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[57] ABSTRACT 

This invention relates to melting and refining appara 
tus and processes, and is concerned with the problem 
of obtaining the correct metallurgical conditions in 
coreless induction furnaces. ' 

The invention consists in using a furnace with a single 
work coil connected through switching means to one 
or more electric power ‘sources arranged so that the 
frequency applied to the single work coil can be 
varied. The electric power may be supplied by a single 
variable frequency power source such as a static 
thyristor inverter device, or by a number of individual 
sources, each designed to produce electric currents 
alternating at a particular frequency. This 
arrangement enables material to be melted by 
supplying current to the work coil at high power and a 
high frequency and to be refined by using a low power 
and a low frequency. 

13 Claims, 2 Drawing Figures 
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REFINING APPARATUS AND PROCESSES 
This invention relates to melting and re?ning appa 

ratus and processes, and is concerned with the problem 
of obtaining the correct metallurgical conditions in 
coreless induction furnaces. 

BACKGROUND OF THE INVENTION 

It is known that, in order to produce ideal re?ning 
conditions in a bath of molten metal, it is desirable that t 
a vigorous agitation of the metal should be obtained. 
This vigorous agitation can be obtained by the use of 
a relatively low-frequency alternating current. The op 
timum frequency in any particular case depends on a 
number of factors and, in particular, on the furnace ca 
pacity. Thus, for example, optimum conditions may be 
produced in a furnace of 500 pounds capacity by using 
a frequency of approximately 500 Hz, whereas a fur 
nace having 2,000 pounds capacity might require a fre 
quency of I00 Hz and a furnace of 6,000 pounds ca 
pacity a frequency of 50 Hz. 

It is also known that the use of relatively low frequen 
cies imposes a limit on the power that can be applied 
to a furnace work coil of a given size and increases the 
time required for the initial melting operation. The use 
of low frequencies also make it necessary to use charge 
material of large cross-sectional area and, in some 
cases, efficient metling can only be obtained by using 
liquid metal in the charage. 

SUMMARY OF THE INVENTION 

The present invention provides a coreless induction 
furnace comprising a refractory lining, and a single 
work coil surrounding the refractory lining. The single 
work coil is provided with first and second terminals, 
one at each end of the coil. There is also provided a 
variable frequency electric power source, and a plural 
ity of power factor capacitor units. There is also pro 
vided switching means for connecting the ?rst and sec 
ond terminals of the work coil to a selected one of the 
power factor capacitor units and to the output of the 
variable frequency electric power source. 
The present invention also provides a coreless induc 

tion furnace comprising a refractory lining, and a single 
work coil surrounding the refractory lining. The single 
work coil is provided with first and second terminals, 
one at each end of the work coil. There is also provided 
a plurality of electric power sources producing electric 
currents alternating at mutually different frequencies. 
The apparatus also includes a plurality of power capac 
itor units, one associated with each of the power 
sources. There is also included switching means for 
connecting the ?rst and second terminals of the work 
coil to a selective one of the power sources and the as 
sociated power factor capacitor unit. 
The present invention also provides a re?ning pro 

cess carried out in a coreless induction furnace having 
a single work coil, comprising the steps of placing a 
charge to be melted and refined in the coreless induc 
tion furnace, supplying electric current to the single 
work coil at a relatively high power and a relatively 
high frequency to melt the charge, and supplying elec 
tric current to the single work coil at a relatively low 
power and a relatively low frequency to refine the melt 
of said charge. 
From one aspect the invention consists in a coreless 

induction furnace having a single work coil connected 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
through switching means to a variable-frequency elec 
tric power source. > 

From another aspect the invention consists in a core 
less induction furnace having a single work coil con 
nected through changeover switching means to a plu 
rality of electric power sources capable of producing 
electric currents alternating at mutually different fre 
quencies. 
From yet another aspect the invention consists in a 

re?ning process carried out in a coreless induction fur 
nace having a single work coil, wherein a charge is 
melted by supplying electric current to said work coil 
at relatively high power and a relatively high frequency, 
and wherein the melt is re?ned by supplying electric 
current to said coil at a relatively low power and a rela 
tively low frequency. 
Use of apparatus in accordance with the last para 

graph but two enables the frequency of the current ap 
plied to the work coil to be adjusted to the optimum 
value for all stages of a re?ning process. Thus, in a pro 
cess in accordance with the invention using a variable 
frequency electric power source, it is possible to start 
the initial melting cycle at a relatively high power and 
a relatively high frequency. The power density at this 
stage may be, for example, of the order of 800 to 1,000 
Kw per ton while the frequency may be, for example, 
in the range 700 to 10,000 Hz. As the charge becomes 
molten, the frequency and the power can be gradually 
reduced until optimum refining conditions are ob 
tained. During this stage of the process alloying ele 
ments, and possibly swarf or borings, may be added to 
the molten bath. The refining process may be carried 
out in air or in a vacuum in accordance with the partic 
ular conditions required. 

