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To all whom it may concern: 
Be it known that I, JoHN THOMSON, a 

ciizen 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 hereof. 
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 means of support be 
tween the terminals, whereby the resister 
with all parts of the refractory and, in fact, 
spended in space within the furnace cham 
6. 

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 e 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 

derive both the maximum of temperature 
ind the highest rate of delivery, or volume, 
if 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 
alore 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 coördinative 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 

sections bein 

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 being 
indicated by the line 2-2 in Fig. 1. Figs. 
3 and 4 are transverse central sections, 
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left and right, respectively, the plane of the 
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 furnace showing modifica 
tions. Fig. 7 is a plan view and Fig. S is 
a vertical central 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 thereof, 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 connec 
tion with the particular type of furnace 
shown in these figures. Here, the main 
body a of the furnace is provided with a re 
movable cover b containing an opening at for 
charging or for visually inspecting the inte 
rior of the furnace, and the resister is a conn 
pound one having two sections D and D', 
which are connected up in series, confined 
between the terminals e and e' 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 
fuees 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 be in lines, and when a series of 
such plates it is set between terminals, or a 
terminal ar, a connector, having correspond 
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ing flutings, as shown, and held against dis 
placement end Wise, the several parts are ill 
terlocked and the resister as a whole is self 
sustaining, its weight and end-thrust being 
taken wholly by the said terminals. As 
comparatively little end-pressure is neces 
sary to maintain the lines of contact along 
all of the convolutions, it will now be ap 
parent that with such a keyed structure a 
wide l'ange of electrical contact resistance 
may be obtained and that, being independent 
of position for its support, it can be built in 
various forms and applied to many types of 
fliraces. Thus, in Ifigs. 1 to 4, the resister 
is shown suspended in clear space a love the 
isiti; in figs. 5 and 6 the resiste' is sus 

liked he low the retort, (i, while in ifigs. T 
and 8, the resister is suspended within a cir 

iful race casing, in four vertical Sec 
tions, forning a hollow square within which 
: . citicible, as 6", may be set. In this instal ice 
Fine convoitions of the resister plates would 
le ross-sise of the plates instead of length 

s: . But while the tescribed arrangement 
of having the resister suspended by the ter. 
inlais is regarded as the preferable this is 
is o! : h if: (lisensable featurie and in 
tiere may be circumstances where the said 
sis; 3) ision i) light e?tally well be upon the 
ful' at: walls direct. Thus, the refractories 
, , Figs. to 6, shown in fill lines, which 

act as the linary Supports for the termi 
als. - and as secondary supports for the 'e- 

siste', simply 'equire to be extended ill 
wai'dly, as shown by the clotted outlines '. 
ls. Figs : and {3, when the resister would be plinarily supported at each end tlhereby: 
and in this wise the tei"ininals lay be ar 
ranged to be removed without interfering 
with the resister. 
As has a ready been pointed out in another 

application for Letter's Patent filed May 13, 
1963). Serial No. 495,585, “in order to main. 
tain it. 'actically constant pressure upon the 
:: boil. . . which is essential to the control 
of the electro-thermacy, the end-pressure 
required to maintain the interlock of the 
it ited plates is produced through the inter 
vention of suitably mounted springs of ligs. 
i, 2 and 6, actuated by adjusting screws e. 
or in the instance of Figs. 7 and 8 by yield 
ing steel bands e” acting resiliently against 
the brick-work. In this wise, the exact anoint of pressure can readily be applied 
and also such an extent of resiliency that the 
expansioi () contraction of. the resister can 
take place without sensibly changing its 
(lensity. When a compound resister is used. 
connected in series, two screw - actuated 
slings are referred, as shown in Fig. 1, 
whose outer thrust is taken by the bar et 
which contains the adjusting screws. In 
this instance each spying is located to im 
part its thrust through a sliding refractory 
e' impinging against the connector e” along 
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the central axis of each section of the re 
siste'. Now, by placing slilable (; it it "ols 
e' capable of being inupinged when desired 
against the connector and a volt-meter, or e 
ters, as c', connected by a shunt circuit loe 
tween these rods and the main circuit, it cal) 
be ascertained at once and at any time if the 
'ate of generation of energy in both sections 
of the resister is the same, and if not the re 
sistance of the said sections can be a cle the 
saline by proper nanitiation of the slitig 
tension. Without soline convenient he: )s of 
this kind the late of generation of energy ill 
one section night be intich gi'e: te' than in 
the other and the end 'aice of the whole 
would be that of the overloade( i.e. '. 

All other advantageous fe: ire of this ill 
terlocking resiste' system is that ally sicle 
of a resister may readily a give g’ it ('' 
(*) impression than the opposite sile, erely 
coi'i'espondingly increasing the 'ir 'ent tet: - 
sity and the temperati re. Again, wher) ; 
l'esister is disposed along a horizontai late, 
with just stificient encl-pressile t ( a ke ("on 
tacts between the fittings, its per portion, 
due to its weight, will be unter compression 
while its lower portion will le in tension, 
tending like an arch to separate. \ } e N 
actly neutral condition, or an excess, "a 
readily be effected by the simple (N) eclieni 
shown in Fig. 9, wherein the faces of the 
terminals are slightly be veled so that svei 
the terminals approach each other hirizo 
tally, the pressure will be greater, or lo'i 
intense, along the lower line of than the 
uppel' in Di'actice the actual (lit () 
the difference in spacing between the to 
and bott () of each plate is ordinarily Very 
slight, say from .002 to .005 inch : and 1:y 
he gaged with the it most exactness by the 
angle given to the terminals. 

