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7o all whom 1t may concern:

UNITED STATES PATENT OFFICE.

ey — = T = =

JOHN THOMSON.,

OF NEW YORK, N. Y., ASSIGNOR T0 IMBERT PROCESS COMPANY, OF

NEW YORX, N. Y., A CORPORATION OF NEW YORK,

ELECTRIC FURNACE.

120,879,

Specification of Letters Patent.

- Patented Mar. 1, 1910.

Application filed September 1, 1909. Serial No. 515,698.

- I

Be it known that I, Joux TmoMsox, a
clizen 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 1m-

provéments in resisters of electric furnaces
and to their arrangement and disposal 1n 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 1s 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 means of support be-
tween the terminals, whereby the resister

- may be entirely free from or out of contact

29

30

390

40

45

with all parts of the refractory and, in fact,
suspended 1n space within the furnace cham-
ber. | -
Another object of the invention is to pro-
vide a resister which may have its resistivity
increased or decreased i1n different zones
whereby to correspondingly change the cur-

rent densit—{; within itseif: which shall be
e

capable of being 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 1n a manner to

derive both the maximum o0f 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 mmprove-

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
more with others, and also to mterloek with
or be sustained by the terminals, in such

manner that the resister 1s in free space and
may be built either above, or below, or at,
the sides of a heatine chamber; and turther-

»a L t:} ' » 1
more, the codrdinative construction of the

furnace chamber is such that the delivery of

—X

!
t
r

y
'
.'

—_—. ==

useful effect upon the charge with the mini-

mum of dynamic loss.

Tn 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 being

indicated by the line 2—2 in Ifig. 1. Figs.
3 and 4 are transverse central sections,

55

60

left and right, respectively, the plane of the .

sections being indicated by the hne 3—4

in Figs. 1 and 2. Fig. 5 1s a transverse cen-
tral section and Fig. 6 1s a longitudinal cen-
tral section of a furnace showing modifica-
tions. Fig. 7 is a plan view and Fig. 8 1s
a vertical central section of a furnace show-
ing other modifications. IF1g. 9 is an en-
larged detail view of the resister sections
and the terminals, to better 1llustrate the ap-
plication thereof, as shown in the preceding
figures. Fig. 10 is an enlarged detaill view
of a resister applied in a modified manner,
and Fig. 11 is a diagramiatic detail indicat-

ing some of the various forms of construc-

tion of elements which may be employed to
build the resister. o

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

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 ¢* 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 oppeosing

foees 'of which are so disposed as to prevent

a staggered arrangement; of the whole; and

60
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rior of the furnace, and the resister i1s a coni-

90

95

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 be:in lines, and when a series of

the heat waves from all portions of the ex- | such plates - set between terminals, or a
- posed surfaces of the resister is realized in

terrninal ar.! a connector, having correspond-

100

105
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primaridy supported at each end

| .;--.' z_--._r. lﬁtll"
-.z.'.'.f:‘!.:"'l ' 9 )

ing flutings, as shown, and held against di«- !
placement endwise, the several parts are in- |

terlocked and the resister as 1 whole is o]t

sustaimung, 1ts weight and end-thrust being |

taken wholly by the said terminals, Ax
comparatively little end-pressure is necoes.
s2ry vo mammtain the lines of contaet along
alt of the convolutions, it will now he
barent that with such a keyed structure g
wide range of electrical contact
may be obtained and that, being independent
ot position for its support, it can be built in
arious forms and applied to many types of
firnaces.  Thus, in ies. 1 to 4, the resister
is shown suspended in clear space above the
bath: in Figs. 5 and 6 the resister is sis.
pended below the retort ¢’y while I IMigs, 7

8, the vesister is suspended within a cip.
vlar fwrnace easing, in four vertieal soc.
10ns, forming a hollow square within whiel
+erneible, as ¢f may be set. Tn this instaniec
‘e convolutions of the resister plates would
e cross-wise of the plates instend of length-
wize.  Bulb while the desceribed arrangement
ot having the register suspentded by the ter-
ivinals 1s veanrded as the preferable this is
rotoan andispensable feature and in fact
Lreve may be civenmstances where the satd
sispension nught equally well be upon the
furnnce walls direct, Phus, the refractories
oy 2T s to 6, shown in £yl hnes, which
act as the primary supports for the termi.
nals, und as secondary supports for the re.
stster, simply vequive to be extonded in.
as snown by the dotted outlines o2,

b
[
a

wardly, ;
2% Hgs vand 6, when the resister would be
t thereby:
g an this wise the terininals may be ar-
ranged {o be removed withont imterfering
with the resister.

