
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
14

6 
80

6
B

1
*EP003146806B1*

(11) EP 3 146 806 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
30.12.2020 Bulletin 2020/53

(21) Application number: 15732331.2

(22) Date of filing: 19.05.2015

(51) Int Cl.:
H05H 1/34 (2006.01)

(86) International application number: 
PCT/IB2015/000714

(87) International publication number: 
WO 2015/177623 (26.11.2015 Gazette 2015/47)

(54) AIR COOLED PLASMA TORCH AND COMPONENTS THEREOF

LUFTGEKÜHLTER PLASMABRENNER UND KOMPONENTEN DAVON

CHALUMEAU À PLASMA REFROIDI PAR AIR ET COMPOSANTS DE CELUI-CI

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 19.05.2014 US 201414281861

(43) Date of publication of application: 
29.03.2017 Bulletin 2017/13

(73) Proprietor: Lincoln Global, Inc.
Santa Fe Springs, CA 90670 (US)

(72) Inventor: NAMBURU, Praveen Krishna
Charleston, SC 29492 (US)

(74) Representative: Grosse Schumacher Knauer von 
Hirschhausen
Patent- und Rechtsanwälte 
Frühlingstrasse 43A
45133 Essen (DE)

(56) References cited:  
US-A- 4 967 055 US-A- 6 084 199
US-A1- 2002 185 475 US-A1- 2012 012 560



EP 3 146 806 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] Devices and systems consistent with the invention relate to cutting, and more specifically to devices and systems
related to plasma arc cutting torches and components thereof.

TECHNICAL BACKGROUND

[0002] The invention is related to a swirl ring for an air cooled plasma cutting torch according to claim 1 and to an air
cooled plasma torch according to claim 9. In many cutting, spraying and welding operations, plasma arc torches are
utilized. With these torches a plasma gas jet is emitted into the ambient atmosphere at a high temperature. The jets are
emitted from a nozzle and as they leave the nozzle the jets are highly under-expanded and very focused. However,
because of the high temperatures associated with the ionized plasma jet many of the components of the torch are
susceptible to failure. This failure can significantly interfere with the operation of the torch and prevent proper arc ignition
at the start of a cutting operation.
[0003] Further limitations and disadvantages of conventional, traditional, and proposed approaches will become ap-
parent to one of skill in the art, through comparison of such approaches with embodiments of the present invention as
set forth in the remainder of the present application with reference to the drawings.
[0004] US2012012560 discloses an example of swirl ring having varying hole patterns.

BRIEF SUMMARY OF THE INVENTION

[0005] In order to improve arc ignition especially at the start of a cutting operation a swirl ring for an air cooled plasma
cutting torch according to claim 1 is described and an air cooled plasma torch according to claim 9. Preferred embodiments
of the invention are subject of the subclaims. An exemplary embodiment of the present invention is an air cooled plasma
torch having and components thereof that are designed to optimize performance and durability of the torch. Specifically,
exemplary embodiments of the present invention can have an improved electrode, nozzle, shield and/or swirl ring
configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above and/or other aspects of the invention will be more apparent by describing in detail exemplary em-
bodiments of the invention with reference to the accompanying drawings, in which:

FIG. 1 is a diagrammatical representation of an exemplary cutting system which can be used with embodiments of
the present invention;
FIG. 2 is a diagrammatical representation of a portion of the head of a torch utilizing known components;
FIG. 3 is a diagrammatical representation of a portion of the head of an exemplary embodiment of a torch of the
present invention;
FIGs. 4a-4c are diagrammatical representations of an exemplary embodiment of an electrode of the present invention;
FIGs. 5a - 5b are diagrammatical representations of an exemplary embodiment of a nozzle of the present invention;
FIG. 6 is a diagrammatical representation of an exemplary embodiment of a shield ;
FIG. 7 is a diagrammatical representation of an exemplary embodiment of a swirl ring of the present invention; and
FIG. 8 is a diagrammatical representation of a comparison between the plasma arc and plasma jet flow of embod-
iments of the present invention, as compared to known air cooled torch configurations.

