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To all thon it inctly concert: 
IBe it known that I, FRAN R. CREELY AN, a 

citizen of the United States, residing in the 
borough of Manhattan, city, county, and 
State of New York, have invented certain 
new and useful Improvements in Appara 

ferred to are of special value in connection 

with a particular style of furnace wherein 
the entire material passes through an open- 55 
ing in which is maintained the zone of fu 
sion, and from which the fused material runs 
into a receptacle beneath. 

alious other improvements are referred 
tus for Electric Smelting, of which the fol- to hereinafter. 60 
lowing is a specification. The accompanying drawings illustrate 

: My invention aims to provide certain im- certain embodiments of the invention. t 
10 provements especially applicable to electric Figure 1 is a longitudinal section through 

furnaces for the manufacture of calcium a furnace showing in side elevation a regg 
carbid or similar products. lator controlling the rate of operation of the 65 
An important feature of the invention is furnace: Fig. 2 is a plan of the regulator; 

the supplying of a current of constant am- Fig. 3 is a view of a part of the regulator 
15 perage to the furnace, so that under sudden similar to Fig. 1, but showing the parts in a 

, reductions in the internal resistance of the different position; Fig. 4 is a section of the 
furnace, there can be no dangerous rise in furnace at right angles to that shown in 70 
the quantity of current supplied; and the Fig. 1: Fig. 5 is a view similar to Fig. 1, 
controlling of the operation of the furnace showing the invention applied to an ordi 

20 by means of variations in voltage. The op- nary pot furnace, and showing a slightly 
eration of the furnace is controlled by a different style of regulator; Fig. 6 is a dia 
regulator of any suitable sort which either grammatic view partly in section showing a 75 
moves the zone of fusion, or moves the ma- hydraulic regulator applicable to either 
terial so as to gradually reduce all or a de- style of furnace; Fig. 7 is a diagrammatic 

25 sired part of the material. The application view of the electrical elements and connec 
of a constant current, maintained constant tions for a group of three furnaces; Fig. 8 is 
by means outside of the furnace, is of special a diagrammatic view of a transformer adapt- 80, 
usefulness in connection with a regulator ed for use as a part of my invention. 
for automatically controlling the operation Referring to the embodiments illustrated, 

30 of the furnace. Trifling variations in the A represents as a whole an electric furnace, 
E. of movement of the electrode or of the which according to my broad invention may 
material, which might produce a temporary be of any suitable construction, the current 85 
reduction of the internal resistance, serve to which is brought through leads B B' from 
only to lessen the electrical energy which a constant current transformer C. The 

35 the furnace calls for. Preferably under wires running from the transformer to the 
normal conditions the voltage is maintained line are indicated at DD’. The specific con 
near the maximum. Variations which in- struction of the transformer constitutes no 90 
crease the resistance have no effect other part of this invention. Any suitable appa 
than to induce momentarily a lesser supply ratus may be used. In fact a constant cur- . 

40 of current than the normal, the departure rent regulator which does not transform the 
from normal conditions being promptly rec- voltage may be used, the desired voltage be 
tified by the regulator, Preferably the regu- ing supplied directly by the generator, or 95 
lator is controlled directly by the means being insured by a separate intermediate 
for maintaining a constant current, such for transformer. A moving part E of the trans 

45 example as a constant current transformer. former C controls the operation of a regul 
Such a constant current transformer would lator which I designate as a whole by the 
then serve the three purposes of reducing letter F, and which like the furnace and the 100 
the voltage below that of the line, main. current regulator m be of any suitable 
taining the volume of current constant, and construction, three different types being 

50 governing the regulator which controls the shown. 
rate of operation of the furnace. Referring now especially to Figs. 1 and 4, 
The electrical system and mechanism re- a furnace is illustrated having at its lower 105 

end an opening through which the material 
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tially or approximately through the same to y p y g 