A nas alveady been pointed out in another
appheation for Letters Patent flodl May 13,

1900, Sevial No. 495,585, “ in order to main.
L a practically constant pressure o porn the |

arbosl, winen is essentinl to the control
ol the electro-thermacy ™, the end-pressure
required to maintain the interlock of the
hited plates is produced through the mter-
ventien of suitably mounted s prings ¢?, Iios.
L, 2 and 6, actnated by adjusting serews v,
or.m the instance of f1gs. 7 and 8 by vield-
ing steel bands ¢ acting resiliently against
the brick-work., In this wise, the exact
amonnt of pressure can readily be applied
and also such an extent of re thency that the
CXpansion or contraction of.fhe resister can
take place without seusibly changing its
density.  When g compounda resister is used.
connected - series, two  serew - actuated
springs arve preferred, as shown in g, 1,
whose outer thrust is taken by the bar e
which containg the adjusting screws. In
this instance each s ing is located to im-
part its thrust through a sliding refractory
't impinging against the connector ¢ along

ap-

resistance |

| be ascertained at onee

o L

e T e e ma .,

actly nentral

0,879

the central axis of cacl seetion of {11 '
sister. Now, by placing shidable enrbon vods
¢t* capable of bemng tmpinged when desired
against the connector and a volt-meter, or me-
ters, as ¢, connected by a shunt cireuit he.
tween these rods and the main cireuit, it can
and at any time if the
rate of generation of energy 1 both sections
of the resister is the same, and 1f not the re-
sistance of the said sections can ho mide the
saie by
tension.  Without some convenient menns of
this kind the rate of generation of CRCTOV i
one section might bhe muel greater than i
the other and the endurance of {he whole
would be that of the overloaded mewber

Another advantageons feature of this
terlocking resister systeny is (hat ANy s
of & resister may eadily be siven ereater
compression than the opposite Sicde, therehy
corvespondingly inereasing the current slor, .
stity and the temperatnre. A when o
resister 1s disposed along a horizontal plane,
with just suflicient encl-pressure to make con-
tacts between the fntings, its npper portion,
due to its weight, will e undep COMPression
while its lower portion will he in Lension,
tending like an areh to separate. A ex-
CONdIon, or an excess. o
readily be effected by the simple expedient
shown in i 9, whierein the fqees of the
termmals are slightly beveled so thai whoen
the terminals approach each other HOTTZO1) -
tally, the pressure will bLe areater, or morn
mtense. wlong the lower line o, than the
upper 2. In practice the actnal amount of
the difference in spacing between the top

111~

and bottom of each plate i ordmarily very

shieht, say from .002 to 005 imeh s and may
be guged with the ntmost exactness by (he
angle given to the terminals.

It will be observed in ren 2 that the ter-
mnuils and the connector nu wider than the
matn portion of (he presistor ai that re-
sisterplates 4 are provided to connect there-
with whose widths arc approximatelv equal
to that of the said terminals o connector:
the object and advantage of {his peing 1o
obtain the largest possible avea of contnet
and thereby deliver the current, into the re-
sister with the least possible drvop in voluge
trom the line connection. |

A construction of the resister. 1s <hown
in Fig. 10 in which the mierlocked plates
are stacked at a consideruble anzle to the
horizontal, 29 degrees, as denoted in {he
drawing.  This involves the nso of . ey
section «* but in this wise the terminals may
be rigidly confined as the ey will rise or
fall to compensate for CXPAnNsIon or con-
traction. The pressure upon the resister
plates will be that due {o aravity and the
use of such a strueture is correspondingly
limited. But the electrieal clfectiveness of
be 1mpaired in that,

this form would not

proper manipulation of (he SpUrite

i 0

all |

|
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unlike an arcly, 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 1nappreciable.

Because of 1its 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 medifications thereof can be made,
whereby to meet any or all practical re-
guirements. Thus, in Iigs. 5 and 6, the
resister 1s composed of plates ¢® having V-
orooves and between the said grooves sepa-
rate tubes, as ¢* are interposed. Iere 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 mterlocking shallow square-
shaped grooved plates d® and «° 1n 2 manner
whereby six lines of pressure contact are
shown for each tube:; round rods ¢ are here
shown, substituting the tubes; balls, ¢® may
talze the place of eilther and .corrugated
plates d'°, d**, d** may be employed, of uni-
form thickness, where the combination of «'°
and ¢** will obtain line contacts. IFinally,
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 4'' and

d*? as in“these instances the area and in-

40

© 81018, .

timacy of contact would be greater than that
corresponding face dimen-

of flat plates of

Tt may be pointed out with respect to the

arrangement of parts shown in [Fig: 6 that
- this type of furnace readily lends itself to

0"

metallurgical operations where an oxidizing
atmosphere 1s required, or where the gases

ogiven off by the charge would act detri-.
mentally on the carbon resister. Thus, by’

si‘mg}ly_ closing the side spages at the top,
a3

the resister would then be effectively con-
tained 1 a chamber distinet and separate
from that of the charge. |

