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ABSTRACT OF THE DISCLOSURE 
The operation of a plasma torch as an alternating cur 

rent supply at power frequency while obtaining the bene?t 
of low electrode wear normally associated with DC. oper 
ated torches by arranging that an arc is formed, and plasma 
forming gas converted to plasma, only in similar half 
cycles. This is achieved by passing a pilot plasma into the 
plasma forming chamber and by controlling the compo 
sition and rate of ?ow of the plasma forming gas relative 
to the pilot plasma such that the torch operates as a recti 
?er. A plurality of torches can be interconnected to oper 
ate on either similar or opposite half-cycles of the supply 
voltages. 

Plasma torches which are so constructed as to operate 
from either a DC. source or a high frequency A.C. source 
are known but it is inconvenient to have to supply these 
special sources of electrical energy and it is an object of 
the present invention to provide a plasma torch which 
can be operated from an alternating voltage source of 
mains frequency. 

According to the present invention a plasma torch com 
prises having two .electrodes which provide inlet and outlet 
ports respectively for the chamber, means for passing 
plasma-forming gas into the chamber and between the elec 
trodes and means for generating a pilot plasma which is 
passed through the chamber by way of the inlet and outlet 
ports whereby a unidirectional current ?ows between the 
electrodes by way of said pilot plasma when a power fre 
quency alternating voltage is applied therebetween. 
One of the advantages of such torches is that the elec 

trodes have the low-wear characteristics usually associated 
with plasma torches which are operated from a DO. 
source. 
The pilot plasma projected into the chamber through 

the inlet port electrically couples the two electrodes allow 
ing a current to ?ow between them from the alternating 
source. The electrode which provides the inlet port is 
heated, when in use, by the pilot plasma passing there 
through and the relatively cold plasma forming gas ?ow 
ing into the chamber cools the electrode which provides 
the outlet port to a greater extent than it cools the other 
electrode. Furthermore by arranging for the plasma form 
ing gas conveniently nitrogen which is directed into the 
chamber to have a much greater electrical breakdown po 
tential than that of the gas, conveniently argon, from which 
the pilot plasma is formed, it can be arranged for the 
breakdown voltage in the direction from the outlet port 
electrode to the inlet port electrode to be much higher 
than the breakdown voltage in the reverse direction. These 
factors enable a unidirectional current to ?ow between 
the electrodes. The direction of electron ?ow is from the 
electrode which provides the inlet port to the other elec 
trode i.e. current ?ows during the half cycle of the applied 
voltage when the electrode which provides the outlet port 
is positive with respect to the electrode which provides the 
inlet port. 
The pilot plasma which is passed through the chamber 

may be generated by any convenient means from a DC. 
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reverse polarity DC). or AC. or half wave A.C. supply. 
When a half wave A.C. supply is employed it is essential 
that the plasma is generated at the periods of time when 
conduction is required between the electrodes of the 
torch. The pilot plasma is generated between a pair of 
electrodes which may be completely separate from the 
electrodes of the torch but alternatively one of the elec— 
trodes between which the pilot plasma is generated may 
be an axial extension of, or the reverse end of, the elec 
trode which provides the inlet port of the chamber. 

In order that the invention may be more readily under 
stood, it will now be described, by way of example with 
reference to the accompanying drawings in which: 

FIG. 1 is a sectional side elevation of a plasma torch 
in accordance with one embodiment of the invention, 
showing the power supplies thereto; 
FIGS. 2 and 3 show in diagrammatic form alternative 

electrical connections to the torch when used to heat an 
electrically conductive material by transferred ?ame oper 
ation; 
FIGS. 4 and 5 show in diagrammatic form alternative 

electrical connections to an assembly comprising a pair 
of plasma torches; 

FIGS. 6 and 7 show in diagrammatic form alternative 
electrical connections to a pair of plasma torches to bring 
about transferred ?ame operation; 
FIG. 8 shows in diagrammatic form the electrical con 

nections to a device employing four plasma torches to 
bring about transferred ?ame operation thereof, from a 
single phase supply; and 
FIG. 9 shows in diagrammatic form the electrical con 

nections to a device employing six plasma torches to bring 
about transferred ?ame operation from a three-phase elec 
trical supply. 

