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My invention relates to electric induction 
furnaces, more particularly to high fre 
quency metal melting furnaces, and has 
for its object the provision of means for 
maintaining substantially unity power fac 
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tor while the metalis being melted. 
It is well-known that high frequency in 

duction furnaces inherently have low power 
factors. One method of increasing the power 
factor is to add capacitor units across the 
current supply for the primary winding. 
However, in spite of this addition of capac 
itor units, as the material in the furnace 
melts, the power factor becomes lower and 
lower. This characteristic of the electric 
furnace makes it necessary to provide gen 
erating equipment suitable for operation over 
a wide range of power factors, which in 
creases the cost of the equipment. Still fur 
ther disadvantages are encountered inasmuch 
as instruments, such as an indicating watt 
meter, may be calibrated for a circuit oper 
ating on unity power factor and may indi 
cate considerably in error on the same circuit 
if the power factor varies over a wide range. 
Now the powerfactor of the furnace circuit to 
a certain extent depends upon the coupling 
between the primary coil and the material 
being melted, which forms a short circuited secondary. By changing the position of the 
primary coil with respect to the material 
to be melted the coupling will be changed, 
and hence in this manner the power factor 
of the furnace circuit may be varied. 
In carrying, out my invention I provide 

means responsive to variations in the power 
factor of the furnace for causing the cou 
pling between the primary winding and the 
material to be melted to be increased or de 
creased as the power factor changes. 
For a more complete understanding of my 

invention, reference may be had to the ac 
companying drawing in which Fig. 1 is a 
diagrammatic representation of one embodi 
ment of my invention. Fig. 2 illustrates a 
modification and Fig. 3 is a vector diagram 
illustrating the operation. 

Referring to Fig. 1 of the drawing, in car 
rying out my invention in one form, I pro 
vide an electric furnace comprising a refrac 

tory crucible 10 for containing the metal to 
be melted, and a primary winding 11. The 
crucible 10 is shown as a vertical, elongated 
container which rests upon a heat and elec 
trically non-conducting base 12. The wind 
ing constituting the primary 11 is shown as 
substantially surrounding the crucible 10 
containing the molten metal 13, but it is to 
be understood that my invention is not lim 
ited to this precise arrangement. The wind 
ing 11 is supported by a frame 14 which 
is slidably mounted upon a fixed vertical 
post 15. The support 14 and post 15 are 
made of a suitable electrically non-conduct 
ing material. A reversible electric motor 16, 
shown as being of a direct current type, is 
arranged near the slidable support 14 and 
the pulley 17 of this motor 16 is connected 
to the support 14 by means of a flexible rope 
or chain 18 passing over pulleys 19 and 20. 
It will be observed that as the motor 16 is 
operated in one direction the frame, 14 and 
winding 11 will be raised, while when the 
motor is operated in the opposite direction 
the support 14 and winding 11 will be low 
ered. I have disclosed connections for auto 
matically reversing the motor 16 in accord 
ance with changes in the power factor of the 
furnace circuit from leading to lagging or 
from gig to leading. These connections 
will now be described. 
The primary winding 11 is connected to a 

source 21 of a high frequency alternating 
current supply. Located in the connections 
of the source of supply 21 to the winding 
11 is a bank of capacitors 22 which serves 
the purpose of raising the power factor of 
the circuit. While I have illustrated three 
capacitors, it is to be understood that any 
number of units may be used in order to 
obtain a power factor as near to unity as 
possible. 
Although obviously any suitable power 

factor responsive means may be used for controlling the coupling between the primary 
winding 11 and the molten metal charge 13, I 
preferably use the power factor responsive 
means described and claimed in my copend 
ing application Serial No. 366,055 filed May 
25, 1929. This means comprises a capacitor 
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unit 23 which is connected across the supply 
lines 21 together with coils 24 and 25 electri 
cally associated with one of the supply lines 
21 on opposite sides of the connection leading 
from that supply line to the capacitor 23. 
These coils as shown constitute the second 
aries of current transformers, the primaries 
of which are connected in the particular sup 
ply line 21 with which they are associated. 