2 

passes, the material emerging in a fused 
state by the extension of the zone of fusii) 
to a sufficient depth in the opening. Prefer 
ably the Zone of fusion is maintained in the 
desired lipation, by making the opening 
through offie of the electrodes G, and by ill 
troducing the opposite electrode in the form 
of a pencil Hinto the opening, and Substan 

the discharge end thereof. The zone of fu 
sion extends throughout the cross-section of 
the opening, thus insuring the fusion and 
rediction of all the material which passes 
through the furnace. The electrodes may 
be adjust able to compensate for the burning 
or wearing off of their ends. They are pref 
rably fixed in operation. The walls of the 

furiace, the inlet for material, and the out 
let for the gases generated, may be of the 
ordinary form shown or of any other suit 
able form. Such a furnace eliminates two 
serious defects of the furnaces now ordina 
lily used for the manufacture of calcium car 
bid. In the old type of furnaces, the fused 
or reduced material is formed with a sur 
rounding hard crust of only partially re 
duced in laterial, which is surrounded in turn 
by a certain almount of practically unaltered 
material. The crust is not only practically 
Yorthless as carbid, but its removal from the 
inclosed pig of pure carbid is a cause of 
great expense, and climp heaps of it are of 
objectionable odor. The old in reduced ina 
terial is generally re-used, but the extra 
handling of it, especially in the red hot con lition in which it is tiken ontf the fiti. 
nace, is a natter of great difficulty and ex 
pense. The plesent furnace by reducing 
through it, saves a very large part of the ex 
pense of manufacture of calcium carbid and 
similar pi'oducts. 
The finished product is carried away by a 

conveyer consisting preferably of a horizon 
tal (or it may be sloping) line of Separate 
trough-sections J which receive the fused 
material, and in which the material solidifies 
into a pig or pigs of suitable shape. This 
horizontal collweyer constitutes practically a 
part of the furiai'e. Serving to hold up the 
pool of fused laterial, and Serving by its 
rate of novellent to determine the rate of 
passage of the laterial through the Zone of 
fusion. These trough-sections travel on a 
series of stationary rollers K, or on any other 
suitable guide, and the line is maintained by 
introducing a new section at the starting 
end at proper intervals. A plate depends 
from one side of the furiace, filling the in 
ternal space of the trough and substantially 
preventing access of air and burning away 
of electrodes, and also preventing escape of 
material or gases, at this end, The plate L 
may be removable or may have a window 
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therein, for permitting inspection of the con 
(litions within the furnace. The other end 
of the trough is closed by means of the solid 
pig M of the product. The sections J may 
be of iron lined with slabs N of carbon or 
other suitable material to withstand the ac 
tion of the great heat, and may overlap each 
other at the ends as shown in Fig. 1, or 
otherwise make a close joint and prevent 
the escape of any material. The trough is 
pushed gradually forward from the real' 
end in the direction of the arrow, the pig 
being broken and taken out of each section 
after it has passed through the furnace, and 
a new section being added at the real' end of 
the line :us often as the line advances the 
le)gth of ole section. The regulator, there 
fore, in order to determine the rate of oper 
ation of this furnace, acts upon the line of 
trough-sectious J. 