Finally, it may be desirable to increase the frequency 
towards the end of the re?ning process in order to re 
duce turbulence and atmospheric contamination of the 
metal. ' 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block circuit diagram of a ?rst embodi 
ment of the invention showing a coreless induction fur 
nace powered by a variable frequency power source. 
FIG. 2 is a block circuit diagram of a second embodi 

ment of the invention showing a coreless induction fur 
nace powered by two alternative power sources. 

DETAILED DESCRIPTION OF INVENTION 

FIG. 1 of the drawings shows a coreless induction fur 
nace 1 having a refractory lining 2 and a single work 
coil 3 provided with terminals 4 and 5, one at each end 
of the coil. These terminals are connected through ?ex 

' ible, water cooled cables 6 to a furnace busbar system 
7. 
Three capacitor units 8 9 and 10 are connected to the 

busbar system 7 through respective double pole 
switches ll, 12 and 13. The capacitor unit 8 is suitable 
for use over a range of frequencies between 50 and 200 
Hz., the capacitor unit 9 is suitable for use over a range 
of frequencies between 200 and 700 I-Iz., and the ca 
pacitor unit 10 is suitable for a range of frequencies be 
tween 700 and 10,000 Hz. The three capacitor units 
are connected through respective further double pole 
switches 14, 15 and 16 to a further busbar system 17. 
This busbar system 17 is connected through a main 
contactor 18 to the output of a variable frequency 
power source 19 drivin from a three-phase voltage sup 
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ply connected to input terminals 20. The power source 
19 may be, for example, a so-called static inverter 
which is constituted by means for rectifying the three 
phase input and deriving avariable frequency output 
from the resulting D.C. supply. 
The switches 11 to 16 are preferably coupled to the 

control member for changing the frequency of the 
power source 19 so that the appropriate capacitor unit 
is automatically switched into circuit as the frequency 
of the power source is changed. 
FIG. 2 of the drawings shows a coreless induction fur 

nace 1 similar to that shown in FIG. 1 and connected 
in the same way by water-cooled cables 6 to a busbar 
system 7. This system 7 is connected through a pair of 
interlocked double pole switches 21 and 22 to capaci 
tor units 23 and 24. It will be seen that the interlocking 
between the two switches 21 and 22 is such that the 
busbar 7 can only be connected to one of the capacitor 
units 23 and 24 at any one time. The capacitor unit 23 
is suitable for use at a frequency of 50 Hz., and is con 
nected through a pair of lines 27 to the output of'a 50 
Hz. power source 25. This power source may include 
a static balancer for converting a high voltage, low 
power, three-phase supply 26 to the required single 
phase supply on the lines 27. It may also include a main 
contactor in the two-phase supply and a high tension 
breaker in the three-phase supply. 
The capacitor unit 24 is suitable for use at a fre 

quency of 500 Hz., and is connected through a pair of 
lines 28 to 500 Hz., power source 29. This power 
source 29 may be constituted by a static thyristor fre 
quency converter connected to a medium voltage, high 
power three-phase supply 30. Alternatively, the power 
source 29 may include a rotary-type frequency con 
verter comprising a motor driven by the three-phase 
suppply 30 and mechanically coupled to a single-phase, 
500 Hz. generator feeding the lines 28. In this case, it 
will also include conventional contactors and motor 
starter. 
The capacitor units 23 and 24 may be connected in 

series in the lines 27 and 28, respectively, or they may 
be connected in parallel with these lines. 
Referring to FIG. 1, as the frequency of the power 

source is changed, it may be necessary to change the 
power factor capacitors connected either in series or in 
parallel between the power supply and the work coil. 
Thus, for example, three capacitor units may be pro 
vided in a typical installation and these units may be 
switched in automatically as the frequency is changed. 
One unit may be designed to cover a low frequency 
range, for example, from 50 to 200 Hz, one unit for an 
intermediate frequency range from 200 to 700 Hz, and 
one for a medium frequency range from 700 to 1,000 
Hz. Preferably, mechanical and electrical interlocks 
are provided to ensure that the correct capacitor unit 
is connected in circuit at every frequency. 
A suitable variable-frequency electric power source 

may be constituted by a static inverter device operating 
' over a range of frequencies, for example, from 50 to 

