby to meet any or all practical re-
quirements. Thus, in Figs. 5 and 6, the
resister is composed of plates ¢* having V-
grooves and between the said grooves sepa-
rate. tubes, as d* are interposed. Here each
tube acts as a key and yields four lines of
pressure contact between each pair of plates.
This combination possesses the obvious ad-
Fantage of having an exceedingly, large area
of radiating surface. In the various modi-
fications illustrated in Fig. 11, the tubes d*
are shown as interlocking shallow square-
shaped grooved plates ¢° and <° in 2 manner
whereby six lines of pressure contact ave
shown for each tube; round rods d7 aré here
shown, substituting the tubes; balls, d® may
take the place of either and .corrugated
plates d°, d**, d** may be employed, of uni-
form thickness, where the combination of <"
and ¢ will obtain line contacts. Finally,
should the requirement arise of obtain-
ing an interlocked resister of the lowest
possible resistivity, this may be realized by
combining the two similarly * V-grooved

. plates d°, or the corrugated plates d** and

d** as in“these -instances the area and in-
timacy of contact would be greater than that
of flat plates of corresponding face dimen-

Tt may be pointed out with respect to the

~arrangement of parts shown in Fig: 6 that

- this type of furnace readily lends 1tself to

faxi)

as

metallurgical operations where an oxidizing
atmosphere ‘is required, or where the gases

given off by the charge would act detyi-.
Thus, by "

mentally on the carbon resister.
mme}ly closing the side spages at the top,

the resister would then be effectively con-
tained in a chamber distinet and separate
from that of the charge.

When a compound resister is employed,

in seri  and ‘arranged after the manner

“shown i Figs. 1, 2, 8 and 4, it is preferable
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65

to use a connector made of Acheson graph-
ite; but the leading-out terminals ave pref-
erably of amorphous carbon. The advan-
tage 1s in the higher electrical and thermal

- conduetihility of the graphite, inside of the

furnace, and the lower thermal condueti-
bility of the carbons to the exterior of the
furnace. At normal temperatire the. elec-

yy thin plates of reerystallized silicon-

carbid or the like, shown in dotted lines y, | toward the bath, retort or crucible.

2

trical resistance of pure graphite is about.

four times less than amorphous carbon, for
like sections; but at high temperatures the
difference is considerably less. Still, the
difference, even at the best, is not negligible
when thousands of amperes are to be deliv-
ered to. the resister. This objection is
largely overcome by making the inner pox-
tions of the terminals, where they are in con-
tact with the resister, as from » to s, of
graphite, and the outer portions, as from
s to p, of carbon. This can be accomplished
by graphitizing only that portion of the
terminals which are to lie inside of the fur-
nace, or by suitably jointing two blocks, one
of graphite and the other of carbon. :

It will be perceived that if the register
plates are under an equal degree of contact
between their various lines of impinge-
ment—a condition which the construction
already described can readily obtain and in-
definitely continue—that all parts of its sur-
face will similarly radiate heat; and also
that the longitudinal spaces along the line-
contacts of the flutings afford an exceedingly

effective egress for the heat from every por-

tion of the incandescent mass. To realize
the utmost efliciency of this condition is the
complementary feature of the design, and
consists in forming the inner walls of the
heating chamber so as to present a surface
of incidence which shall be less or more than
a right angle to the emitted heat of the re-
sister, thus rendering the incipient encrgy
less effective to impart heat to the furnace

11 and more effective to increase the tewm-
perature of the charge. Therefore, in Figs.
2, 8.4, 5, 6 and 8, where the arrows « indi-
cate heat waves radiating directly from the
resister and the arrows.z ‘indirect or rve-
fracted waves; the impingement of-the heat
upon the bath, retort or crucible is gener-
ally shown as in direct lines, the most effect-
ive possible for the contemplated purpose;
while the swrrounding and  overtopping
walls are appropriately curved to deflect the
direct heat waves received from.- the various
surfaces of the resister and cause-them to
continne their movement, although with less-
ened intensity, downwardly or upwardly
And
the consequence of this construction, which
is entirvely feasiblé to realize in practice, is
a material increase in thermal efficiency and
endurance of the refractories.

From the foregoing, it will be understood
how the invention may be embodied in va-
rious types of furnaces. TIn the several con-
structiong illustrated herein, the same rvefer-
ence letters have been used to refer to cor-
responding parts, so that a detailed descriji-
tion in the case of each of the furnaces spe-
cifically alluded to has been unnecessary.
Moreover, it may be noted here that in all
of the illustrations of the present case, the
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resister has heen shown in componnd form °

with ity sections connected up i series.  In
such instances, the counector-piece between
any two sections is, mechanically considered
at least, the equivalent of a terminal and
should be so understood in reading the
claims. .

It only remains to be stated that the inter-
locking plate resister may be used, retaining
many of the advantages that have been
pointed out in the foregoing, by being sup-
ported along its sides, either continuously or
at one or more loeations, or at one or both
sides.  For instance,
would be the preferable when very light
fine-contacts ave desirable.

I clatm as my invention:

L\ resister for an electric furnace cony-

such an arrangement |

950,370

13, An electric furnace having a resister

eomposed of separable resistance parts in-

prising a plurality of interlocking resistance

clements.
9

A resister foi an electric furnace com- |

prising a plurality of micrlocking vesistance |

plates.