It will be observed in Fig. 2 that the ter. 
millials and the connect ()' are wider that the 
main portion of the resiste' and that re 
sisterplates (l' al'e provided to connect the re 
with whose widths are approximately e?tal 
to that of the said to "inia is a nil ( ) in ector : 
the object and advantage of this being to 
(l)tain the largest possible area of contact 
and thereby deliver the current into the re 
sister with the least possible trop in voltage 
from the line connection. 
A construction of the resister, is slow in 

in Fig. i0 in which the interlocket plates 
are stacked at a considerable angle to the 
horizontal, 22 degrees, as cleoted in the 
drawing. This involves the use of a key 
section (d. but in this wise the tertainals inlay 
be rigidly confined as the key will rise or 
fall to compensate for expansion or 'on 
traction. The presstre upon the resister 
plates will be that due to gravity and the 
use of such a structure is correspondingly 
limited. But the electrical effective less of 
this form would not be impaired in that, 
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unlike an arch, 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 d 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 
5antage 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 d and d in a manner 
whereby six lines of pressure contact are 
shown for each tube; round rods d are here 
shown, substituting the tubes; balls, d may 
take the place of either and . corrugated 
plates d', d', d' may be enployed, of uni 
form thickness, where the combination of d" 
and d 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 
sions. .. 

It may be pointed out with respect to the 
arrangement of parts shown in Fig. 6 that 
this type of furnace readily lends itself to 
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metallurgical operations where. an oxidizing 
atmosphere is required, or where the gases 
given off by the charge would act detri-, 
mentally on the carbon resister. Thus, by 
simply closing the side spaces at the top, 
as by thin plates of recrystallized silicon 
carbid or the like, shown in dotted lines ty, 
the resister would then be effectively con 
tained in a chamber distinct and separate 
from that of the charge. 
When a compound resister is employed, 

1. S 

shown i Figs. 1, 2, 3 and 4, it is preferable 
and arranged after the manner 

to use a connector made of Acheson graph 
ite; but the leading-out terminals are pref 
erably Clf amorphous carbon. The advan 
tage is in the higher electrical and thermal 
conductibility of the graphite, inside of the 
furnace, and the lower thermal conducti 
bility of the carbons to the exterior of the 
furnace. At normal temperature the elec 

toward the bath, retort or crucible. 

trical resistance of pure graphite is about. 
four times less than amorphous carbor, fol' 
like sections; but at high temperatures the 
difference is considerably ess. 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 por 
tions of the terminals, where they are in con 
tact with the resister, as from 7 to S, of 
graphite, and the outer portions, as from 
stop, 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 ill 
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 
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effective egress for the heat from every por 
tion of the incandescent mass. To realize 
the utmost efficiency of this condition is the 
complementary feature of the design, and 
consists in forming the inner walls of the 
heating channber 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 energy 
less effective to impart heat to the furnace 

ll and more effective to increase the ten 
perature of the charge. Therefore, in Figs. 
2, 3, 4, 5, 6 and 8, where the arrows (r. ini 
cate heat waves radiating directly from the 
resister and the arrows. 2 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 overtopping 
walls are appropriately curved to deflect the 
direct heatwaves received from the various 
surfaces of the resister and cause then 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, is 
a material increase in thermal efficiency and 
endurance of the refractories. 
From the foregoing, it will be understood 

low the invention may be embodied in va 
rious types of furnaces. In the several coin 
structions illustrated herein, the same refer 
ence letters have been used to refer to co 
responding parts, so that a detailed descrij. 
tion in the case of each of the furnaces spe 
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cifically alluded to has been unnecessary. 
Moreover, it may be noted here that in all 
of the illustrations of the present case, the St. 
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l'esist ei' as been slow in in compound foil) 
With its sections collected up in series. li. 
stich instalces, the connector-piece between 
any two sections is, mechanically considered 
at least, the equivalent of a terminal and 
should be so understood in reading the claims. 

lt only remains to be stated that the inter 
locking plate resister may be used, retaining 
any of the advantages that have been 

pointed out in the foregoing, by being sup 
orted along its sides, either continuously or 

at one or more locations, or at one or both 
siles. For instance, such an arrangement 
would be the preferable when very light 
line-contacts are desirable. 

claim as my invention: 
1. \ l'esister for an electric frnace con 
rising a plurality of interlocking resistance 

elenents. s 
2. \ resiste' fol' an electric ful race coin 

rising a plurality of interlocking 'esistance 
lates. 
3. A 'esister for all electric furnace coil 
rising a plurality of fluted plates. 
4. .\ 'esister for an electric faint' ( ) - 
rising a plit 'ality ()f interlocking call) on 
lates. 