o The coils 24 and 25 are shown as connected di rectly to operating windings 26 and 27 re 
spectively, and these windings 26 and 27 ac 
tuate a contactor 28 which comprises a mov 
able contacting arm 29 and two fixed contacts 
30 and 31. For most cases windings 26 and 
27 will be connected as shown, to the circuit 
through current transformers, but in case the 
voltage and current are low, windings 26 and 
27 can be connected directly in the supply line 
21. The contacts 30 and 31 are connected to 
operating windings 32 and 33 respectively, 
and the windings 32 and 33 and the movable 
contacting arm 29 are connected to a suitable 
source of supply 34. The motor 16 is adapted 

25 to be connected to a suitable source of supply 
35 and in the connections between the motor 
16 and the supply source 35 are located re 
versing switches 36 and 37 operated by the 
windings 32 and 33 respectively. 
In the operation of the furnace, if the 

power factor of the furnace circuit is very 
far from unity the difference between the cur 
rents in the coils 24 and 25 will be sufficient 
to cause the movable contacting arm 29 to 

85 move in one direction or the other. To illus 
trate this, let us refer to the vector diagram 
shown in Fig. 3, in which the full line Isrep 
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resents a lagging current in the circuit which 
forms the primary of the current transformer 
25. Now, if full line Ia designates the cur 
rent in the circuit containing condenser 23, 
then full line I will represent the currentin 
that part of the circuit which forms the pri 
mary of current transformer 24. Again, as 
suming that dotted line Isrepresents a lead 
ing current in that part of the circuit which 
forms the primary of current transformer 25, 
and dotted line Is the current in condenser 
23 then dotted line I will represent the cur 
rent in that part of the circuit which forms 
the primary of current transformer 24. It 
will be observed that in the case of a lagging 
current, the current in coil 24 will be less than 
that in coil 25 as evident from the full lines 
in the diagram, while in the case of a leading 
current, the current in coil 24 will be greater 
than the currentin coil 25, as is apparent from 
the dotted lines in the diagram. Thus, if the 
power factor of the supply circuit.is lagging, 
the current in coil 25 will be greater than the 
current in coil 24 and the arm 29 will move 
to the right, connecting with fixed contact 31 
and establishing a circuit from the source 34 
through the winding 33, g the motor 16 

65 to be operated in a direction to lower the sup 
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port 14 and winding 11. On the other hand 
if the power factor is leading, the current in 
coil 24 will be greater than that in coil 25 
and the arm 29 connecting with the contact 30 
will establish a circuit from source 34through 
winding 32, thus causing the motor 16 to be 
operated in the opposite direction to raise the 
support 14 and winding 11. If there is no 
appreciable difference between the current in 
coil 24 and the current in coil 25, the contact 
arm 29 will remain midway between contacts 
30 d 31 and the motor 16 will not be actu 
ated. 
In Fig.2I have illustrated another embodi 

ment of my invention. In some furnace in 
stallations, especially in those in which a 
relatively large furnace is to be used it may 
be impractical to mount the primary winding 
So that it may be moved relatively to the 
crucible, as shown in Fig. 1. In Fig.2 I have 
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85 
illustrated a furnace in which the crucible 10 
and the primary winding 11 are rigidly sup 
ported on a suitable electrically non-con 
ducting base 38. In order to secure a variable 
coupling between the primary winding 11 
and the metal 13 I have provided means com 
prising a block 39 of a refractory material, in 
or directly suspended over a crucible 10. A 
flexible member 18 passing over a pulley 20 is 
secured at one end to the refractory block 39 
and at the other end to the pulley of a motor, 
such as the motor 16 illustrated in Fig.1. 
The operation of this form of my invention 

is as follows: When the metal 13 in the cru 
cible 10 is cold, the refractory block 39 will be 
supported upon the top surface of the metal 
or may be suspended in any position above the 
crucible 10. When the primary winding 11 is 
energized and the metal 13 begins to melt, the 
power factor of the furnace circuit will tend 
to decrease. On a decrease in the power 
factor, however, the motor attached to the 
flexible member 18 will operate to allow the 
refractory block 39 to be lowered into the 
metal in the crucible, as is shown in the draw 
ing. As the refractory block 39 lowers into 
the metal 13, some of the metal will be dis 
placed and will rise in the crucible around 
the block 39 to a height depending upon the 
position of the refractory block 39. As the 
metal 13 rises in the crucible 10 the effective 
resistance of the metal will be somewhat in 
creased and this will tend to improve the 
power factor. However, a much greater rise 
in the power factor will be due to the in 
creased coupling obtained between the wind 
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ing 11 and the metai which now fills the cru 
cible to a higher level than was obtained be 
fore the refractory block 39 was lowered into 
the metal. The motor which may be attached 
to the flexible member 18 may be controlled in 
the same manner and by the same apparatus 
as was described and illustrated in connec 
tion with that form of my invention shown in 
Fig. 1, the main difference between the two 
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forms being that in that type shown in Fig. 
1 the motor 16 raises or lowers the primary 
winding 11 in accordance with an increase 
or decrease in the power factor of the furnace 