3. A resister for an clectriec Furnace com- ;

prising a plurality of fluted plates,

+ A resister for an electric furnace coni.
prising u plurality of interlocking earbon
plates.

5. A vesisier for an electric furnace com-
prising a plarality of grooved plates ar-
ranged to interlock with each other.

" 6. An electric furnace
comprising a plurality o

supported entirely free of the refractory.
7. In an electric furnace, in combination

'

having a resister |
I elements disposed
1 oa direet line between the terminals and |

with the terminals, a resister having a plu-

rality of -elements suspended from and 1 .a |

direct line between the terminals and self
sustaining so as not to require any extra-
neous means of support other than the fer-
minals. ’

S An electric furnace having a resix
composed of separable interloeking resis
ance plates arranged transversely thereotf.

9. An electric furnace having a resister
composed of separable grooved plates ar-
ranged transversely thereof, the said resister
being supported wholly from its ends.

10. An electric furnace having a resister
comprising a plurality of interlocking re-
sistance elements and terminals at each end
thereof acting to maintain the interlocking
of and thereby to support the elements.

11. An electric furnsce having a vesister
comprising a plurality of interlocking ve-
sistance plates mounfed face to face and
means to support the resister by waintain-
ing a thrust lengthwise of the same.

12. An electric furnace having a resister
comprising a plurality of grooved plates
mounted face to face and terminals at each
end of the resister adapted to exert a thrust
to keep the plates interlocked with each
other, .

ler

lerlocked between themselves and the ter-
minals,

14. An electric furnace having a com-
pound resister adapted to be connected in
parallel or in series and coraposed of sep-
arable parts interiocked between themselves,
the terminals and the connector.

15. An electric furnace having an inter-
locked resister engaged by the terminals
and suspended thereby in a direct line,

“16. In an electric furnace, a resister com-
posed of grooved plates held together by
the terminals,

7. Tn an electric farnace, a vesister com-
posed of erooved plates, assembled in stag-
gered relation and held together by the ter-
minals,

18 In un eleetvic furnace, a resister com-
posed of grooved plutes, and means Jdisposed
i the grooves to interlock the siid plates,
all being held togethier by the ferminals,

19. In an elecivie furnuce, a plurality of
interjocking vesistance elements, and
minals having their faces adapted {o eng
and interlock with the resister.

20. In an electric furnace, a

£

compuound

vesister consisting of interlocking earhon
elements, terminals, and 2 connesing, gaid

terminals and connector heving fheie
ndapted to eugage and interlock wit]
resister,

21. In an clectric furnace, o
interlocking resistance elemoents o
the resister, and terminals wlose |
wider than the main portion of the =
sister. - :

22. In an electric furna
vesister and terminals by ane
the resister is arranged to be self-sustaini [
in a direct line, the said terminals bhaving
the planes of their faces disposed to irmpart
either uniterm pressure or an exeess of
sute at one or the other sides of the neutral
axis of said vesister.

23. An electric furnace having o resister
composed of interlocking pavts, terminals
therefor and vesilient or reactive menns to
clamp the terminals, '

24, An electric furnace having a resister
composed of interlocking parts mounted in
a plurality of sections between elecivieal
conuections, the end pressure on each sec-
tien being separately adjustable.

25. An electric furnace having an inter-
locking resister mounted in a plurality of
sections between terminals, and a movable
electrode or electrodes for connecting each
of said sections in u shunt cirenit whereby to
separately medsure its resistivity under ac-
tual working conditions.

20. An electric furnace having a resister
mounted therein the inner surface or sup-

pres

;16

13

S

14

5
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faces of the furnace being irvegnlarly curved 139
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or sloped so that the angle of refraction
therefrom-shall be less or mare than a v 1ght
sngle to the line of impingement of the
smtted heat waves.

5 7. An @iecvmc furnace V;'Qg & resister
mounted the te heat Nhe charge or its
container ’m/ divect mﬁmmm u‘om a pm“,lfm
thereof, | bhe inner suriace or surfaces of the
+u"zwu% seing formed with ir rregular curves

: iated heat from the other
sister in Jn‘%mons dif-

u“

g:' D

b from that of the lines of impact.
‘Vi, An elec fm’nace having a resister
composed of a pl ()53 selfs supporting
i5 %menis, ‘P“{ etween which the

ing vary the distance

**es aTe con-
: ‘*"'mo against
neans to adjust the re-
1pose sot forth. -

._Tesister
oF elements disposed
and su_sj»puud €N~

of the wmmnais_

tirely free of the refractory, and vielding
means to retain one of the Le"}mmk

31. In an electric furnace, in combination
with the terminals, a 1‘8515&1 comprising a
plu ahty of elemeiits dl&poeed between the
terminais and supported wholly thereby, and

means to permit one i the terminals to h.uve

, limited 1 range of movement to compensate

for the expansion and contraction of the ve-
ter elements due to thermal chang:
82. An electric furnace having tummal
SJppO}f.’t extending wider the resiste
electric furnace having lefmc-
tories to support the terminals, said re-
x*'u(,"fories belng extended underneath the
@nlis of the resister to sy pport the same.

34. In an electric furnace a resister hav-
ing a ph;a;wy of interlocked members
‘zclapted o be supported wholly from its
ends, terminals thevefor and extended ter-
minal supports.

This speuncmaz\ signed and witnessed
this §1st day of Augju% A. D, 1(‘09

JOHN THOMSOX.

Sigmed in the presence of—

Jf Rowvins

G. MoGranr.
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