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Description

[0001] The present invention falls within the general
context of plasma arc torches and the cutting processes
obtained therewith.

[0002] In particular, the invention relates to a specific
circuitry, obtained after modeling the present high fre-
quency striking system of plasma arc torches, to devel-
op an alternative striking system which does not use
high frequency impulse generators.

[0003] One of the major problems arising in the de-
velopment of the plasma arc torch technology for the
cutting of materials consists in the striking and relative
transfer of the plasma arc.

[0004] In this specific case, it is quite difficult to strike
an arc transferred between the electrode of the torch
and the piece being processed, mainly due to the rela-
tive distance existing between them, when at a stand-
still.

[0005] Most of the plasma cutting systems are conse-
quently based on the striking of a pilot arc between the
electrode of the torch and the nozzle, elements sepa-
rated by a substantially lesser distance with respect to
thatindicated above; said pilot arc induces the formation
of an arc between the electrode and the piece being
processed.

[0006] A widely-used mode currently adopted for
striking the pilot arc uses a high voltage and high fre-
quency signal generator, coupled with a direct current
generator and with the torch; the high frequency gener-
ator sends a signal which causes a sudden discharge
in a plasma which flows, following a typically spiral path,
between the electrode and a nozzle of the torch.
[0007] The discharge causes a preferential course for
the current which, therefore, forms the pilot arc between
the electrode and the nozzle, between which a power
difference is created.

[0008] The direct current generator is directly con-
nected to the electrode and to the piece being proc-
essed and the gas flow at the outlet of the nozzle is ion-
ized by the pilot arc so that the electric resistance be-
tween the electrode and piece becomes small.

[0009] Furthermore, the nozzle is connected to the
piece being processed by means of a pilot resistor and
a pilot relay, connected to each other in series, creating
a high power difference between the nozzle and the
piece; this induces the transfer of the arc to the material
being processed following the complete ionization of the
surrounding space.

[0010] The relay is closed before the formation of the
pilot arc and opened at a pre-established moment, after
the arc has been transferred to the piece and conse-
quently the time which passes between the formation of
the pilot arc and the transfer of the arc to the material
being processed is in relation to the distance between
the torch and the piece being processed, the current val-
ue of the pilot arc and the flow rate of the gas.

[0011] In the striking systems currently adopted, of
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the type described above, it can also be observed that
20-30% of the energy supplied by the high frequency
generator is dispersed in the environment by the torch
wire which, by functioning as an aerial, can negatively
influence all the surrounding electronic equipment and
also cause failed ignition of the arc, above all in the pres-
ence of humidity conditions (especially during the winter
and/or in Northern Countries).

[0012] This can be clearly demonstrated by carrying
out specific functioning characterization tests of said
high voltage and high frequency impulse generator,
which is normally used in striking circuits; a spark gap
is normally used for the tests, consisting of two metal
electrodes at an adjustable distance and a probe oscil-
loscope, with pre-established division ratios, for meas-
uring the voltage and current.

[0013] The scheme of this test circuit is illustrated in
the enclosed figure 1, in which 10 indicates the high fre-
quency impulse generator, 11 generically indicates the
adjustable spark gap, 12 the measuring oscilloscope
and 13 and 14 the current and high voltage probes, re-
spectively.

[0014] From the measurements described, it can be
observed that the impulse generator 10, which is nor-
mally assembled in series on the striking circuits for
plasma arc cutting torches, produces a voltage impulse
every 20 ms approximately and that the impulse has ex-
tremely rapid rise and fall times, with a spectrum con-
taining quite high frequencies (up to about 1 MHz); in
the absence of current (idle), the impulse consists of a
voltage peak having a certain sign, followed by a oppo-
site sign peak and with approximately the same ampli-
tude (7-8 kV).

