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My invention relates to methods and apparatuis 
for detecting metal leaks or short circuits through 
a furnace refractory; in operating switches, and 
thereby preventing dangerous or damaging arcs 
from forming between coil turns or between the 
coil and charge in the furnace. , 
The main purpose of my invention is to provide 

a method of detecting short circuits formed by 
voltage breakdowns between the coil and charge 
in an induction electric furnace and to protect 
apparatus and operators by discontinuing the 
Supply of current to the furnace before damag 
can be done. . 
A further purpose of my invention is to pre 

vent an explosion or violent expulsion of a molten 
Or Solid charge from a furnace due to water being 
trapped beneath the charge and converted to 
Steam by the intense heat. 
A further purpose is to supply a method of 

making a permanent electrical connection to a 
charge being heated or to a bath of molten metal 
in the furnace. . . . 
A further purpose is to supply a visible means 

of informing a furnace operator that the electri 
cal connections to the charge are good. 
A further purpose is to sound an alarm when 

a breakdown has occurred between coil and 
charge and to cause, in addition, a visible signal 
to be made. V 
A further purpose is to substitute a shield of 

conducting material for the second contact point 
in the protective device to be used, in place of 
the coil, to anticipate metal leaks. 
A further purpose is to stop the flow of cooling 

water to the inductor coil and apply compressed 
air to blow out what water is left in the coil to 
further protect against an explosion due to break 
down. 

Further purposes will appear in the specifica 
tions and in the claims. - V- 
I have preferred to illustrate my invention by 

six figures. . - 
Fig. 1 shows a cross section of a furnace em 

bodying my invention. 
Fig. 2 is similar to Fig. 1 except that a conduct 

ing shield is used as one side of the protective 
circuit instead of the furnace coil. 

Fig. 3 is a fragmentary view showing the gen 
eral form of shield used in Fig. 2. 
- Fig. 4 is a cross section of a furnace showing 
the application of my invention to non-fluid 
charges. - . ... r - 

Fig. 5 shows a method of bringing in the con 
tact leads to the charge from the top of the fur 
nace through an insulating or protecting sleeve, 

Fig.6 shows a method of cutting of the flow of 
cooling water and clearing the inductor coil by 
means of compressed air in case of trouble. 
In the drawing, similar numerals indicate lik 

parts. - 60 
Protective devices of the type or for the rea 

Sons described have not found favor in the com 
mon practice of operating induction furnaces be 
cause the methods thus far proposed have been 
uncertain of action, hard to install or by their 65 
installation have caused more serious trouble. 
In addition to this, since breakdowns have been 
few and of comparative negligible violence, it has 
not been thought necessary or economical to in 
stall such protective devices. .70 
In my experience in operating induction fur 

naces, I have seen several breakdowns which 
might have proven dangerous had conditions been 
only slightly different, and which might have 
been avoided had a suitable protective device 75 
been installed. 

In practically all commercial induction fur 
naces of the coreless type, the inductor coil is of 
hollow tubing, water cooled. The turns of this 
coil are energized by a comparatively high volt- 80 
age, and they are separated from the charge by 
only a thin refractory wall. When the refrac 
tory wall becomes hot, or when it cracks and 
metal from the charge approaches it, the effec 
tive coil insulation is impaired, and there is dan- 85 
ger of an arc forming between coil turns and 
the charge proper. This arc may take the form 
of a double breakdown where the voltage jumps 
from one turn to the charge and then back to 
another turn, or it may occur between adjacent 90 
turns if metal has leaked out to make contact 
between these turns. An arc cannot form, how 
ever, by metal leaking out to, or even touching, 
One single turn. 
When an arc does form, it can sometimes be 95 

detected by its noise and the Switch can be opened 
manually in time to prevent damage. If the 
switch is not opened in mediately, a section is 
burned out of the tubing; and water, under pres 
sure, can be forced into the furnace proper to 100 
be converted instantaneously into superheated 
steam. The resultant damage can be surmised. 
This condition is equally true of solid and 

liquid charges, but in the case of solid charges the 
breakdown occurs always as a completed two 105 
point arc. 

Several protective devices are now known. One 
is composed of a two wire winding inside of the 
coil proper. Metal leaks from the furnace are 
supposed to open or short circuit these two wires 10. 



O 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

2 
before reaching the coil. Another method com 
prises burying a shield, and a metal leak from 
the charge on making contact with both shield 
and coil actuates Safety devices. Still another 
method comprises two buried Shields. These are 
connected to a protective circuit and metai from 
the charge makes contact With both to oper 
ate the device. 