DETAILED DESCRIPTION

[0007] Reference will now be made in detail to various and alternative exemplary embodiments and to the accompa-
nying drawings, with like numerals representing substantially identical structural elements. Each example is provided
by way of explanation, and not as a limitation. In fact, it will be apparent to those skilled in the art that modifications and
variations can be made without departing from the scope of the invention. For instance, features illustrated or described
as part of one embodiment may be used on another embodiment to yield a still further embodiment. It remains, that the
scope of the invention is defined by the appended claims.
[0008] The present disclosure is generally directed to air cooled plasma arc torches useful for various cutting, welding
and spraying operations. Specifically, embodiments of the present invention are directed to air cooled plasma arc torches.
Further exemplary embodiments are directed to air cooled plasma arc torches which are retract arc torches. As generally
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understood, retract arc torches are torches where the electrode is in contact with the nozzle for arc initiation and then
the electrode is retracted from the nozzle so that the arc is then directed through a throat of the nozzle. In other types
of retract torches, the electrode stays stationary and the nozzle is moved. Embodiments of the present invention apply
to both types. The construction and operation of these torches are generally known, and thus their detailed construction
and operation will not be discussed herein. Further, embodiments of the present invention can be used in either handheld
or mechanized plasma cutting operations. It should be noted that for purposes of brevity of clarity, the following discussion
will be directed to exemplary embodiments of the present invention which are primarily directed to a hand held plasma
torch for cutting. However, embodiments of the present invention are not limited in this regard and embodiments of the
present invention can be used in welding and spraying torches. Various types and sizes of torches are possible at varying
power levels if desired. For example, exemplary embodiments of the present invention can be used on cutting operation
that utilize a cutting current in the range of 40 to 100 amps, and can cut workpieces having a thickness of up to 0.075
inches (1.905 mm), and in other embodiments can cut workpieces of a thickness of up to 1.5 inches (38.1 mm). Further,
the torches and components described herein could be used for marking, cutting or metal removal. Additionally, exemplary
embodiments of the present invention, can be used with varying currents and varying power levels. The construction
and utilization of air coolant systems of the type that can be used with embodiments of the present invention are known
and need not be discussed in detail herein.
[0009] Turning now to Figure 1, an exemplary cutting system 100 is shown. The system 100 contains a power supply
10 which includes a housing 12 with a connected torch assembly 14. Housing 12 includes the various conventional
components for controlling a plasma arc torch, such as a power supply, a plasma starting circuit, air regulators, fuses,
transistors, input and output electrical and gas connectors, controllers and circuit boards, etc. Torch assembly 14 is
attached to a front side 16 of housing. Torch assembly 14 includes within it electrical connectors to connect an electrode
and a nozzle within the torch end 18 to electrical connectors within housing 12. Separate electrical pathways may be
provided for a pilot arc and a working arc, with switching elements provided within housing 12. A gas conduit is also
present within torch assembly to transfer the gas that becomes the plasma arc to the torch tip, as will be discussed later.
Various user input devices 20 such as buttons, switches and/or dials may be provided on housing 12, along with various
electrical and gas connectors.
[0010] It should be understood that the housing 12 illustrated in FIG. 1 is but a single example of a plasma arc torch
device that could employ aspects of the inventive the concepts disclosed herein. Accordingly, the general disclosure
and description above should not be considered limiting in any way as to the types or sizes of plasma arc torch devices
that could employ the disclosed torch elements.
[0011] As shown in FIG. 1, torch assembly 14 includes a connector 22 at one end for attaching to a mating connector
23 of housing 12. When connected in such way, the various electrical and gas passageways through the hose portion
24 of torch assembly 14 are connected so as to place the relevant portions of torch 200 in connection with the relevant
portions within housing 12. The torch 200 shown in FIG. 1 has a connector 201 and is of the handheld type, but as
explained above the torch 200 can be of the mechanized type. The general construction of the torch 200, such as the
handle, trigger, etc. can be similar to that of known torch constructions, and need not be described in detail herein.
However, within the torch end 18 are the components of the torch 200 that facilitate the generation and maintenance of
the arc for cutting purposes, and some of these components will be discussed in more detail below. Specifically, some
of the components discussed below, include the torch electrode, nozzle, shield and swirl ring.
[0012] FIG. 2 depicts the cross-section of an exemplary torch head 200a of a known construction. It should be noted
that some of the components of the torch head 200a are not shown for clarity. As shown, the torch 200a contains a
cathode body 203 to which an electrode 205 is electrically coupled. The electrode 205 is inserted into an inside cavity
of a nozzle 213, where the nozzle 213 is seated into a swirl ring 211 which is coupled to an isolator structure 209 which
isolates the swirl ring, nozzle etc. from the cathode body 203. The nozzle 213 is held in place by the retaining cap
assembly 217a-c. As explained previously, this construction is generally known.
[0013] As shown, the electrode 205 has a thread portion 205a which threads the electrode 205 into the cathode body
203. The electrode 205 also has a center helical portion 205b. The helical portion 205b has a helical coarse thread-like
pattern which provides for flow of the air around the section 205b. However, because of this section special tooling is
required to remove the electrode 205 from the cathode body 203. Downstream of the center portion 205b is a cylindrical
portion 205c, which extends to the distal end 205d of the electrode 205. As shown, the cylindrical portion is inserted into
the nozzle 213, such that the distal end 205d is close to the throat 213b of the nozzle 213. The cylindrical portion can
include a flat surface at the center portion 205b so that a specialized tool can grab the electrode 205 to remove it from
the cathode. Typically, the transition from the cylindrical portion 205c to the distal end 205d includes a curved edge