10,000 Hz. However, if a variable-frequency power 
source is not available, some of the advantages of the 
invention may still be realised by using a plurality of 
power sources of mutually different operating frequen 
cies (see FIG. 2). Thus, in some cases, it may be suffi 
cient to use two power sources, one designed to pro 
duce a relatively low-frequency alternating current and 
the other designed to produce a relatively high 
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frequency alternating current. The low-frequency 
source may, for example, operate at 50 Hz while the 
relatively high-frequency source operates at 500 Hz. 
The low-frequency source may, in this case, be pow 
ered from the supply mains without frequency conver 
sion while the relatively high-frequency source includes 
a rotary-type frequency converter or a static thyristor 
frequency inverter. Where two or more separate power 
sources are used, each will be provided with its own ca 
pacitor rack, the value of which will be appropriate to 
the operating frequency of the source. The two or more 
power sources will be connected to the single work coil 
of the furnace through mechanically and electrically 
interlocked changeover switching means designed to 
ensure that only one of the.power sources is connected 
to the work coil at a time. 
What we claim is: 
1. A coreless induction furnace comprising, in com 

bination: 
a refractory lining; 
a single work coil surrounding said refractory lining; 
said single work coil having ?rst and second termi 

nals one at each end of said single work coil; 
a variable frequency electric power source; 
a plurality of power factor capacitor units; and 
switching means for connecting said first and second 
terminals to a selected one of said power factor ca 
pacitor units and to the output of said variable fre 
quency electric power source. 

2. A furnace as claimed in claim 1, wherein said 
variable-frequency electric power source is constituted 
by a static inverter device operating over a range of fre 
quencies between 50 and 10,000 Hz. 

3. A coreless induction furnace comprising in combi 
nation: 

a refractory lining; 
a single work coil surrounding said refractory lining; 

said single work coil being provided with first and 
second 

terminals, one at each end of said work coil; 
a plurality of electric power sources producing elec~ 

tric currents alternating at mutually different fre 
quencies; 

a plurality of power factor capacitor units, one asso 
ciated with each of said power sources; and 

switching means for connecting said first and second 
terminals to a selected one of said power sources 
and the associated power factor capacitor unit. 

4. A furnaces as claimed in claim 3, wherein one of 
said electric power sources produces electric currents 
alternating at substantially 50 Hz while the other power 
source, or each of the other power sources, produces 
electric currents alternating at frequencies higher than 
50 Hz. 

5. A furnace as claimed in claim 4, wherein said one 
of said electric powers sources is powered from the 
supply main without frequency conversion. 

6. A furnace as claimed in claim 4, wherein said other 
power source, or each of said other power sources, in 
cludes a rotary-type frequency converter. 4, 

7. A furnace as claimed in claim 4, wherein said other 
power source, or each of said other power sources, in 
cludes a static thyristor frequency inverter. 

8: A furnace as claimedrirnslaim 1., wherein three Qa 
pacitor units are provided, one of which is designed to 
cover a range of frequencies from 50 to 200 Hz, a sec— 
0nd one of which is designed to cover a range of fre 
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quencies from 200 to 700 Hz, and a third one of which 
is designed to cover a range of frequencies from 700 to 
10,000 Hz. 
9. A furnace as claimed in claim 8, including me 

chanical and electrical interlocks adapted to ensure 
that the correct capacitor unit is connected in circuit 
at each operating frequency. 

10. A re?ning process carried out in a coreless induc 
tion furnace having a single work coil, comprising the 
steps of: 
placing a charge to be melted and re?ned in said 

coreless induction furnace; 
supplying electric current to said single coil at a rela 

tively high power and a relatively high frequency to 
melt said charge; and 

supplying electric current to said single work coil at 
a relatively low power and a relatively low power 
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6 
and a relatively low frequency to re?ne the melt of 
said charge. 

11. A process as claimed in claim 10, including the 5 
step of supplying a current to said single work coil at 
a frequency in the range 700 to l0,000 Hz, and at a 
power density between 800 and 1000 Kw per ton to 
melt said charge. 

12. A process as claimed in claim 10, including the 
step of increasing the operating frequency towards the 
end of the re?ning step in order to reduce turbulence 
and atmospheric contamination of said melt. 

13. A process as claimed in claim 11, including the 
step of increasing the operating frequency towards the 
end of the refining step in order to reduce turbulence 
and atmospheric contamination of said melt. 

* * * * =l< 