[0015] The equivalent circuit (schematically shown in
figure 2) is therefore substantially represented by the
direct current voltage generator V, which feeds both the
main arc and pilot arc, situated in series with a resistor
R and a network LC, equivalent to the high voltage and
high frequency impulse generator, comprising an induc-
tor L and a condenser C; the condenser C is charged to
about 1 kV and is brusquely discharged (through the di-
odes 15, of the SCR type) onto the primary circuit of an
impulse transformer 16, thus inducing the voltage VI of
the required level onto the secondary circuit of the trans-
former 16.

[0016] The discharge can take place during the first
or second peak; in any case, if the discharge takes place
in the spark gap 11, the current describes a sinusoid with
a basic frequency of 300 kHz approximately (with a pe-
riod of about 3 us), it has a peak value of about 40 A
and diminishes with a time constant of about 10 ps.
[0017] Neglecting the losses of the transformer 16,
the maximum voltage measured reaches 8 kV and the
charge corresponding to a current semi-wave, meas-
ured at the secondary circuit of the transformer 16, is
equal to about 40 uC; the energy corresponding to an
impulse is therefore equal to about 160 mJ.

[0018] A hypothesis for the development of an alter-
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native striking system to the high frequency system, was
initially based on the possibility of using Paschen curves
for finding an optimal condition of the values relating to
the pressure and distance between the torch elements,
in order to minimize the voltage necessary for the strik-
ing of the arc.

[0019] A more detailed study of the phenomenon, to-
gether with technological and operative restrictions of
plasma arc torches indicated, however, that this could
only be possible using a torch with lower pressures than
atmospheric value.

[0020] Other studies were effected using a piezoelec-
tric generator, instead of high voltage in high frequency
impulse generators, with feeding at 220 Volt, described
above and normally adopted in striking circuits of plas-
ma arc torches.

[0021] On effecting the measurements with the circuit
of figure 1, it can be immediately observed that, in this
case, the current absorbed by the high voltage probe
14, is such as to cause a significant voltage drop inside
the piezoelectric generator, which has a very high inter-
nal impedance; the voltage supplied by the generator is
therefore reduced by the consumption due to the meas-
urement probe, to such an extent that, at times, the strik-
ing does not even occur.

[0022] In order to reduce the current absorbed by the
probe 14, it is alternatively possible to provide a com-
pensated divider RC with a prefixed ratio and increased
inlet impedance, in order to obtain qualitatively accept-
able measurements.

[0023] From the oscillograms obtained under these
conditions, it can observed, however, that, during the
compression of the crystal, the piezoelectric generator
produces a sequence of 3-4 voltage increases with a
very slow growth (lasting several tens of ms); each in-
crease is brusquely interrupted when the discharge
takes place in the spark gap 11, which brings the voltage
practically back to zero and, during the release of the
pressure on the crystal, a sequence of completely anal-
ogous negative increases arises.

[0024] The discharge voltage of the spark gap 11
proves to be slightly higher than 4 kV, lower therefore
than that measured with the high voltage and high fre-
quency impulse generator, with the same distance be-
tween the electrodes; this is coherent with the fact that
a very short voltage impulse has a lower probability of
producing the strike with respect to a continuous volt-
age.

[0025] In this case, the current reaches 20 A and the
charge supplied is equal to about 0.1 uC, whereas the
voltage is equal to about 4 kV and the energy corre-
sponding to an impulse is equal to about 1 mJ, or 160
times lower than that supplied by the high voltage and
high frequency generator.

[0026] Within the range of requirements specified
above, an objective of the present invention is to provide
a circuit for plasma arc torches which allows the striking
of a pilot arc using a low power generator, instead of a
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high frequency impulse generator which, according to
the known art, is normally situated inside the main gen-
erator.

[0027] A further objective of the invention is to provide
a striking circuit for plasma arc torches which drastically
reduces electromagnetic emissions, with respect to the
techniques so far used, during the functioning of the
torch, thus limiting the risks of exposure to these radia-
tions during the processing of materials.