leading a flat end face on the distal end 205d. In a retract start torch this flat end face is in contact with the inner surface
of the nozzle 213 to initiate the arc start. Once the arc is ignited the electrode 205 is retracted and a gap is created
between the electrode 205 and the nozzle 213 (as shown), at which time the plasma jet is directed through the throat
213b of the nozzle 213 to the workpiece. It is generally understood, that with this configuration, known electrodes 205
can begin to fail during arc initiation after about 300 arc starts. Typically, the electrode 205 is chrome or nickel plated to
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aid in increasing the life of the electrode 205. Once this event begins to occur, the electrode 205 may need to be replaced.
[0014] Also, as shown a hafnium insert 207 is inserted into the distal end 205d of the electrode 205. It is generally
known that the plasma jet/arc initiates from this hafnium insert 207, which is centered on the flat surface of the distal
end 205d.
[0015] As briefly explained above, the torch 200a also includes a nozzle 213 which has a throat 213b threw which the
plasma jet is directed during cutting. Also, as shown the nozzle 213 contains a cylindrical projection portion 213a through
which the throat 213b extends. This projection portion 213a provides for a relatively long throat 213b and extends into
an cylindrical opening in the shield 215, which also has a cylindrical projection portion 215a. As shown, and air flow gap
is created between each of the projection portions 213a/215a to allow a shielding gas to be directed to encircled the
plasma jet during cutting. In air cooled torches, each of these respective projection portions 213a/215a direct the plasma
jet and shield gas to the getting operation. However, because of the geometry of each of the nozzle 213 and the shield
cap 215, these projection portions can tend to heat up significantly. This heat can cause the heat band on the nozzle
213 to extend significantly along its length. This increased heat band and high heat can cause the components to
deteriorate and fail, causing the need for replacement. Further, their performance can degrade over time which can
cause less than optimal cutting results. Therefore, improvements are needed for known air cooled torch configurations.
[0016] Turning now to Figure 3, an exemplary embodiment of a torch head 300 is shown. The torch head 300 can be
used in the torch 200 shown in Figure 1, and like Figure 2, not all of the components and structure is shown to simplify
the Figure (for example, handle, outer casing, etc.). Further, in many respects (except those discussed below) the
construction and operation of the torch head 300 is similar to known torch heads, such that all of the details of its
construction need not be discussed herein. However, as will be explained in more detail below, each of the electrode
305, nozzle 313, shield cap 315 and swirl ring 311 of the torch head 300 are constructed differently than known torches
and torch components and provide for a cutting torch with optimized cutting performance and durability. Further, like the
torch 200a in Figure 2, the torch 300 in Figure 3 is an air cooled, retract-type torch. Further understanding of exemplary
embodiments of the present invention is provided in the discussions below, in which each of the electrode, nozzle, shield
cap and swirl ring are discussed.
[0017] Turning now to Figures 4a through 4c, an exemplary embodiment of an air cooled electrode 305 of the present
invention is shown. The electrode has a thread portion 305a which allows the electrode 305 to be secured to the cathode
body in the torch head. Adjacent to the thread portion 305a is a wider securing portion 305b which is larger in diameter
than the thread portion 305a and the downstream cylindrical portion 305c (discussed more below). Unlike known elec-
trodes the securing portion 305b has a nut portion 305e which is configured to allow a standard socket-type tool to
remove and install the electrode 305. As explained previously, known electrodes do not have such a configuration and
require a special tool for installation and removal. Embodiments of the present invention allow for standard tools to be
used because of the nut portion 305e. In the embodiment shown, a six-sided hex-head nut configuration is used. Of
course, other standard nut configurations can be used. As shown, adjacent the nut portion 305e is a seat portion 305f
which has the widest diameter D’ of the electrode 305. This portion is used in aiding the seating of the electrode 305
within the cathode body.
[0018] Adjacent to the nut portion 305e is a cylindrical portion 305c, which has an end portion 305d with a flat end
face 305g. The cylindrical portion 305c has a diameter D, where the ratio of the widest diameter D’ to the diameter D is
in the range of 1.4 to 1.8, and in other exemplary embodiments is in the range of 1.4 to 1.6. Further, as compared to
known air cooled electrodes, which are used for cutting applications in the range of 40 to 100 amps, the diameter D of
the cylindrical portion 305c is in the range of 15 to 25% larger than the diameter of the cylindrical portion of known
electrodes. In exemplary embodiments, the maximum diameter of the cylindrical portion 305c is in the range of 0.2 to
0.4 inches (5.08-10.16 mm). The end portion 305d of the electrode 305 has flat surface portion 305g which has a hafnium
insert 307 inserted into a center point of the flat surface portion 305g. The use and function of the hafnium insert 307 is
generally known and will not be discussed in detail herein. However, in embodiments not in the invention, the hafnium
insert 307 is a cylindrically shaped insert which has a length to diameter ratio in the range of 2 to 4, and in other exemplary
embodiments the length to diameter ratio is in the range of 2.25 to 3.5. Thus, exemplary embodiments allow for optimal
current transfer into the insert 307 while at the same time providing optimum heat transfer abilities. As such, the usable
life of the hafnium insert and electrode is greatly increased over known configurations. It is noted that although the
hafnium insert 307 is described as cylindrical it is understood that in some exemplary embodiments, either or both of
the ends of the insert 307 may not be flat because, in some exemplary embodiments, the ends may have either a
generally concave or convex shape.
[0019] As shown in Figures 4a to 4c the end portion 305d transitions to the flat surface portion 305g via a generally
curved edge. The flat surface portion 305g is the portion of the face of the end of the electrode 305 which is flat, as
opposed to the transition edge which transitions the flat surface portion 305g to the side walls of the cylinder portion
305c. However, unlike known electrodes, the flat surface portion 305g has a diameter such that the ratio of the diameter
d to the diameter D is in the range of 0.8 to 0.95. In further exemplary embodiments, the ratio is in the range of 0.83 to
0.91. Such a ratio optimizes the surface contact between the flat surface portion 305g and the interior of the nozzle 313