Referring particularly to FIG. 1, a plasma torch 1 com 
prises a pair of conductive electrodes 2 and 3 which are 
separated by an annular body of electrically insulating 
material 4 and which together de?ne a generally cylin 
drical chamber 5. The electrodes 2 and 3 each have an 
opening therein which openings are in axial alignment 
and provide an inlet port 6 and an outlet port 7 respec 
tively to the chamber. Electrode 2 is provided with a 
hollow cylindrical part 8 manufactured from a refractory 
metal i.e. tungsten and which projects into the chamber 
5 with the bore of the part in alignment with the open 
ing in the electrodes. Electrode 3‘ is of refractory metal or 
copper and both of the electrodes have provision for liquid 
cooling in the vicinity of the opening therein. 
A gas inlet port 9 is provided through the wall of the 

electrode 3 into the chamber and the port is inclined 
almost tangentially to the inner surface of the wall of the 
cylindrical chamber so that plasma forming gas injected 
under pressure through the port into the chamber swirls 
round the chamber in a vortex about the axis of the inlet 
and outlet ports 6 and'7. 

Electrode 2 is electrically insulated from a further elec 
trode 10 by an annular body 11 of insulating material. 
The electrodes 2 and 10 and the body 11 de?ne a fur 
ther chamber 12 which is of generally cylindrical form 
and in communication ‘with the chamber 5 by way of the 
port 6. A rodlike extension 13 projects from the electrode 
10 into the chamber 11 in axial alignment with the ports 
6 and 7. The extension 13 may be of tungsten and with 
the electrode 2 constitutes a pilot plasma generator. 
Plasma forming gas is injected under pressure into the 
chamber through an inlet port 14 so as to swirl around 
the chamber. The electrode 10 may be liquid cooled. 
To operate the assembly plasma forming gas, which 

conveniently may be argon, is injected into chamber 12 
through the port 14 and a unidirectional voltage conven 
iently from a recti?er 15 fed from a transformer 16 is 



3,536,885 
applied to terminals on the electrodes 10 and 2 with elec 
t’rode 10 negative with respect to electrode 2. An electric 
arc is set up between the electrodes and the plasma form 
ing gas passing through the arc is converted to a plasma 
which streams through the opening in electrode 2 into 
the chamber 5. A mains frequency alternating voltage 
from a transformer 17 is applied between terminals on 
electrodes 2 and 3 and the pilot plasma provides a con 
ductive path between these electrodes. An arc extends 
between the outer tip of extension part 8 and the adjacent 
surface of the electrode 3, and plasma forming gas in 
jected into the chamber 5 through port 9 constricts the 
arc and forces it part way into the outlet port 7. The 
plasma forming gas which conveniently may be nitrogen 
passes through the arc and is converted into a plasma 
which reinforces the pilot plasma leaving the chamber 5 
through the outlet port 7. By suitably adjusting the spac 
ing between the electrodes 2 and 3 and the composition 
and rate of flow of the plasma forming gases injected 
into the chambers 5 and 12, the torch can be made to 
operate in a self rectifying manner. Although the pilot 
plasma may ?ow continuously into the chamber 5 an 
arc is only formed between electrodes 2 and 3 during the 
half cycles of the supply applied between these electrodes 
when electrode 3 is positive with respect to electrode 2, 
i.e. electrode 2 acts as the cathode and electrode 3 as the 
anode. During the reverse half cycles there is no current 
?ow between the electrodes. 
The plasma produced by the torch shown in FIG. 1 is 

usually used as a heating source but by modifying the 
electrical connections to the torch as shown in FIGS. 2 
and 3 the plasma leaving the torch can be used as a con 
ductive column between the electrodes of the torch and 
an electrically conductive work-piece or charge. In FIGS. 
2-9 the plasma torch shown in FIG. 1 is indicated dia 
grammatically by the three electrodes 13, 2 and 3 and 
the electrical supply for producing the pilot plasma is 
not shown. 