[0028] Another objective of the present invention is to
provide a striking circuit for plasma arc torches, in which
the low power generator used for striking the pilot arc
can be situated inside the torch, thus limiting the overall
hindrances of the equipment necessary for the process-
ing (cutting) of plasma arc materials.

[0029] Yet another objective of the invention is to pro-
vide a striking circuit for plasma arc torches which is ex-
tremely functional and reliable, under any condition and/
or in any application, which is also simple to use and
relatively economical with respect to the techniques tra-
ditionally adopted, in virtue of the advantages obtained.
[0030] These and other objectives, according to the
present invention, are achieved by providing a striking
circuit of the pilot arc for plasma arc torches, according
to claim 1, to which reference should be made for the
sake of brevity; other embodiment variants are de-
scribed in the subsequent claims.

[0031] The striking circuit according to the present in-
vention uses, as impulse generator for the striking of the
pilot arc, an impulse generator which produces a se-
quence of impulses consisting of a positive peak and a
negative peak, with a typical frequency of about 100
kHz; the impulses are repeated at intervals of about 100
ms and are approximately sinusoidal with a variable
peak value (up to about 8 kV) .

[0032] The current reaches a value of 20 A and the
charge is equal to about 0.5 nC, whereas the energy of
an impulse can be estimated as being around 2 mJ, i.e.
about 80 times lower with respect to that emitted by a
high voltage and high frequency impulse generator.
[0033] By using the high voltage and low power im-
pulse generator described in the present invention (in-
side the torch), it is therefore possible to strike a pilot
arc between the cathode and auxiliary anode; this
avoids the use of the traditional high voltage and high
frequency impulse generator which is normally posi-
tioned inside the main direct current generator.

[0034] Further characteristics and advantages of a
striking circuit of the pilot arc for plasma arc torches, ac-
cording to the present invention, will appear more evi-
dent from the following description relating to an illus-
trative but non-limiting embodiment, and referring to the
enclosed schematic drawings, in which:

e figure 1 shows a scheme of the test circuit adopted
for the various measurements effected;

* figure 2 shows an circuitry scheme equivalent to the
high voltage and high frequency impulse generator,
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used in striking circuits for plasma arc torches, ac-
cording to the known art;

e figure 3 shows a principle scheme of the striking
system of the pilot arc in plasma arc torches not us-
ing a high frequency generator;

e figure 4 illustrates a first embodiment of a test circuit
used for testing the functioning principle of the strik-
ing system of figure 3;

* figures 5-7 show other embodiment variants of a
test striking circuit scheme which can be used for
testing the functioning principle of the striking sys-
tem of figure 3;

* figure 8 shows a principle circuitry scheme of a strik-
ing circuit of the pilot arc for plasma arc torches,
which can be inserted in the torch body, according
to the present invention.

[0035] The principle of the striking system of the pilot
arc without the use of any high frequency generator is
schematized in figure 3.

[0036] According to this system, it is possible to ad-
vantageously use a torch feeder 21, comprising a direct
current low voltage generator 20 (equal to a maximum
of 250 V), suitable for the formation of the pilot arc and
main arc, connected in parallel to a condenser 22 and
to a switch 23 of the pilot arc; the feeder 21 is electrically
connected, by means of the connection cable 24A, 24B,
to the plasma arc torch 25, which includes a protection
diode 26, connected in parallel to a high voltage impulse
generator 27 (about 5 kV) for the striking of the pilot arc
and to a negative electrode 28 (cathode) of the torch 25.
[0037] The cathode 28 is coupled with the hood of the
torch 25, which acts as auxiliary anode 29, whereas the
main anode 30 consists of the piece to be processed,
which is connected, as also the generator 20 and switch
23, to the earth potential 31, by means of the wire 19 of
the main anode 30.