In Figs, 1, 2 and 3, I have shown a regul 
lator the principles of which are well known, 
especially inodified to adapt it to the moving 
of the line of trough-sections J. A con 
tinuously driven shafo carries an eccentric 
which reciprocates a link P and oscillates a 
frame Q carrying pawls R R at opposite 
ends. These pawls by the engagement of 
one or the other with a toothed wheel S, l'o- 
tate the wheel in one or the other direction, 
and through the intermediation of bevel 
gears T and U rotate a worm-shaft V, the 
motion of which is transmitted in turn to a 
pinion W, which reciprocates a pusher N 
having at its end a cross arm Y which bears 
against the rearmost of the sections J. The 
pawl R which effects a gradual withdrawal 
of the pusher N may be oritted with the 
style of furnace here shown, the withdrawal 
of the pusher being effected quickly by liff 
ing the real end of the pusher N in the man 
ner illustrated in Fig. 3 until its teeth are 
freed from those of the pinion W, when it 
may be quickly drawn backward its full 
length and a new section introduced be 
tween the last section of the line and the 
cross bar"Y at the end of the pusher. The 
pusher will then be dropped again to coile 
into engagement with the pinion W, and the 
pusher N will be quickly advanced by means 
of a hand wheel Z on the shaft W to bring 
the new section to bear hard up against the 
last previous section. The automatic opera 
tion then continues. For permitting the cle 
scribed movement of the pusher N, it may 
be mounted in a frame ( pivoted at l. The 
automatic regulation of the feed is effected 
by means of a shield e loosely mounted on 
the shaft (d and provided with an arm e 
which is connected". a link f to the usual 
Weighted arm E. or other movable member 
of the transformer or of any other suitable 
constant current regulator. As the arm E 
moves down in accordance with the falling 
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resistance due to the accumulation of fused 
material, the shield ( swings to the right, 
uncovering the pawl R', which gradually 
pushes the sections forward until normal 
conditions are established and the arm E. 
returns to its normal position. There will 
ordinarily be no occasion for retarding the 
rate of operation of the furnace, but this 
may be accomplished if desired by connect 
ing the sections J to each other, and by con 
necting the bar X to the rear section. Upon 
the operation becoming too rapid, the pawl 
R will then come into action by the appro 
priate movement of the shield (, and the 
trough will be drawn backward. 
The furnace of Fig. 5 is an ordinary pot 

or crucible furnace in which the operation 
proceeds by the gradual lifting of the upper 
electrode 7 as the fused product in the center 
of the mass of material rises. The raising 
and lowering of the electrode (f is accom 
plished by means of a chain h passing 
around a sprocket, wheel i and carrying at 
its end a counterweight k. The drumi is 
turned in one direction or the other by 
means of a worm shaft V driven as in Fig. 1 
by means of a continuously rotating shaft. O, 
link P, oscillating frame Q, pawls R R', 
toothed wheel S. and bevel gears T and U. 
The pawls may be controlled mechanically, 
as in Fig. 1 or they may be controlled by 
means of magnets l controlled in turn by a 
double snap-switch m, the operating arm n. 
of which is moved by means of a slide o 
connected to the arm E of the transformer 
or current regulator C. The furnace regu 
lator here described could obviously be ap 
plied as well to the furnace of Fig. 1 as to 
that of Fig. 5. - - 
A hydraulic governor is illustrated in 

Fig.6 in a form especially applicable to the 
feeding movement of the furnace of Fig. 1. 
The pusher X is in the form of a ram or 
plunger working in a cylinder p and having 
a head y. The annular space in front of the 
head is constantly connected to the pressure 
supply by means of a pipe r, and this pipe 
has a branch is through which water may be 
supplied to the opposite or back end of the 
piston head q to force the ram forward by 
reason of the difference in total pressure on 
the two sides of the head, due to the differ 
ence in area. The controlling of the for 
ward movement is effected by a needle valve 
t carrying at its end a pinion u engaging a 
rack connected to the movable member E 
of the current regulator. Between the valve 
t and the cylinder p a three-way cock u is 
interposed which connects the needle valve 
with the cylinder during the gradual for 
ward movement of the pusher, and which 
connects the rear end of the cylinder with 
the waste pipe a to permit a quick return of 

annular space in front of the piston, when 
a new section of the conveyer is to be added. 
A valve y is provided in a by-pass 2 for 
moving the pusher quickly forward to take 
up the slack necessarily provided in the 
introduction of a new section. 
The arrangement of the circuits by which 