Referring to FIG. 2, an alternating mains frequency 
electrical supply from transformer 17 is connected be 
tween the electrodes 2 and 3 and a further alternating 
supply of the same mains frequency from a transformer 
21 is connected between the electrode 2 and a conductive 
charge 22 in a furnace indicated by reference numeral 
23. The polarity of the two electrical supplies are 
arranged so that the charge is positive 'with respect to 
the electrode 2 at the same time that electrode 3 is posi 
tive with respect to electrode 2 and during the half 
cycles when this occurs the plasma leaving the torch is 
used to pass current into the charge. The current ?ow in 
the two electrical circuits is shown by the full arrowed 
lines. If as shown in FIG. 3, the supply from the trans 
former 21 is connected between the electrode 3 and the 
charge in the furnace with the polarity of the windings 
of transformers 17 and 21 arranged such that the charge 
is negative with respect to electrode 3 ‘when electrode 2 
is negative with respect to electrode 3 then half cycles of 
electrical energy ?ow between the electrodes 2 and 3 and 
‘<1 half wave current ?ows through the plasma from the 
charge to the electrode 3. It will be seen that to draw a 
full-wave current from the supply connected between the 
electrodes 2 and 3 it is necessary to employ two torches 
and operate them alternately. The electrical connection 
for such an assembly is shown in FIG. 4. Two torches 
40 and 41 are connected together electrically with the 
electrode 2 of torch 40 connected to the electrode 3 of 
torch 41 and the electrode 2 of torch 41 and the elec— 
trode 3 of torch 40 are similarly connected together. The 
electrical supply from a transformer 42 is connected be 
tween the electrodes 2 and 3 of torch 41. During the 
half cycles of the supply ‘when the electrode 3 of torch 
41 is positive with respect to the electrode 2 of the torch, 
electrons flow between them in the direction indicated by 
the full arrowed line and current is drawn from the sup 
ply. During the alternative half cycles when the electrode 
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2 of this torch is positive with respect to the electrode 
3 of the torch, no electrons ?ow between them. How 
ever during these latter half cycles the electrode 3 of 
torch 40 is positive ‘with respect to its electrode 2 and 
half cycles of current are drawn from the supply and 
?ow bet-ween these electrodes in the direction indicated 
by the broken arrowed line. 

FIG. 5 shows an alternative arrangement in which the 
electrode 2 of two torches 50 and 51 are connected to 
the respective outer ends of a centre tapped secondary 
winding of a transformer 52 and a centre tap is connected 
to the electrode 3 of both torches. During the half cycles 
of the supply when the electrode 3 of torch 50‘ is positive 
with respect to the electrode 2 thereof current flows there 
between in the direction shown by the full arrowed line. 
During the alternate half cycles of the supply when the 
torch 50 is not conducting, torch 51 conducts with the 
current ?owing in the direction indicated by the broken 
line. 
The arrangement illustrated in FIG. 6 is a combination 

of the features of the assemblies shown in FIGS. 3 and 4 
to enable a continuous transferred arc to a conductive 
charge 22 to be made. The same result is obtained by 
the assembly shown in FIG. 7 which combines the feature 
of the torch and assembly shown in FIGS. 2 and 5 re 
spectively. 

FIG. 8 illustrates a device for transferred-arc operation 
but without the necessity of applying an electrical con 
nection direct to the charge. Two assemblies 81 and 82 
each of the type illustrated in FIG. 4 and each consisting 
of two torches a and b have a further mains frequency 
electrical supply from a transformer 83 applied between 
the electrode 3 of torch 81b and the electrode 3 of torch 
82a. The streams of plasma from the torches to the con 
ductive charge 22 serve as conductive columns between 
the torches and the charge and a full wave current is 
taken from the secondary winding of transformer 83. 
During one set of alternate half cycles the electron flow 
is as indicated by full arrowed lines and during the other 
set of alternate half cycles the electron flow is as indi 
cated by broken arrowed lines. 