[0038] According to the invention, the generator 27 is
an impulse generator which produces a sequence of im-
pulses consisting of a positive peak and a negative
peak, with a typical frequency of about 100 kHz; the im-
pulses are repeated at intervals of about 100 ms and
are approximately sinusoidal with a variable peak value
(up to about 8 kV).

[0039] The current reaches a value of 20 A and the
charge is equal to about 0.5 uC; the energy of an im-
pulse can be estimated as being around 2 mJ, about 80
times lower than that of the high voltage and high fre-
quency impulse generator.

[0040] By using the high voltage and low power im-
pulse generator 27, it is possible to strike a pilot arc be-
tween the cathode 28 and auxiliary anode 29.

[0041] In any case, in order to test the functioning
principle of the system schematized in figure 3, as a di-
ode such as that indicated with 26, capable of tolerating
both the striking voltage and the current of the pilot arc,
is not available at present, the test circuit of figure 4 was
produced, in which two diodes are used in series (com-
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ponent indicated with 36) with a maximum inverse volt-
age of 8 kV and a maximum current equal to 0.4 A.
[0042] In order to avoid destroying the diodes 36, a
resistor 33 was also introduced, which limits the current
to 0.4 A, whereas the condenser 32 is used to prevent
a direct current from passing through the impulse gen-
erator 27 when it is switched off (the outlet of the gen-
erator 27, in fact, consists of an elevator transformer
which would become overheated as a result of the direct
voltage); finally, the condenser 22 protects the genera-
tor 20 from rapid overvoltages.

[0043] The spark gap 11, consisting of two metallic
electrodes at an adjustable distance, was used for the
tests, and voltages and currents were measured with
the oscilloscope 12, using the probe for high voltages
14, the current probe 13 and a differential probe 34.
[0044] The high voltage probe 14 tolerates voltages
up to 40 kV RMS and has a feed-through band of about
70 MHz, whereas the current probe 13 has a capacity
up to 30 A and a feed-through band of 50 MHz; the dif-
ferential probe 34 tolerates voltages up to 1.4 kV and
has a band of about 10 MHz.

[0045] The oscillograms effected with the generator
20 switched off, show that the diodes 36 adequately pro-
tect the generator 20 without absorbing excessive cur-
rent of the impulse generator 27, which is therefore able
to tolerate the voltage and produce the striking.

[0046] Furthermore, when the generator 20 is
switched on, the arc struck between the electrodes con-
tinues even after the impulsive voltage produced by the
impulse generator 27 has become exhausted, as a re-
sult of the current supplied by the generator 20 through
the diodes 36; as this current, however, is necessarily
limited to 0.4 A, the phenomenon only lasts for a few
tens of ps.

[0047] The effect of the greater energy due to the cur-
rent created by the generator 20 is however well visible
even to the naked eye and experimentally confirms that
it is possible to strike a pilot arc (between cathode 28
and auxiliary anode 29) using a high voltage and low
power generator such as the impulse generator 27
(which can be inserted inside the torch 25), instead of
the high voltage and high frequency impulse generator
which is traditionally placed inside the main generator
20.

[0048] The most critical point of the system, however,
is represented by the fact that it only functions if the im-
pulse generator 27 is kept separate from the direct cur-
rent generator 20 until the arc has been permanently
struck; this separation was initially obtained by means
of a high voltage diode 26 as, in the absence of this, the
voltage impulses would have propagated back along the
wire 24A, 24B and would have caused considerable
emissions of waves and electromagnetic disturbances,
as well as damaging the direct voltage generator 20.
[0049] Furthermore, in the absence of separation, in
order to sustain the voltage at the value necessary for
producing the discharge, an impulse generator with a



7 EP 1 530 409 A2 8

much greater power than that strictly necessary for pro-
ducing the striking of the arc between the cathode 28
and auxiliary anode 29, would have to be used.