Burying a coil or shield which protects all of 
the lateral sides of a coil is a difficult Operation. 
The space is not great, and there is always danger 
of leaving spaces blank, or causing a Weakened 
refractory insulation by its addition. 
In my invention, I have resorted to simple and 

positive protective means. In no way have I 
impaired insulation. My protection is anticipa 
tory for molten metal charges, operating before 
an arc has had opportunity to form, and operat 
ing at the first contact of charge and coil. It 
is positive of action and shows its connections 
to be in good order until a break actually does 
occur. When a break occurs, it is instantaneous 
in its protection and warning. 

Referring to the figures, I shall now describe 
what I claim as my invention. 
In Fig. 1 I have shown furnace leads 7 and 7 

feeding an inductor coil 1, suitably surrounding a 
molten metallic charge 3, which is being maintain 
ed in a sintered refractory lining 2. The figure 
shows a sintered lining, but my invention or pro 
tective device is equally applicable where a 
crucible is used to hold the melt or charge. 

Wires 4 and 5 are buried in the refractory, 
or projected through the crucible before pack 
ing, and are made of a material which will not 
contaminate the charge being melted. For iron 
and steel melts I propose an iron wire, for in 
stance, of a size 12 to 18 B and S gauge. It 
should be understood that I do not limit myself 
to any particular connector, desiring only to es 
tablish metallic contact with the charge. One 
of these wires 4, is connected to the ground 12, 
and to one side of a suitable alternating or di 
rect current control Source 8, 8. The other 
wire 5, is connected to the other side of this con 
trol source through the lamp 13. Thus it may 
be seen that the burning Of the lamp 13, in Sures 
that contact wires 4 and 5 are connected to the 
charge. These wires will become hot and will 
melt off, but will always maintain contact with 
the charge. To doubly insure this contact, sev 
eral wires may be used and they may enter the 
charge from either bottom or sides of the re 
fractory wall. If desired, they may enter from 
the top of the furnace and may be led down 
through the refractory through a quartz or in 
Sulating tube 19, as shown in Fig. 5. In this 
case, it becomes of little consequence if the re 
fractory opens up around the wire, as the metal 
cannot leak through to the outside. 
Lead 81 from the control source is further con 

nected to the solenoid 11, and to a mid tap on the 
inductor coil 1. This solenoid when energized 
attracts the armature 10, opening contacts 9 in 
the main circuit and closing contacts 14. The 
solenoid 11, can only operate when the control 
circuit is closed by the metal pool or charge con 
ing in contact with the inductor coil as at 6 
and hence Opens the main circuit only when 
danger impends. 
Switch 14 closes the control circuit for the 

alarm signals 15 and 16. I have shown these to 
be a light and horn respectively, although they 
may be any positive device for calling attention 
to the condition. , 

1922,029 
The effective insulation between coil and charge 

is the distance from the top turn of the inductor 
coil 1 to the charge 3 plus the distance from 
the bottom turn to the charge, hence by con 
necting my signal circuit to the mid tap, I have 
in no Way in paired the insulation Value of the 
lining. 

It will be noticed that if the charge leaks out 
to touch the bottom turn of the coil, there will 
be an electromotive force from the main lines 
7, 71 through the Solenoid 11. As the frequency 
of the main Source is generally of the Order of 
1,000 cycles, the reactance of the coil for the 
60 cycle control circuit will be so great as to 
limit any current foW from the main line to a 
safe figure. If the main Supply frequency is 
low, then the Solenoid 11 must be wound to stand 
the maximum current, and the control voltage 
must be raised to insure operation. 
As the bath is grounded at all times, there is 

no chance to receive a current through the body 
When testing or charging the furnace. 
In Figures 2 and 3, I have shown a shield 17 

which may be inserted in the furnace lining to 
form. One contact of the control circuit, instead 
of the coil. This shield is of any sheet metal, 
preferably non-magnetic and is cut as shown to 
prevent eddy current paths from being set up 
in the shield from the main inductor coil. The 
shield is bent to form a cylinder but the bottom 
Connecting ring is not allowed to close on itself. 
In larger Size furnaces where brick liners are used 
against the inductor coil, this shield can be suit 
ably and easily inserted between two layers of 
brick. When metal leaks out of the charge to 
make contact with the shield, the signal circuit 
is closed as in the case where the coil formed the 
connection. 
In low temperature Work, the signal or con 

trol wires may be connected by pressure, weld 
ing, or other means, directly to the charge. If 
the charge does not leak through in the molten 
state, it still offers protection against, a double 
electrical breakdown from coil to charge and 
back to coil, as the control circuit is completed 
through the arc. 