EP 3 146 806 B1

5

5

10

15

20

25

30

35

40

45

50

55

during arc start, while at the same time ensuring that there are minimal heat concentrations and ideal heat transfer
between the flat surface portion 305g and the cylindrical portion 305c. As explained above, in a retract-start, air cooled
torch the electrode 305 is placed into contact with the nozzle 313 via the flat surface portion 305g. This is typically done
by a spring type mechanism (not shown for clarity). This allows an arc to be started between the insert 307 and the
nozzle 313 at start and once the shield gas air flows reaches a desired pressure level, the electrode is retracted from
the nozzle 313 - creating a gap - which then causes the arc to move from the nozzle 313 to the workpiece. By having
an electrode 305 with a configuration described above, exemplary embodiments can significantly increase the usable
life of the electrode 305, and thus the torch. This ensures that optimal starting and cutting is maintained with minimal
downtime and replacement.
[0020] It is further noted that in some exemplary embodiments, the electrode 305 can be made primarily of copper
and is not coated with either chrome or nickel.
[0021] Turning now to Figures 5a and 5b, an exemplary embodiment of a nozzle 313 of the present invention is
depicted. The nozzle 313 has an end portion 313a which allows the nozzle 313 to be secured by the retainer assembly.
Adjacent to the end portion 313a is a main cylindrical portion 313b which extends from the end portion 313a to a tip
portion 313c, where the tip portion 313c transitions the nozzle from the cylindrical portion 313b to a tip surface portion
313h. Unlike known nozzles, the tip portion 313c is an angled portion - as shown - which does not have any additional
cylindrical extension portion (e.g., see 213a in Figure 2). Rather, the tip surface portion 313h is directly adjacent to the
angled surface of the tip portion 313c such that the tip portion 313c is a truncated cone shape. This is unlike known
nozzle configurations for air cooled torches. The angled portion of the tip portion 313h has an angle A in the range of
30 to 60 degrees, as shown. In other exemplary embodiments, the angle A is in the range of 40 to 50 degrees. Further,
as shown, the nozzle 313 contains a cavity 313i into which the electrode 305 is inserted as shown in Figure 3. The
nozzle 313 also has a throat 313d through the tip portion 313c having a length L, where the throat has a length to
diameter ratio in the range of 3 to 4.5, where the diameter is the smallest diameter of the throat 313d. In other exemplary
embodiments, the ratio is in the range of 3 to 4. The length L is the length of the throat 313d from the inner surface of
the cavity 313i to the tip surface 313h. This aspect of the nozzles aids in minimizing the voltage drop of the plasma
jet/arc along the length of the throat 313d. In known nozzles, the voltage drop can be appreciable, thus adversely affecting
the operation and effectiveness of the torch. Exemplary embodiments can provide an optimized performance where the
maximum voltage drop across the throat is less than 20 volts, regardless of the operational current level and gas flow
rates and patterns. In other exemplary embodiments, the maximum voltage drop is in the range of 5 to 15 volts, and in
yet further exemplary embodiments, the voltage drop is less than 5 volts. That is, nozzle and throat configurations of
exemplary embodiments can achieve the above optimal voltage drop performance over a current operational range of
40 to 100 amps with all known operational gas flow patterns and rates. This performance has not been attained by
known configurations. Also, as shown, the throat 313d has an inlet portion 313e which transitions from a wider opening
to a narrow throat portion 313f - which has the smallest diameter of the throat 313d. The narrow throat portion 313f
transitions to a wider expansion portion 313g which has an exit diameter that is larger than the diameter of the narrow
throat portion 313f and is smaller than the diameter than the inlet to the inlet portion 313e. That is, the diameter of the
inlet to the inlet portion 313e is larger than the diameter of the outlet of the expansion portion 313g. In exemplary
embodiments the ratio of inlet diameter (diameter at most upstream point of inlet 313e) to outlet diameter (diameter at
most downstream point of expansion 313g) is in the range of 1.5 to 4.
[0022] Embodiments of the nozzle 313 as described herein have significantly approved thermal properties over known
nozzle configurations. Specifically, exemplary nozzles operate at a much cooler temperature and have a much smaller
heat band than known nozzles. Because of the configuration of the known nozzles, their tips can reach very high heat
levels, which tends to cause molten spatter to adhere to the tips of the nozzles and can lead to the premature failure of
the nozzle. Specifically, embodiments not part of the present invention provide a heat band which is contained within
the tip portion 313c and has minimal extension into the cylindrical portion 313b. In fact, in some exemplary embodiments,
the nozzle 313 and tip 313c is configured such that the heat band does not extend to the cylindrical portion 313b at all