the constant current is obtained is capable 
of considerable variation. A suitable and 
preferred arrangement is shown in Fig. 7, 
in which three furnaces represented at A 
receive electrical energy from main wires 
a l', which in turn are supplied from an 
alternating current generator ('. The fur 
nace typified at A may be supposed to repre 
sent the furnace of Fig. 1, having the cen 
tral carbon pencil H and the lower carbon 
G. Or it may be an ordinary pot or crucible 
furnace, or any other suitable type of fur 
nace. For each furnace A is provided a 
separate transformer C, the primary coil of 
which is connected with the wires D D'. 
which are connected in multiple with the 
main circuit leads a b. The secondary coil 
of the transformer is connected with the 
wires B B' constituting the local circuit for 
each furnace. A constant current for each 
single furnace may of course be obtained 
directly from a suitably wound dynamo: 
but assuming that the dynamo shown main 
tains a normal constant potential or electro 
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motive force upon the main wires, then the 
transformer C is of a type adapted to main 
tain a constant current in the circuit B 13' 
of its secondary coil, and which leads to the 
furnace. In fact in place of the single ele 
ment C which both transforms the voltage 
and maintains a constant current, I may 
substitute a transformer which does, not 
maintain a constant current, and add also 
a current regulator of any suitable type 
which shall maintain the desired constant 
current. A suitable type of constant cur 
rent transformer is shown in Fig. 8 diágram 
matically. The secondary coils d' are fixed 
at opposite ends of the core which carries 
the magnetic circuit, while the primary coils 
e' are made movable along the core and are 
counterbalanced by a series of levers, of 
which only one is shown at f', the projecting 
end E of which is utilized in governing the 
regulator as hereinbefore described. An in 
crease in the current passing through the 
fixed secondary coils, causes the adjacent 
movable primary coils to recede therefrom 
and thereby diminishes the induction in such 
proportion as to maintain a constant cur 
rent. Whenever from any cause the resist 
ance in its furnace falls, the transformer by proportionally reducing the voltage in the 
circuit of its secondary coil, maintains the 
current constant and prevents any rise or 
rush of current as would otherwise occur. 

the pusher by means of the pressure in the Thus instead of a dangerous rise of current 
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littler such circumstances. We have a harn 
less fill of voltage. The arrangemeilt of 
the circuits slit win in Fig. 7 is especially ad 
Vantageous in rendering the several fur 
naces which take their power from a coil 
stant Source independent of each other. 
Each transformer becomes in fact a source 
of current for its own furnace. Supplying a 
current of substantially uniform volune in 
dependently of variations in the internal 
conditions or the current demands of the 
other furnaces. 

In previous ingot furnaces the lime and 
carbon had to be very finely ground So that 
the molten lime should not percolate too 
freely into the material outside of the Zone 
of fusion and thus form a pig of irregular 
quality and with a thick crust. With my 
improved apparatus in which all the mate 
rial passes through the Zone of fusion and 
is reduced therein, the former expense for 
fine grinding is not necessary. Also in pre 
vious ingot furnaces it has been foundim 
practicable to use linestone, the crust 
formed in such a case being very hard as 
compared with that obtained by the use of 
lime. With my improved apparatus pro 
ducing a crustless pig, limestone hay be 
substituted for line with a considerable sav 
ing in expense. 
A sufficiently constant amperage for prac 

tical purposes may be obtained by other ar. 
rangements than that shown. For example 
a plant of several frnaces may be supplied 
frolin a constant potential generator, and 
ordinary transformers arranged .ith their 
several primary coils in seric . . the main 
circuit and their secondary oils connected 
one to each of the furnaces. A short circuit 
in one such furnace would not short-circuit 
the system and the abnormal quantity of 
current would be in inverse ratio to the 
numler of furnaces. Therefore with any 
considerable number of furnaces the dis 
tiriyance of normal conditions would be 
slight. The regulation for each furnace 
could be accomplished separately by a volt 
Jeter, or, automatically by a coil connected 
between the ful 'liace terminals. 
What I claim is:- 
1. In an electric furnace, in combination, 

a pair of stationary electrodes arranged to 
permit the passage of the material between 
then fro: above, with an outlet opening 
directly beneath then) and a transversely 
imovable receptacle for the molten product 
arranged close belleath said electrodes, and 
beneath said opening, whereby the product 
in Said receptacle serves to support the ma 
terial undergoing reduction in said opening. 