FIG. 9 shows a device by which three plasma torch 
assemblies 90, 91, and 92 each consisting of two torches 
can be operated with transferred are from a three-phase 
supply. The two torches in each assembly have their non 
corresponding main electrodes connected together as de 
scribed in connection with FIG. 4 and the electrode 2 of 
the corresponding torch of each assembly is connected 
to a separate phase of the three phase secondary wind 
ings of a three phase transformer 93. The full arrowed 
lines indicate the electron ?ow during one half cycle of 
one phase of the supply and the broken arrowed lines 
indicate the direction of electron ?ow during the reverse 
half of that cycle. Although the phases of the transformer 
93 are shown connected in star, a delta connection can 
be employed provided that the phase of the voltage be 
tween the main electrodes is maintained the same as the 
corresponding transfer voltage. There is no direct elec 
trical connection between the conductive charge 22 and 
any of the torches or the various electrical supplies. 
What I claim is: 
1. A method of operating a plasma torch from a source 

of alternating voltage at power frequency including the 
steps of applying said voltage without prior recti?cation 
between a pair of electrodes of the torch, continuously 
passing a pilot plasma between said electrode, passing a 
plasma forming gas between said electrodes with the 
composition and rate of bow of the plasma forming gas 
selected in relation to the electrodes to cause the torch 
to operate as a recti?er, such that arcs are struck between 
the said electrodes only during similar half cycles of said 
voltage but not during the opposite half-cycles, to con 
vert said plasma forming gas to plasma only during said 
similar half-cycles. 

2. A method of operating a plasma torch from a source 
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of alternating voltage at power frequency, as claimed in 
claim 1 in which said electrodes provide an inlet and an 
outlet port respectively, of a chamber into which said 
pilot plasma and said plasma forming gas are directed 
and holding said electrode which provides the outlet port 
at a lower operating temperature than that providing the 
inlet port whereby said arcs are struck only during the 
half cycles of the alternating voltage when said electrode 
providing the outlet port is positive with respect to the 
other electrode. 

3. A method of operating a plasma torch as claimed in 
claim 2, in which said plasma forming gas introduced 
into the chamber serves to cool the electrode providing 
the outlet port to a greater extent than it cools the elec 
trode providing the inlet port. 

4. A method of operating a plasma torch from a source 
of alternating voltage at power frequency as claimed in 
claim 1 in which said electrodes provide an inlet port 
and an outlet port respectively of a chamber, said pilot 
plasma is directed into said chamber through said inlet 
port, said pilot plasma is formed from a gas having a 
much lower electrical breakdown potential than that of 
the plasma forming gas passed between the electrodes 
and said arcs are struck only during the half cycles of 
the alternating voltage when said electrode providing the 
outlet port is positive with respect to the other electrode. 

57 A method of operating a plasma torch from a source 
of alternating voltage at power frequency as claimed in 
claim 1 in which one of said electrodes provides an inlet 
port and the other electrode provides an outlet port of a 
chamber, said pilot plasma is directed into said chamber 
through said inlet port, said pilot plasma is formed from 
argon, said plasma forming gas which is passed between 
said electrodes is nitrogen and said arcs are struck only 
during the half cycles of the alternating voltage when 
said electrode providing the outlet port is positive with 
respect to the other electrode. 

6. A method of operating a plasma torch as claimed in 
claim 1 to heat an electrically conductive material in 
which the plasma generated in said torch is directed onto 
said conductive material and a further source of alternat 
ing voltage at power frequency is connected between said 
conductive material and one of the electrodes of the torch 
such that half waves of current ?ow between said elec 
trode and the conductive material. 

7. The method of claim 1, wherein said plasma forming 
gas is introduced in an amount suf?cient to maintain the 
second electrode at a temperature substantially below that 
of the ?rst electrode. 

8. The method of claim 1, wherein the plasma forming 
gas passed between the said electrodes has a higher elec 
trical breakdown potential than the plasma forming gas 
used to form the said pilot plasma. 