during operation. It should be understood that the heat band is the shortest band (or length) of the nozzle 313, measured
from the tip surface 313h, in which the average temperature of the nozzle 313 reaches 350 degrees C during sustained
operation 100 amps, where sustained operation is at least an amount of time where the temperature of the nozzle 313
reaches a temperature equilibrium during operation. (Of course, it is to be understood that normal operation includes
normal flow of cooling and shielding gas at 100 amps). This is not achievable with known nozzle structures and config-
urations. An exemplary heat band 313z is shown in Figure 5b, where the heat band 313z stays within the tip portion
313c during normal operation and does not extend to the cylindrical portion 313b. Thus, exemplary embodiments provide
optimized thermal properties to achieve optimized cutting performance and component life. To be clear, it is understood
that during operation, the temperature at the tip of the nozzle 313 is the highest, and can reach temperatures of 600
degrees C. In prior nozzle configurations, the heat band typically extends beyond the beyond the nozzle extension
portion 213a and the tapered portion (see Figure 2) and extends into the cylindrical portion. Exemplary embodiments
are considerably improved as the heat band is entirely within the most distal portion of the nozzle - the truncated conical
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portion - as shown in Figure 5b.
[0023] Figure 6 depicts an exemplary embodiment of a shield cap 315 installed on the end of the torch and shielding
the nozzle 313. The function of the shield cap is generally known and need not be described in detail herein. However,
like the nozzle 313 discussed above, the shield cap 315 does not have the extension portion 215a shown in Figure 2.
Instead, like the nozzle 313, the tip of the shield cap is a truncated cone - as shown in Figure 6. The shield cap 315 has
a threaded end portion 315a which allows the shield cap to be secured to the retainer assembly 217c. The shield cap
315 also has a cylindrical portion 315b which is positioned in between the end portion 315a and the shield cap tip portion
315c. When the torch is assembled the cylindrical portion 315b of the shield cap 315 is adjacent to the cylindrical portion
313b of the nozzle 313, as shown in Figure 6, such that a gap exists between the nozzle 313 and the shield cap 315.
The shielding gas is directed through this gap during a cutting operation. In exemplary embodiments the gap between
the respective cylindrical portions is in the range of 0.01 to 0.06 inches (0.254 to 1.524 mm), and in other exemplary
embodiments, is in the range of 0.2 to 0.4 inches (0.508 to 1.016 mm). Also, as shown, the shield cap 315 has a tip
portion 315c which is also shaped as a truncated cone having a tip end surface 315d. Unlike known shield caps, there
is not cylindrical extension portion as shown in Figure 2. Further, the shield cap 315 has a circular opening 315e which
is centered on the throat 313d when the components are assembled as shown. In exemplary embodiments the opening
has a diameter Ds which is in the range of 1.25 to 4.1 times the smallest diameter of the nozzle throat 313d (diameter
of the narrow throat portion 313f). In other exemplary embodiments, the diameter Ds is in the range of 1.75 to 2.5 times
the smallest diameter of the throat 313d. Further, in exemplary embodiments the diameter Ds is greater than the exit
diameter of the throat expansion portion 313g, but less than the diameter of the tip surface portion 313h. In exemplary
embodiments the ratio of the diameter Ds to the diameter of the tip surface portion 313h of the nozzle 313 is in the range
of 0.98 to .9.
[0024] Additionally, as shown in Figure 6, the tip portion 315c of the shield cap 315 is constructed such that the interior
angled surface 315f of the tip portion 315c is angled at an angle B which is larger than the angle A (on the nozzle) so
that the gap G between the exterior of the nozzle 313 and shield cap 315 - in their respective tip regions - decreases in
width along the length of the gap G from the upstream end X to the downstream end Y (whereas the angles A and B
are measured from a line parallel to the centerline of the torch). In exemplary embodiments the angle B is in the range
of 35 to 70 degrees, but is larger than the angle A. In other exemplary embodiments, the angle B is in the range of 45
to 60 degrees. That is, the gap distance between the interior surface of the shield cap 315 at the beginning (point x) of
the tip portion 315c and the exterior of the nozzle (measured normal to the interior surface of the shield cap) is greater
than the gap distance between the interior surface of the shield cap 315 at the end (point y) of the tip portion 315c and
the exterior of the nozzle (measured normal to the interior surface of the shield cap). By decreasing the width of the gap
G the shield gas air flow is accelerated near the exit of the torch - which aids in stabilizing the plasma jet and improves
performance of the torch. In exemplary embodiments the width of the gap at point X is in the range of 0.03 to 0.05 inches