[0050] By using only one diode 26, this can be con-
nected to the cathode 28 conductor (as illustrated in fig-
ure 3), so that, during the functioning of the pilot arc, the
auxiliary anode 29 is at earth potential 31, or to that of
the auxiliary anode 29, in which case the auxiliary anode
29 is brought to a potential of various kV, with respect
to the earth potential 31; in this latter case, it is possible
to use a diode 26 with a lower current capacity.

[0051] Even if, however, the tests effected showed,
as already mentioned above, that the system can clearly
function, diodes 26 capable of tolerating the required
voltages and current cannot easily be found on the mar-
ket and can also be costly and bulky, whereas the use
of a pair of diodes 36 causes a striking which has an
extremely limited duration.

[0052] In alternative and preferred embodiments of
the invention, the idea arose of using an inductor to sep-
arate the part of the circuit in which high voltage impuls-
es are present (the torch 25) from the rest of the circuit
(wire 24A, 24B and feeder 21), according to the circuitry
scheme of figure 5.

[0053] The tests were carried outunderthe same con-
ditions as the previous ones, using the spark gap 11,
consisting of two metallic electrodes at an adjustable
distance, to simulate the distance (gap) existing be-
tween the cathode 28 and the auxiliary anode 29, the
oscilloscope 12, the high voltage probe 14, the differen-
tial probe 34 and the current probe 13, whereas the strik-
ing circuit was varied by connecting, instead of the diode
26 or series of diodes 36, an inductor 35, made with a
ferrite nucleus with an openable casing of about 20 coils,
having an inductance in the order of 50 uH (this value
was selected with the criterion of making the current ab-
sorbed by the inductor 35 low in percentage with respect
to that supplied by the generator 20 when the discharge
takes place in the spark gap 11).

[0054] All the other components were obviously redi-
mensioned with respect to the previous embodiments
and a resistor 33 in parallel with the condenser 32, was
added.

[0055] The tests effected showed that the 50 uH in-
ductor 35 does not yet represent an optimal filtration,
as, although the current absorbed by the inductor 35 is
low in percentage with respect to that supplied by the
generator 20 during the discharge, the voltage drop in-
side the generator 20 with this current is still sufficient
however to prevent the formation of the discharge.
[0056] In practice, the inductor 35 still allows a current
to pass which is such as to lower the voltage of the gen-
erator 20 before the discharge takes place; the problem
could be solved by further increasing the inductance (by
increasing the number of coils and the ferrite section),
butitis believed that such an increase would not be eas-
ily compatible with the possibility of housing the striking
circuit in the body of the plasma hand torch 25.
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[0057] The idea then occurred to modify the circuit by
introducing a second spark gap, indicated with 36 in fig-
ure 6, situated in series with the high voltage impulse
generator 27; in this respect, it should be noted that elec-
tronic components having the same function with re-
spect to those of figure 5 are indicated in figure 6 with
the same references.

[0058] The circuit of figure 6 ensures that the elec-
trode forming the cathode 28 remains at the potential
set by the generator 20 of the pilot arc (-250 V) until the
discharge has been effectively initiated inside the sec-
ond spark gap 36; at this point, in fact, the potential of
the cathode 28 is brought within a very short time inter-
val (in the order of a few ns) to an intermediate level
between the voltage of the impulse generator 27 and
the earth potential 31 (about 5 kV, in any case sufficient
for effecting the discharge between the auxiliary cath-
ode 28 and anode 29).

[0059] The inductor with a ferrite nucleus 35 is then
subjected to a voltage with a much shorter duration than
that obtained with the circuit of figure 5 and this allows
the striking circuit to be effectively separated from that
of the generator 20, using a very small inductance; the
period of time during which the inductor 35 must prevent
the passage of current towards the generator 20 is in
fact reduced by at least one 100 factor (from 5 us to less
than 50 ns).

[0060] In further preferred but non-limiting embodi-
ments of the invention, the inductor 35 consists of a se-
ries of high voltage insulated wire coils (Teflon insula-
tion), wound around a toroidal ferrite nucleus having a
diameter of about 25 mm.