When a compound resister 1s employed,

in seri and arranged after the manner

~shown 1 Figs. 1, 2, 3 and 4, it is preferable

60

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

-condunctibility of the graphite, inside of the

6B

furnace, and the Jlower thermal conducti-
bility of the carbons to the exterior of the

furnace. At normal temperature the elec-

by thin plates of recrystallized silicon
carbid or the like, shown in dotted lines y,

l

“toward the bath, retort or crucible.

trical resistance of pure graphite i1s about.
four times less than amorphous carbon, for
like sections; but at high temperatures the
difference is considerably less.
difference, even at the best, is not neghgible
when thousands of amperes are to be deliv-
ered to the resister. This objection 1s
largely overcome by making the mner por-
tions of the terminals, where they are 1in 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 accomphshed

by graphitizing only that portion of the

terminals which are to lie inside of the fur-
nace, or by suttably jointing two blocks, one
of graphite and the other of carvon.

It will be perceived that if the register
plates are under an equal degree of contact
between their various hines of 1mpinge-
ment—a condition which the construction
already described can readily obtamn and 1n-
definitely continue—that all parts of its sur-
face will similarly radiate heat; and also
that the longitudinul spaces along the lime-
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 1s the
complementary feature of the design, and
consists in forming the mmner walls of the
heating chamber so as to present a surface
of incidence which shall be less or more than
a 1right angle to the emitted heat of the re-

| sister, thus rendering the incipient energy
Jess effective. to 1mpart heat to the furnace

i1 and more effective to increase the tein-
perature of the charge. Therefore, 1n Ifigs.
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 re-
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 surrounding and overtoppimg
walls are appropriately curved to deflect the
direet heat waves received from. the various
surfaces of the resister and cause them. to
continue their movement, although with less-
ened intensity,  downwardly or upwardly
And
the consequence of this construction, which
is entirely feasible to realize In practice, 1s

a2, material increase in thermal efliciency and

cndurance of the refractories, |

From the foregoing, it will be understood
how the invention may be embodied 1 va-
rious types of furnaces. In the several con-
structions illustrated herein, the same refer-
ence letters have been used to refer to cor-
responding parts, so that a detailed deseriy)-
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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£,

restster has been shown in compound form
Wit Hs sections connected Up 1 series. I
stch instances, the connector-piece between
Any two sections is, mechanically considered
at least, the equivalent of a terminal and
should be so wnderstood in reading the
claims. B -. |

It only remains to be stated that the inter-
locking plate resister may be used. retaining
many of the advantages that have Dheen
pointed out in the foregoing, by being SUuP-
ported along its sides, either continuously or
ab one or more loeations, or at one or hoth
sides.  Tor instance, such an arrangement,
would be the preferable when very light
hine-contacts ave desirable.

I'elann as my invention:

L.\ resister for an electric furnace comn.

e R e ——r— e R . e - o

T TR ok T e mas . e

prising a plurahity of iterlocking resistance

clements.

2. sdovesister Tor an electrie furnace com.
prising a plarality of mierlocking vesistance
Dlates.
prising a plurality of

4.\ resister for an electrie furnace CON-
prising a plurality of mterlocking earbon
blates. |

Do\ resister for an electric furnace com.
prising a plarality of grooved plates ar-
ranged to mterlock with each other.

resister for an clectrie THITACE COjl-
fluted plates

00 An electric furnace having a resister

COMPYISING a
i a direct line between tha termials and
supported entirely free of the reiractory,

7. In an ¢lectric furnace, m combination
with the terminals, a resister having a plu-
rality of -elements suspended from aind 10 .4
direct line between the terminals and self
sustaining so as not to require any extra-

neous means of support other than the {op. |

mimals,

3. An electric furnace having o resis{er
composed of separable interlocking resist-
ance plates arranged transversely thereot.

4. An electric furnace having a resisier
composed of separable grooved plates ar-
ranged transversely thereot, the said resistor
being supported wholly from its ends.

10, An eleetriec furnace having a resister
comprising a plurality of iterfocking re-

sistance elements and terminals at each ond

thereof acting to maintain the mterlocking
of and thereby to support the elements. |

I1. An electric furnsee having a resister
comprising a plarality of mterlocking re-
sistance plates mounted face to faee 1) ¢l¢
means to support the resister by maintain-
ng a thrust lengthwise of the sae.