(0.762 to 1.27 mm). Further, in exemplary embodiments, the width of the of the gap G decreases by 30 to 60 % from
point X to point Y. For clarity, the point X is located at the widest point between the interior of the shield cap 315 and
the exterior of the nozzle 313, along their respective tip portions, and the point Y is located at the narrowest point between
the interior of the shield cap 315 and the exterior of the nozzle 313, along their respective tip portions. It is noted that
while in some exemplary embodiments, the point Y is located at the transition between the exterior angled surface of
the nozzle tip portion 313c to the tip surface 313h, this may not be the case in other exemplary embodiments. Improved
torch performance and durability can be achieved by incorporating exemplary embodiments of the components discussed
above.
[0025] It is also noted that in some exemplary embodiments, the shield cap 315 can have additional gas flow ports
319 (depicted in Figure 3). These ports 319 provide additional gas flow to the cutting area and can help cool the shield
cap and keep debris away from the cutting area.
[0026] Turning now to Figure 7, an exemplary embodiment of a swirl ring 311 is depicted. Unlike existing swirl rings,
embodiments of the present invention have two regions, an upper region 311a and a lower region 311b. Known swirl
rings typically have a single region having a constant outside diameter along its entire length, and where the length of
the ring is relative short as compared to what is shown in Figure 7. For example, as shown in Figure 2, the swirl ring
211 extends from the top edge of the nozzle 205 to the bottom of the isolator 209. However, this configuration can lead
to early failure of the swirl ring 211, particularly at the top of the swirl ring 211 where it connects with the isolator 209.
Exemplary embodiments of the present invention eliminate this failure mode, as well as improve the overall performance
of the ring and the torch. As shown in Figure 7, the upper portion 311a has a larger outer diameter than the lower region
311b, and in some exemplary embodiments has a length longer than that of the lower region 311b. This upper region
has a cavity 311f into which the isolator 209 is inserted (see Figure 3). This insertion aids in strengthening and centering
of the swirl ring 311. The swirl ring 311 can be press fit, screwed onto, or simply seated with the isolator 209. On the
outside surface of the upper portion 311a of the ring 311 are a plurality of channels 311c. The channels 311c aid in
stabilizing the gas flow to the bottom portion 311b of the swirl ring 311. Known torches do not employ such flow channels,
and as such the gas flow can be turbulent as it reaches the swirl ring. This turbulent flow can compromise the performance
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of the torch. The present invention uses the channels 311c to stabilize the gas flow from the upper regions of the torch
head to the lower portion 311b of the ring 311. The stabilized flow is then directed to the holes 311d/311e in the bottom
portion 311b and because the flow has been stabilized the performance of these holes are optimized. As shown, the
bottom portion 311b has a plurality of gas flow holes 311d/311e which pass from the outer surface of the bottom portion
311b to an inner cavity of the bottom portion 311b. In some exemplary embodiments, the channels 311c run along the
entire length of the upper portion and run parallel to a centerline of the swirl ring. However, in other exemplary embod-
iments, the channels 311c can run along only a portion of the length of the upper portion, and in further embodiments,
the channels can be angled such that they impart a swirl flow to the gas passing through the channels. As shown,
exemplary embodiments have at least four rings of holes, where at least two upper rings 311d have a first hole configuration
and at least two lower rings 311e have a second configuration. The operation of the holes will be discussed below.
[0027] As discussed previously, prior to start of the torch, the nozzle and the electrode are in contact with each other.
This can be attained via a mechanical spring bias. When the operation is started, both current and gas is caused to flow.
The current ignites the arc and the gas pressure will cause the cathode/electrode to be pushed away from the nozzle -
pushing against the spring bias. In the present invention, the upper holes 311d facilitate this retraction via the gas
pressure. That is, the holes 311d are formed such that each of their respective centerlines is perpendicular to the
centerline of the ring 311. Further, in exemplary embodiments all of the holes 311d have the same dimensions (e.g.,
diameter) and each of the upper rows of holes 311d have the same number of holes 311d (i.e., same radial spacing).
However, in other exemplary embodiments the holes 311d can have varying diameters (e.g., two sets of holes, a first
diameter and a second diameter), and/or each of the rows of holes 311d can have different hole spacing. That is, in
some exemplary embodiments, the row of holes 311d closet to the upper portion 311a can have less or more holes
311d than the adjacent row of holes. The configuration can be optimized to achieve the desired performance. In the