9. A plasma torch assembly comprising two similar 
plasma torches each comprising a pilot plasma chamber, 
a main plasma forming chamber, ?rst and second spaced 
apart electrodes which are apertured to provide an inlet 
and an outlet port respectively for said main plasma 
forming chamber and which are electrically insulated 
from one another, and ?rst and second terminal means 
in electrical contact one with each of the electrodes for 
enabling an alternating voltage to be applied thereto, 
means for introducing a gas having a low electrical break 
down potential into the pilot plasma chamber for the 
generation of a pilot plasma introduceable into the main 
plasma forming chamber through the inlet port, means 
for introducing plasma forming gas of higher electrical 
breakdown potential under pressure between the elec 
trodes in said main plasma forming chamber of each 
said torch, such that the two torches are operable as 
recti?ers to convert the plasma forming gas to plasma 
in alternate half cycles of said voltage, and electrical 
connections between the ?rst electrode of each torch and 
the second electrode of the other torch. 

10. A plasma torch assembly comprising two similar 
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plasma torches each having a pilot plasma chamber, a 
main plasma forming chamber, ?rst and second spaced 
apart electrodes which are apertured to provide an inlet 
and an outlet port respectively for said main plasma 
forming chamber, and which are electrically insulated 
from one another, means for introducing a gas having a 
low electrical breakdown potential into the pilot chamber 
for the generation of a pilot plasma introduceable into 
the main plasma forming chamber through the inlet port, 
means for introducing a plasma-forming gas of higher 
electrical breakdown potential under pressure between 
the electrodes in said main plasma forming chamber of 
each torch, electrical connections between the ?rst elec 
trodes of each torch and the second electrode of the 
other torch, and terminal means for enabling an alternat 
ing voltage at power frequency but of different polarity 
to be applied to the electrodes of the two torches to cause 
each torch to operate as a half-wave recti?er and its 
plasma forming gas to be converted to plasma only dur 
ing the half-cycles of said voltage in which the second 
electrode is positive with respect to the ?rst electrode. 

11. A plasma torch assembly according to claim 10, 
wherein each of the torches is disposed so as to direct 
the plasma generated therein onto said conductive ma 
terial through said outlet port and wherein there are 
included means for applying an alternating voltage at 
power frequency between said conductive material and 
the second electrode of one of the torches. 

12. A plasma torch assembly comprising tWo similar 
plasma torches each comprising a pilot plasma chamber, 
a main plasma forming chamber, ?rst and second spaced 
apart electrodes which are apertured to provide an inlet 
and an outlet port respectively for the main plasma form 
ing chamber, and which are electrically insulated from 
one another, ?rst and second terminal means in electrical 
contact one with each of the electrodes, means for intro 
ducing a gas having a low electrical breakdown potential 
into the pilot chamber for the generation of a pilot plasma 
introduceable into the main plasma forming chamber, 
through said inlet port, means for introducing plasma 
forming gas of higher electrical breakdown potential 
under pressure between the electrodes in said main plasma 
forming chamber, and a transformer having a tapped 
secondary winding opposite ends of which are connected 
each to one of a pair of similar electrodes of the torches 
and the tapping of which is connected to the other pair of 
similar electrodes of the two torches, means for applying 
an alternating voltage at power frequency to the primary 
winding of the transformer to cause electric arcs to be 
struck between the electrodes of each torch in turn during 
the half-cycles in which the electrode of the torch which 
is connected to the tapping is positive with respect to the 
other electrode of the torch, and thereby to convert the 
respective plasma forming gas to plasma during said half 
cycles. 

13. A plasma torch assembly for heating an electrically 
conductive material comprising two similar plasma torches 
each comprising a pilot plasma chamber, a main plasma 
forming chamber, ?rst and second spaced apart elec 
trodes which are apertured to provide an inlet and an 
outlet port respectively for the main plasma forming 
chamber, and which are electrically insulated from one 
another, ?rst and second terminal means in electrical 
contact one with each of the electrodes, means for intro 
ducing a gas having a low electrical breakdown potential 
into the pilot chamber for the generation of a pilot plasma 
introduceable into the main plasma forming chamber 
through said inlet port, means for introducing plasma 
forming gas of higher electrical breakdown potential un 
der pressure between the electrodes in said main plasma 
forming chamber, and a transformer having a primary 
winding arranged to be connected to a source of alternat 
ing voltage at power frequency and secondary windings 
connected so as to apply between the electrodes of the 
two torches alternating voltages of opposite polarity such 
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that the electrodes of the two torches act as a recti?er to 
convert the respective plasma forming gases to plasma 
only during different alternate half-cycles, a further trans 
former having a primary winding arranged to be con 
nected to a source of alternating voltage at power fre 
quency and a tapped secondary winding opposite ends of 
which are connected each to one of a pair of similar 
electrodes of the two torches and the tapping of which 
is connectable to the said conductive material. 