In Fig. 4, I have shown a case somewhat simi 
lar to that just described. Here the charge is of 
graphite and may be packed in lamp black or 
Other heat insulating material, and insulated 
from the coil by mica or cement insulation, 18. 
If lamp black is used, it is not necessary' for the 
contact wire to touch the charge as the packing 
is itself conducting. I have shown this for con 
nection 5, and in the same figure have indicated 
the double breakdown fron coil, to charge, to coil, 
by the two arcs 61, 61. 

If an arc is stopped, the instant it forms, there 
is little chance of its starting a water leak which 
Will cause damage; but sometimes enough molten 
metal will follow a small leak to open up a big 
stream. In this case, steam is rarely trapped un 
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der the metal; but to add still further protection, 
I have added a safeguarding feature which is en 
ergized simultaneously with the opening of the 
main circuit. 

In Fig. 6, I have shown a solenoid 20 in paral 
lel with solenoid 11. This solenoid operates di 
rectly on armature 21 or through relays to close 
the water cooling inlet pipe 22, to the coil and 
Open a compressed air inlet pipe 23. In this way, 
at the first signal of distress, the water is not 
only disconnected from the inductor cooling sys 
tem, but is blown out by the compressed air, 

In view of my invention and disclosure, vari 
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1,922,029 
ations and modifications to meet individual whim 
or particular need will doubtless become evident 
to others skilled in the art, to obtain part or all 
of the benefits of my invention without copying 
the structure shown, and I, therefore, claim all 
Such insofar as they fall within the reasonable 
Spirit and Scope of my invention. 

' Having thus described my invention, what II 
claim as new and desire to secure by Letters Pat 
ent is:- - 

1. In an induction furnace having a refrac 
tory lining adapted to contain a charge, an in 
ductor coil surrounding said lining, leads connect 
ing the ends of the inductor coil to a Source of 
power supply and an electrical signal circuit con 
nected between an approximate mid tap on the 
inductor coil and the charge to indicate elec 
trical breakdown of the refractory lining between. 
the inductor coil and the charge. ? 

2. In an induction furnace having a refractory 
lining adapted to contain a charge, an inductor 
coil Surrounding said lining, leads connecting the 
ends of the inductor coil to a source of power 
supply, a signal circuit comprising a relay oper 
ated signal and an independent Source of current 
supply in series and connected between an ap 
proximate mid tap on the inductor coil and the 
charge to indicate electrical breakdown of the 
refractory lining between the inductor coil and 
the charge and a separate signal circuit in con 
junction with the first, operating on the same 
Source of current Supply as the first to indicate 
the operating condition of the first signal circuit 
and the contact that the first signal circuit makes 
With the charge. 

3. In an induction furnace System an inductor 
coil, a refractory lining adapted to contain a 
charge, a signal System comprising a relay op 

3. 
erated signal and an independent source of cur 
rent supply in series and connected between said 
coil and charge, one branch of said signal Sys 
tem being connected to an approximate mid tap 
on the coil and the other being connected to the 
charge and to the ground. 

4. In an induction furnace system an inductor 
coil, an electrical and heat insulating lining there 
for, adapted to contain a conducting charge, a 
Source of alternating current connected to the 
ends of Said inductor coil, a signal System com 
prising a relay Operated signal and an independ 
ent source of electric current connected between 
an approximate mid point on the inductor coil 
and the conducting charge, a contactor in the 
main inductor coil line and relay means oper 
ating in conjunction with the signal device to 
open the main alternating current line and to 
operate the signal in event of an electrical break 
down between the inductor coil and the charge. 

5. In an induction furnace system an inductor 
coil, a refractory lining adapted to contain a 
charge, a signal system comprising a relay op 
erated signal and an independent source of cur 
rent supply in series and connected between said 100 
coil and charge, One branch of said independent 
Source of Supply being connected through the re 
lay to an approximate mid tap on the coil and the 
other being connected to the charge and to the 
ground, and a secondary signal system operative- 105 
ly connected between the ungrounded side of the 
Source of current Supply of the first signal sys 
tem and the charge to indicate that the main 
signal circuit is energized and that the contacts of 
said main signal circuit with the furnace charge 110 
are intact. 
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