embodiment shown in Figure 7 the holes 311d have a cylindrical shape (circular cross-section), however in other ex-
emplary embodiments, at least some of the holes can have non-circular cross-sections (e.g., elliptical, oval, etc.).
[0028] Unlike the upper rows of holes 311d, the bottom rows of holes 311e are used to provide a swirl or rotation to
the gas as it flows into the cavity adjacent the electrode 305. Thus, in exemplary embodiments of the present invention,
the bottom rows of holes 311e have a different hole geometry, where the centerlines of the holes are angled with respect
to the centerline of the ring 311. This angling directs the gas flow in such a way as to impart improved rotation in the
gas flow. In exemplary embodiments of the present invention, the holes 311e are angled such that the centerlines of
each of the respective holes 311e are have an angle in the range of 15 to 75 degrees relative to the centerline of the
ring 311. In other embodiments, the angle is in the range of 25 to 60. In exemplary embodiments, the holes 311e are
formed such that, while they are angled to the centerline of the ring 311 they are oriented such that their respective
centerlines lie in a plane cutting through the ring 311 at the centerline of the holes 311e. That is, all of the holes centerlines
are co-planar. However, in other exemplary embodiments, the holes 311e can also be angled such that their centerlines
are not co-planar. That is, in some embodiments, the hole centerlines are angled towards the end bottom end of the
ring 311 (i.e., angled towards the end of the torch). Such embodiments will impart both a swirl flow to the gas flow, but
also project the gas flow downward.
[0029] Much like the holes 311d in the upper rows, the holes 311e in the lower rows can have the same geometry
and orientation, and there can be the same number of holes in each of the respective rows. However, in other exemplary
embodiments, this need not be the case. For example, in some embodiments the holes 311e can have different diameters
and/or cross-sections. Further, embodiments can utilize a different number of holes in each of the respective rows.
Additionally, the angling of the holes can be varied, where a first grouping of holes 311e has a first angle relative to the
ring centerline, and a second group of holes 311e has a second angle relative to the ring centerline. Further, in even
other exemplary embodiments the holes 311e can have different orientations, where some holes are angled down and
other are not, and can be angled down at a different angle. As an example, every other hole 311e within each respective
row can have a different geometry/orientation, or the holes 311e in one row (the row adjacent the upper rows) can have
a first geometry/orientation, while the holes 311e in the most distal row (away from the upper holes) can have a second
geometry/orientation. As another example, in some exemplary embodiments, the lowest row of holes 311e (closet to
the bottom of the ring 311) are angled both radially and downwardly, whereas the adjacent row of holes 311e are only
angled radially. Of course the opposite configuration can also be used. Thus, embodiments of the present invention
allow for the gas flow to be optimized - which greatly improves the performance of the torch and the stability of the
plasma jet.
[0030] Figure 8 depicts an exemplary comparison between the performance of a known torch and an exemplary torch
of the present invention. As can be seen, various advantages can be achieved with embodiments of the present invention.
For example, As shown with the prior art torch, the primary jet of the plasma core is very short and there is an abrupt
gas expansion and high heat concentration at the exit of the nozzle. Further, because the shield gas exits the shield cap
remote from the nozzle exit an eddy can be created in the region between the shield gas and the nozzle jet. This eddy
can cause molten spatter to be retained in this region long enough to be adhered to the surface of the nozzle - ultimately
causing early failure of the torch and its components, or otherwise degrading the cutting operation. This is to be compared
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to an exemplary torch of the present invention (right side). As shown, there is a more controlled exist velocity at the exit
of the nozzle and little or no heat concentration at the exit of the nozzle and the primary jet core is considerably longer.
This allows for more stable and consistent cutting of high thickness materials. Further, there is no eddy region which
will allow spatter to be adhered to the nozzle 313.
[0031] Therefore, various embodiments of the present invention, provide an improved air cooled, retract type cutting
torch which can provide more precision for a longer period of type and a larger number of start cycles. For example, in
embodiments of the present invention which use a cutting current in the range of 40 to 100 amps, embodiments of the
present invention can more than double the number of arc starts that can occur before an arc start failure occurs. This
represents a significant improvement over known air cooled torch configurations.
[0032] The scope of the invention is defined by the claims.