14. Apparatus for heating electrically conductive ma 
terial comprising a pair of plasma torch assemblies, each 
of which assemblies comprises two similar plasma torches 
each having a pilot plasma chamber, a main plasma-form 
ing chamber, ?rst and second spaced apart electrodes 
apertured to provide an inlet and an outlet port respec 
tively for said chamber, and electrically insulated from 
one another, ?rst and second terminals connected to the 
?rst and second electrodes, means for introducing a gas 
having a low electrical breakdown potential into the pilot 
chamber for the generation of a pilot plasma introduce 
able into the main plasma forming chamber through said 
inlet port, means for introducing plasma forming gas of 
higher electrical breakdown potential under pressure be 
tween the electrodes in said main plasma forming cham 
her, the terminals of one of the torches of each assembly 
being connected to a respective source of alternating volt 
age at power frequency, electrical connections being pro 
vided between the ?rst electrode of one torch of each 
assembly to the second electrode of the other torch of 
the assembly such that the two torches are operable to 
convert the respective plasma forming gases to plasma 
in alternate half-cycles of the applied voltage, and a trans 
former having its secondary winding connected between 
similar electrodes of two torches one from each assembly, 
and its primary winding connected to a source of alternat~ 
ing voltage at power frequency. 

15. Apparatus for heating electrically conductive ma 
terial comprising three plasma torch assemblies each of 
which comprises two similar plasma torches each having 
?rst and second spaced apart electrodes electrically insu 
lated from one another, ?rst and second terminals con 
nected to the ?rst and second electrodes, means for intro 
ducing a gas having a low electrical breakdown poten 
tial into the pilot chamber for the generation of a pilot 
plasma introduceable into the main plasma forming cham 
her through said inlet port, means for introducing plasma 
forming gas of higher electrical breakdown potential 
under pressure between the electrodes in said main plasma 
forming chamber, and electrical connections being pro 
vided between the ?rst electrodes of each torch of each 
assembly, and its second electrode of the other torch of 
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the assembly such that the two torches are operable to 
convert the respective plasma forming gases to plasma 
in alternate half-cycles of the applied voltage, and cor 
responding electrodes from each of the three assemblies 
being connected to respective secondary windings of a 
three-phase transformer, the primary winding of which is 
connected to a three-phase alternating voltage source at 
power frequency. 

16. A plasma torch comprising means de?ning a cham 
ber, two spaced apart electrodes which provide inlet and 
outlet ports for the chamber, said electrodes including 
?rst and second electrodes which are electrically insulated 
from one another, means for introducing plasma forming 
gas under pressure into the chamber between said ?rst 
and second electrodes so that the gas ?ows between said 
electrodes, means for generating a pilot plasma which 
continuously enters the said chamber via said inlet port, 
terminal means for enabling and alternating voltage at 
power frequency to be applied between the two electrodes, 
and means for operating the torch such that the torch op 
crates as a recti?er and arcs are formed and the plasma 
forming gas converted to plasma only during similar 
half-cycles of said alternating voltage. 

17. A plasma torch according to claim 16 wherein 
the means ‘for operating the torch so that the torch op 
erates as a recti?er comprises means for introducing said 
plasma forming gas such that its electrical breakdown po 
tential is greater than the plasma forming gas used to form 
the said pilot plasma. 

18. A plasma torch according to claim 16, wherein 
the means for operating the torch so that the torch op 
erates as a recti?er comprises means for introducing said 
plasma forming gas under pressure between the elec 
trodes in the main plasma-forming chamber to be ex 
pelled from the outlet port, in an amount suf?cient to 
maintain the second electrode at a temperature substan 
tially below that of the ?rst electrode. 
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