5 circuit, while in Fig. 2 the motor raises or low 
ers the refractory block 39 in accordance with 
an increase or decrease in the power factor of 
the furnace circuit. 

It is to be understood that the illustration 
of my apparatus is very diagrammatic. The 
motor 16 may be of any type in which the di 
rection of rotation can be reversed. If nec 
essary, the primary winding may be cooled 
by any suitable means such as by passing a 
current of cooling air or water through the 
winding. Since these details form no part 
of my invention they have not been illus 
trated. 
While I have described my invention as 

embodied in concrete form and operating in a 
Specific manner in accordance with the pro 
visions of the patent statutes, it should be un 
derstood that I do not limit my invention, 
thereto, since various modifications thereof 
will suggest themselves to those skilled in the 
art without departing from the spirit of 
my invention, the scope of which is set forth 
in the annexed claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States is:- 
1. An induction heater comprising a pri 

mary winding for inducing heating currents 
in a charge to be heated, a support for said 
charge, and means responsive to a condition 
of the circuit of said primary winding for 
varying the positions of said winding and 
support with relation to each other. 

2. In an induction heater, a support for 
the material to be heated, a primary winding 

40 surrounding said support, and means respon 
sive to variations in power factor for caus 
ing relative movement between said support 
and said winding. 

3. In a metal melting furnace, a heat re 
fractory crucible for containing metal to be 
heated, a primary winding surrounding said 
crucible, and means responsive to variations 
in power factor for causing relative move 
ment between said crucible and said winding. 

4. In a high frequency induction furnace, 
a heat refractory crucible for containing 
metal to be heated, a primary winding adja 
cent said crucible, a source of alternating cur 
rent supply for said primary winding, and 
means responsive to variations in the power 
factor of the current supplied to said wind 
ing for causing a relative movement between 
said winding and said crucible. 

5. In a high frequency induction furnace, 
60 a heat refractory crucible for containing 

metal to be heated a primary winding sur rounding said crucible andmotinted for verti. 
cal movement, an alternating current supply 
for said winding, and means responsive to 

65 changes in the power factor of said current 
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for moving said winding relatively to said 
crucible. 

6. In a high frequency induction furnace, a 
heat refractory crucible for containing metal 
to be heated, a primary winding surrounding 
said crucible, a vertical post, a support for 
said winding slidably mounted on said post, 
a reversible motor connected to said support 
SO as to raise said support when operated in 
one direction and to lower said support when 
operated in the other direction, an alternating 
current supply for said winding, and means 
responsive to variations in the power factor 
of said current for reversing said motor. 

7. In a high frequency induction furnace, 
a heat refractory crucible for containing 
metal to be heated, a primary wilding sur 
rounding said crucible, a vertical post, a sup 
port for said winding slidably mounted on 
said post, a reversible motor connected to 
said support so as to raise said support when 
operated in one direction and to lower said 
support when operated in the other direction, 
an alternating current supply for said wind 
ing, and means responsive to changes in the 
power factor of said current from lagging to 
leading or from leading to lagging for re 
versing the direction of rotation of said motor 
and consequently the position of said wind 
ing, whereby a substantially unity power 
factor is maintained. 

8. In a high frequency induction furnace, 
a container for metal being heated, a pri 
mary winding surrounding said container, a 
source of alternating current supply for said 
primary winding, and means responsive to 
changes in the power factor of the current 
Supplied to said winding for causing relative 
movement between said winding and said 
container. 
In witness whereof, I have hereunto set my 

hand this 12th day of April, 1928. 
GEORGE A. CHUTTER. 
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