2. Jin an electric furnace in combination, 
a pair of stationary electrodes arranged to 
permit the passage of the material between 
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lirectly beneath then, and a receptacle for 
the jolte imaterial comprising a series of 
(()) veyer sections adapted to pass succes 
sively below said electrodes close beneath 
:lic opening to form a continuous pig of 
product and arranged close beneath the zone 
of fusion, whereby the product in said re 
ceptacle immediately beneath the electrodes 
is oltten and serves to support the material 
?idergoing 'eduction. 
3. In an electric furnace in combination 

Ileans for fusing then laterial, a transverself 
int) vable receptacle receiving the fused prod 
lict, and an act Lating laechanism for said re 
ceptacle controlled by the variations in the voltage. 

4. In collbilation, an electric arc furnace, 
and means for Supplying thereto a current 
of constant aluperage not withstanding varia 
tions in the interial resistance of the fur 
11ace, Said furnace having an opening and 
constructed to maintain fusion of the mate 
rial in said opening, and to withdraw the 
product therefron progressively as it is 
formed and at a rate controlled by the varia 
tions in the voltage. 

5. A regulating mechanism for electric 
furnaces comprising in coinbination a mov 
able part of the finace. a pusher therefor, 
and means for advancing said pusher by 
short steps continuously in one direction, 
Said pusher being adapted to be quickly 
i eturned to its starting point. 

6. An electric furnace, comprising a smelt 
ing chainber having a discharge opening, 

lit a receptacle movable across said open 
ing and arranged to retain a molten body 
within said chanuber. 

an a plurality of receptacles movable across 
Said opening and arranged to retain a nolten 
body within said chamber. 

8. An electric fiernace, comprising a snelt 
ing chamber having a discharge opening, 
and a plurality of abutting receptacles mov 
alle across Said opening and arranged to 
retain a molten lody within said chamber. 

9. All electric filiace, comprising a smelt 
ing chamber, having all open bottom, and a 
feceptacle movable transversely beneath said 
botton and arranged to 'etain a molten body 
within said chamber. 

10. An electric filrace, comprising a 
Sillel tig chamber laying an open botton), 
and a pit 1'ality of recepticles loyable trans 
versely releath said lot to and arranged to 
retain a liol ten body within said chamber. 

11. An electric furiace. comprising a 
Snelting chaniber having all open bottom, 
and a plurality of abutting receptacles nov 
able transversely beneath said bottom and 
arranged to retain a molten body within said 

them fom above with an outlet opening chamber. 

T. An electric furnace, coliprising a smelt 
s - illng chamber having a discharge opening, 
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12. An electric furnace, comprising a 
Smelting chamber having an open bottom, 
electrodes extending into said chamber, and 
a receptacle movable transversely beneath 
said botton and arranged to retail a molten 
body within said chamber. 

13, An electric furnace, conprising a 
Smelting chamber having an open bottom, 
electrodes extending ite) said chamber, and 
a plurality of receptacles movable trans 
versely beneath said botton and arranged 
to retain a molten body within said chamber. 

14. An electric furnace, comprising a 
Sneiting chamber having an open bottom, 
electrodes extending into said chamber, and 
a plurality of abutting receptacles movable 
transversely beneath said bottom and ar 
ranged to retain a molten body within said 
chamber. 

15. An electric furnace provided with 
electric heating means and having a travel 
ing receiver or hearth adapted to travel sub 
stantially horizontally through said furnace 
below said heating means for receiving the 
reduced material or product and conveying 
the Same from the furnace, the said travel 
ing receiver or hearth being composed of de 
tachable sections adapted to be transposed 
from end to end to permit of the same be 
ing made practically continuous in its travel 
through the furnace, and means for operat 
ing said receiver or hearth, substantially as 
and for the purpose set forth. 