5. A l'esisie' for an electric furnace ("on 
prising a plurality of grooved plates ar 
ranged to interlock with each other. 

3. An electric furnace having a resister comprising a plurality of elements disposed 
in a direct line between the terminals and supported entirely free of the refractory. 

7. In an electric furnace, in combination 
with the terminals, a resister having a plu 
laity of elements suspended from and in a 
direct line between the terminals and self 
sustaining so as not to require any extra 
teous means of support other than the ter. inlinals. 

S. An electric furnace having a resister composed of separable interlocking resist 
ance plates arranged transversely thereof. 

-9. An electric furnace having a resister 
composed of separable grooved plates a 1'- 
ranged transversey the 'eof, 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 termine?s at each end 
thereof acting to maintain the interlocking 
of and thereby to support the elements. 

11. An electric furnace having a resister 
comprising a plurality of interlocking re 
sistance plates mounted face to face and 
means to support the resister by maintain 
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. 

950, 

| resister consisting 

i interlocking resistance elements: 

379 

13. An electric furnace having a 1'esisier 
conposed of sepal'able resistance parts in 
terlocked between themselves and the tier 
minals. 

14. An electric furnace having a coin 
pound resister adapted to be connected it. 
parallel or in series and composed 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 cont 
posed of grooved plates held together by 
the termials. 

17. In an electric furnace, a resister coin posed of grooved plates, assembled in stag 
gered relation and held together by the ter. 
minals. 

1S. in an electric frnace, a resister 
posed of grooved plifies, and in eans i 
in the grooves to interlock in e Si:it: 
all being held together by the fernainals. 

19. In an electric furnace, a plurality of 
interlocking resistance elements, and ('i' 
hina is having their faces adapted t engag3 
and interlock with the resister. 

20. In an electric furnace, a coin pound 
carbon of interlocking 

elements, terminals, and a connai), 
terminals and connector having it. 
adapted to engage and interlock with the 
l'esister'. 

21. In an eiectric furnace. f. railt. 
constituting 

the resister, and terminals whose faces are 
wider than the main portion of the said '3- sister. 

22. In an electric furlaise, an i 
resister and teiiniinals hy at yet, 72en yhich 
the resister is arranged to be self-sustaining 
in a direct line, the said terminals having 
the planes of their faces disposed to impart 
either uniform pressure of all excess of Fe3 
sure at one or the other sides cf the incut 'ai 
axis of said resister. 

23. An electric furnace having a resister 
composed of interlocking parts, terminals 
there for and resilient or reactive ineans to clamp the terminals. 

24. An electric furnace having a resister 
composed of interlocking parts motinted in 
a plurality of sections between electrical 
connections, the end pressure on each Sec tion 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 

interlocking 

of said sections in a shunt circuit whereby to 
separately measure its resistivity inder ac tual working conditions. 

26. An electric furnace having a resister 
mounted therein the inner surface or sur 
faces of the furnace being irregularly curved 

lity 
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or sloped so that the angle of refraction 
therefrom shall be less or more than a right 
angle to the lirie of inpingement of the 
(mitted heat waves. 

27. An electric furnace having a resister 
in ounted therein to heat the charge or its 
container by disect radiation from a portion 
thereof, the inner striace or surfaces of tile 
furnace being formed with irregular curves 
to refrict the radiated ineat from tine other 
portions of the 'esister in directions dif 
ferent from that of ii.18 iines of impact. 

28. An electic furnace having a resister 
composed of a piturality of self-supporting 
eia 
eieinents are confined, one of the terminals 
eing freely slidaisie to vary the distance 
between both terminais. 

29. An eiec{3ic furnace having a resister 
composed of a phili:iiity of grooved lates, 
terzhinas between 7hich the plates are con 
ised, a siding refractory bearing against 

inninai, and means to adjust the re 
oy or tie tarose set fortin. 

electic race 3 wing 3, resister 
23:r prising a lirality of elements disposed 
sween the oraisaais and suppeted en 

sients, and terminals between which the 

g3 

tirely free of the refractory, and yielding 
means to retain one of the teaminals. 

31. In an electric furnace, in combinationi 
with the terminals, a resister comprising a 
plurality of elements disposed between the 
terminals and supported wholly thereby, and 
means to permit, one if the terminals to have 
a limited range of movement to compensate 
for the expansion and contraction of the re 
sister elements due to thermal chang', 

32. An electric furnace having terminal supports extending unider the resister. 
33. An electric furnace having refrac 

tories to support the terminals, said re 
fractories being extended underneath the 
ends of tine resister to Slipport tie Saii) e. 

34. In an electric furnace a resister hay 
ing a plurality of interlocked members and . 
adapted to be supported wholly from its 
ends, terminals therefor and extended ter minal supports. 
This secification signed and witnessed 

this 31st day of August, A. B., 1909. 
JOHN THORSON. 

Signed in the presence of - 
M. RoLLINs, (G. EycG:ANN. 
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