[0061] The tests showed that the small impulse gen-
erator 27 is capable of striking an arc, which is then fed
by the energy supplied by the generator 20 of the pilot
arc.

[0062] The resultis therefore extremely positive, both
with respect to the energy of the discharge which is trig-
gered, which is clearly greater than that previously ob-
tained (according to the scheme of figure 3), which used
the diode 26, and also as regards the much more relia-
ble repeatability in the discharge itself.

[0063] Furthermore, the duration of the discharge im-
proves when the transformer of the traditional striking
system, which was left, even in the absence of feeding,
inside the generator 20, is short-circuited.

[0064] In order to maintain the striking of the arc for a
certain period of time, it is also necessary to ensure that
the generator 20 of the pilot arc is sufficiently rapid to
supply the current necessary for sustaining the dis-
charge; in this respect, it has been observed that the
extinguishing of the arc in short times is linked to the
high inductance inside the generator 20 and that this
problem can therefore be solved by reducing said in-
ductance or by simply producing voltage impulses with
more rapid time intervals than those currently obtained
by the impulse generator 27 (as already occurs with the
high frequency impulse generator inside the generator
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20).

[0065] It has also been verified that the system also
continues to function when the number of coils around
the toroidal inductor is reduced.

[0066] In view of the encouraging results, it was de-
cided to perfect the circuit by using a more powerful and
reliable impulse generator.

[0067] The principle at the basis of this impulse gen-
erator is the Ruhmkorff principle, in which the secondary
circuit with a small section wire (& = ~0.2 mm) with thou-
sands of coils is wound onto a ferrite nucleus with pri-
mary winding with a large section wire (J =~1 mm) and
few coils, so that, by opening and closing the primary
circuit, there are high potential differences at the ends
of the secondary circuit.

[0068] The circuit illustrated in detail in the circuitry
scheme of figure 7, where the same components as fig-
ure 6 have the same numerical references, uses an im-
pulse generator 27 consisting of an ignition reel fed at
14 Volts in direct current and having an integrated circuit
as oscillator.

[0069] The signal generated is amplified by one or
more transistors which apply it to the primary circuit of
the reel, and high voltage impulses are obtained be-
tween the high voltage outlet of the reel and mass 31.
[0070] Furthermore, asthe apparatus is envisaged for
an impulsive functioning, it is necessary to connect a
switch in series to the direct current feeding at 14 Volts,
so that with each pressure on the switch, a spark is gen-
erated in the spark gap 11.

[0071] Theimpulse generator thus conceived produc-
es a voltage impulse with a frequency of about 100 Hz
and the impulse has a rise and fall with frequencies in
the order of 250 kHz.

[0072] A further improvement of the circuit of figure 7
is represented by the circuitry scheme of figure 8, in
which the components of figure 7 having the same func-
tion, are indicated with the same numerical references;
in the circuitry scheme of figure 8, in particular, in addi-
tion to the use of the discharger 41 instead of the second
spark gap 36, the inductor with a ferrite nucleus 37 is
installed inverted, i.e. itis connected in series to the aux-
iliary anode 29, where a maximum current of 20 A pass-
es, so as to have an inductance with a limited value.
[0073] In the case, on the other hand, of figure 7, as
the inductor 37 is situated in the cable of the cathode
24A, during the functioning of the torch 25 it must toler-
ate a maximum current of about 150 A and this param-
eter, which is not well tolerated by the inductor 37, can
cause a critical point in the system.

[0074] From the tests effected, an extremely stable
and intense arc is obtained on the spark gap 11, when
very compact components are used; in the field of plas-
ma arc torches, in addition to the possibility of using a
high frequency impulse generator 27 (with consequently
great advantages from the point of view of electromag-
netic compatibility and low emissions), this also allows
a structure with an extremely reduced hindrance to be
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obtained, as all the circuitry necessary for the function-
ing of the striking system of the pilot arc can be con-
tained inside the torch body 25.