16. An electric furnace provided with 
electrical heating means and having a trav 
eling receiver or hearth adapted to travel 
substantially horizontally through said fur 
nace below said heating means for receiving 
the reduced material or product and convey 
ing the same from the furnace, the said 
traveling receiver or hearth being composed 
of detachable sections adapted to be coupled 
and uncoupled to permit of the same being 
made practically continuous in its travel 
through the furnace and being practically 
sealed at the points where it enters and 
leaves the furnace, respectively, and means 
for operating said receiver or hearth, sub 
stantially as and for the purpose set forth. 

17. An electric furnace provided with 
electrical heating means and having a 
horizontally traveling recessed or trough 
shaped receiver or hearth adapted to travel 
through said furnace below said heating 
means for receiving the reduced material or 
product, and conveying the same from the 

in eans for operating said re 
ceiver or hearth, substantially as and for 
the purpose set forth. 

1S. An electric furnace provided with 
electrical heating means and having a trav 
eling recessed (i trough-shaped receiver or 
hearth adapted to travel substantially hori 

5 

heating means for receiving the reduced ma 
terial or product and conveying the same 
from the furiace, the said traveling receiver. 
or hearth being composed of detachable sec 
tions adapted to be transposed from one end 
to the other to permit of the same being 
inade practically continuous in its travel 
through the furnace, and means for operat 
ing said receiver or hearth, substantially as 
and for the purpose set forth. 

19. An electric furnace provided with 
electrical heating means and having a trav 
eiling recessed or trough-shaped receiver or 
hearth adapted to travel substantially hori 
Zontally through Said furnace below said 
heating means for receiving the reduced ma 
terial or product and conveying the same 
from the furnace, the said traveling receiver 
or hearth being composed of detachable sec 
tions adapted to be transposed from end to 
end to permit of the same being made prac 
tically continuous in its travel through the 
furnace and being practically sealed at the 
points where it enters and leaves the fur 
nace, respectively, and means for operating 
Said receiver or hearth, Substantially as and 
for the purpose set forth. 

20. An electric furnace provided with 
electrical heating means and having a trav 
eling recessed or trough-shaped receiver or 
hearth adapted to travel below said heating 
leans for receiving the material and con 
veying therefrom the reduced material, the 
Said receiver or hearth constituting the bot 
tion and also a substantial portion of the 
sides of Said furnace, and means for operat 
ing said receiver or hearth, substantially as 
and for the purpose set forth. 

21. An electric furnace provided with 
electrical heating means and having a trav 
eling recessed or trough-shaped receiver or 
hearth adapted to travel below said heating 
leans and having such depth thereto as to 
constitute the bottom of the furnace and the 
opposite sides thereof, such sides extending 
tap to or near the level of the fusing zone, 
and means for operating Said receiver or 
heartli, Substantially as and for the purpose 
set forth. 

22. An electric furnace provided with 
electrical heating means and having a trav 
eling receiver or hearth adapted to travel 
through Said furnace below said heating 
means and being composed of detachable 
sections adapted to be transposed from end 
to end to permit of said receiver being prac 
tically continuous in its travel through the 
furnace, driving connections engaging the 
two opposite sides of said traveling receiver 
or hearth, and means for actuating the said 
driving connections, substantially as and for 
the purpose set forth. 

23. An electric furnace having a fusing 
Zontally through said furnace below said or smelting chamber provided with means 

65 

70 

75 

80 

90 

95 

00 

O 

0 

5 

20 

25 



6 978,187 

for heating the charge therein, a discharge 
opening in said chamber, a receiver or re- charge within said chamber. 
ceptacle traveling across Said discharge in witness whereof, I have hereunto 
opening and adapted to retain the charge signed my name in the presence of two sub 

discharge opening and adapted to retain the 

5 within said chamber. Scribing witnesses. 
24. An electric furnace having a fusing Y-m rv FRANK CREE or Sinelting challer provided with means NK CREELMAN. 

for heating the charge therein, a discharge Witnesses: 
opening in said chamber, a plurality of re- DOMINGO A. USINA, 

10 ceivers or receptacles traveling across said FRED WHITE. 