12. An electric furnace having a resister
comprising a plurality of orooved plates
mounted face to face and terminals at each
cnd of the resister adapted to exert 1 thrust
to keep the plates interlocked with each
other,

a plurality of elements d1sposoed

composed of separable resistance

~erther uniferm pregsure or an exeess of

e e T T — e - e e - —_—- =
1

350,875

I3 An electric furnace having a vesister

lerlocked between themselves and the ter-
minals, |

14 An electric furnace having a  com-
pound resister adapted to be conneeiod in
parallel or in series and composed of SeD-
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, |
L7 In an electric furnace, a resister com-
posed of erooved plates, assembled In siap-
cered relation and held tooether by the ter-
miinals, |

LS. in an electric furnace, a resisier ~om-
posed of grooved plates, and means disposed
i the grooves to inferiock the suid Dintes,
all being held together oy the ‘erminals,

L9, In an electric furnuce, o plurality «
interfocking vesistance elements, and {cp-
minals having their faces adapted {n engaps
and 1nterlock with the resister, |

20. In an electric furnace, a compound
resister consisting of interlocking earbon
elements, terminals, and 2 connerise. enicl
terminals and connector heving their facess
wdapted to eugage and inferlock with the
resister., | | .

21. It an electric furnace, o piurality of
interfocking resistance elements const} utlng
the resister, and terminals whoze faces ars
wider than the main portion of ¢
sister, - |
22, In an electric furnacs, an interiocking
resister and terminals by and between which
the resister is arranged to be seif-sustaining
in a direct line, the said termingls naving
the planes of their faces disposed to tmmart
DTeE-
sure at one or the other sides of the neutpai
axis of said resister, o

23. An eleetric furnace havinge a resisier

DArts in-

—
N
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105

composed of interlocking parts, terminals -

therefor and rvesilient or reactive means to
clamp the terminals. |

2b. An electric furnace having a resister
composed of interlocking parts mounted in
@ plurality of sections between elecivieal
conuections, the end pressure on each sec-
tion being separately adjustable.

25. An electric furnace having an inter-
locking resister mounted in 2 plurality of
sections between terminals, and a movable

electrode or electrodes for connecting eacly
of sald sections in a shunt cireuit whereby to
separately measure its resistivity und
tual working conditions.

26. An electric furnace having a resister
mounted therein the inner surface or sur.
taces of the furnace being 1rrvegularly curved

T ac-
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or sloped so that the
inerefrom.-snall be
sngle to the line
crmtted heat waves. |

27. An ﬁiecwwe :.:um e Eﬁ'ﬂg a resister
mounted theremn te heat .Jhe charge or
container h;. dli‘“(‘,i} rgdiation frem a portion
thereot, M nner surface or ¢

fna LE hey 'ig formed with irreg:
n

angle of refraction
less or more than a right
of 1mpingement of the

to refruet the radiated heat fi om the m’her
_pﬂan...@ s 6f the vesister in dl?“‘{;tl{} g dif-
fereni from that of the Lines of imnact. '

28, An electiic fuz nace having a resister |
composed of a pinrvality of self-: -supporting
slements, and terminals between which the
siements ave confined, one of the terminals
aeing Fresly slidable to vary the distance
between both ferminals

Aving a resister
compesea of a plnevaiity of gr 00V ed plates,

terminals between which the plates :am, Con -
lined, & shiding ?Eﬁzl‘;‘miﬂf‘}'? bearing against
chie termina:, and means to adiust 1hﬁ Te-
fractory for fbe purpose sob forth

50, A elecinic i’E}:ﬁi}_i{j@ having o resister
comeprising o plurality of *—ﬁif.em@mﬁ disposed
ceiween the terminals and suppo, ted en-

| with the terminals, a 1‘@%1%91 compr
its |

suriaces of the |
niar curves |

tmhf free of the refr: actory, and vielding
means to retain one of the m**nna als.

8l. In an electric furnace, in combination
SINg a
piu ﬂhty Cﬂ? ohmentg disposed between ihe
terminais and supported wholly thereby,and
MEANs to pefmli one .f the terminals to have

. limited range of movement to compensate

f@r the expansion and contraction of Lhe re-

sister elements c‘ne to thermal chang:
3%. An electriec furnace having tm*mmﬁi

pf}wi extending wider the resister.

33, An eleciric furnace lmvné rerrac-
'i:{mes to support the 1.erm111,,_|_u., _ 1d ro-
sm(ﬁ'(me being extendec uﬂdwumth the

ends of the resister to ;-.:.L‘;‘mmrt; e same.

34. In ;11’1 electric furnace a resister hay-
ing g p];u allty of interlocked members
ftdapted te be supported wholly from ifs
ends, terminals Himefer and extended ter-
m}rai supports.

This apaunmhw signed and witnessed

tnis 31st day of Augus L, AL D, 1909,
JOHN THOMBON,
wigmed 1n the presence of--
f HOLLINS,

(. MoGn @IF.
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