[0075] From the above description, the characteris-
tics as also the advantages of the striking circuit of the
pilot arc for torches, which is object of the present in-
vention, are evident.

[0076] Finally, numerous variants can obviously be
applied to the striking circuit in question, which are all
included in the novelty principles implied in the inventive
concept. It is also evident that, in the practical embodi-
ment of the invention, the materials, forms and dimen-
sions of the details illustrated can vary according to the
demands and can be substituted with other technically
equivalent alternatives.

Claims

1. Astriking circuit of the pilot arc for plasma arc torch-
es (25), of the type comprising at least one high volt-
age signal generator (27), coupled with the torch
(25) and at least one direct current low voltage gen-
erator (20), suitable for the formation of the pilot arc
and main arc, said high voltage signal generator
(27) being capable of sending a signal for inducing
a sudden discharge into a plasma, which flows, ac-
cording to a pre-established path, between at least
a first electrode (28), connected to said direct cur-
rent generator (20), and at least a second electrode
(29) of the torch (25), in order to create a preferential
course for a current signal, which forms the pilot arc
between said electrodes (28, 29), maintained at a
certain potential difference, characterized in that
said high voltage signal generator (27) comprises
an impulse generator which produces a sequence
of frequency impulses, in order to strike the pilot arc
between said first (28) and second (29) electrodes,
situated at a variable distance, said direct current
low voltage generator (20) being connected in par-
allel to at least one condenser element (22) and to
at least one switch element (23) of the pilot arc and
being kept separate from said impulse generator
until the arc has been permanently struck.

2. The striking circuit according to claim 1, character-
ized in that said impulse generator (27) is situated
in series with at least one spark gap (41) and is fur-
ther connected to at least one electric separator, in
order to obtain high voltage and high frequency im-
pulses, between a high voltage outlet of said im-
pulse generator (27) and the earth potential (31).

3. The striking circuit according to claim 2, character-
ized in that said electric separator comprises at
least one diode (26, 36) or at least one inductor (35,
37).
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The striking circuit according to claim 1, character-
ized in that said impulse generator (27) is situated
in series with first resistor elements (33), which al-
low the current to be limited to pre-established val-
ues, and/or to first condensers (32), which are used
to prevent a direct current from passing through
said impulse generator (27) when it is switched off.

The striking circuit according to claim 1, character-
ized in that said direct current generator (20) is
connected in parallel to second resistor elements
(33) and/or second condensers (22), which allow
the direct current generator (20) to be protected
from rapid overvoltages.

The striking circuit according to claim 1, character-
ized in that said impulse generator (27) is inserted
inside the torch (25) or positioned close to it.

The striking circuit according to claim 3, character-
ized in that said inductor (35, 37) is produced with
a ferrite nucleus with an openable casing or com-
prising coils of high voltage insulated wire, insulated
and wound around a ferrite toroidal nucleus.

The striking circuit according to claim 1, character-
ized in that said impulse generator (27) consists of
a reel or insulated inductor, in which a secondary
winding is situated on a ferrite nucleus with primary
winding, so that, upon the opening and closing of
the primary circuit, there are high potential differ-
ences at the ends of the secondary circuit, said reel
being coupled with an integrated circuit which acts
as oscillator and with one or more transistors which
act as amplifiers of the signal applied to the primary
circuit.

The striking circuit according to claim 8, character-
ized in that said inductor (35, 37) with a ferrite nu-
cleus is electrically connected to at least one dis-
charger (41) and is connected in series to said sec-
ond electrode (29), which forms an auxiliary anode
of the torch (25), so as to have an inductance with
a limited value and thus obtain a stable and intense
arc between said first electrode (28), which forms a
cathode of the torch (25) and said auxiliary anode.
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