REFERENCE NUMBERS
10 power supply 215a (projection) portion
12 housing 217a cap assembly
14 torch assembly 217b cap assembly
16 front side 217c cap assembly
18 torch end 300 torch head
20 user input device 305 electrode
22 connector 305a thread portion
23 mating connector 305b securing portion
24 house portion 305c (cylindrical) portion
100 cutting system 305d (end) portion
200 torch (head) 305e (nut) portion
200a torch (head) 305f (seat) portion
201 connector 305g end face / (surface) portion
203 cathode body 307 insert
205 electrode / nozzle 311 swil ring
205a portion 311a upper region
205b center portion 311b lower region
205c cylindrical portion 311c channel
205d portion / distal end 311d hole
207 insert 311e hole
209 isolator structure 311f cavity
211 swirl ring 313 nozzle
213 nozzle 313a (end) portion
213a (projection) portion 313b (cylindrical) portion
213b throat 313c (tip) portion
215 shield/ cap 313d throat
313e (inlet) portion 315g (expansion) portion
313f (throat) portion 315h (surface) portion
313g (expansion) portion 319 gas flow port
313h (surface) portion A angle
313i cavity B angle
313z heat band D diameter
315 cap D’ diameter
315a (end) portion G gap
315b (cylindrical) portion L length
315c (tip) portion Y end
315d end surface/ throat X end
315e opening
315f (surface) portion
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Claims

1. A swirl ring ( 311) for an air cooled plasma cutting torch (200, 300), said ring (311) comprising:

an upstream portion (311a) having an outer surface and an inner cavity (311f), and
a downstream portion (311b) having an outer surface and an inner cavity,
wherein said outer surface of said upstream portion has an outer diameter which is larger than an outer diameter
of said outer surface of said downstream portion;
wherein said upstream portion has a plurality of channels (311c) formed in said outer surface of said upstream
portion which extend along a length of said upstream portion; and
wherein said downstream portion has a plurality of holes (311d,311e) which extend from said outer surface of
said downstream portion to said inner cavity of said downstream portion, wherein said plurality of holes are
comprised of a first type of holes (311d), each of which having a centerline which extends through the centerline
of said downstream portion such that the centerline of said first type of holes is normal to the centerline of the
downstream portion, and a second type of holes (311e) each of which having a centerline which is angled
relative to said centerline of said downstream portion.

2. The swirl ring ( 311) of claim 1, wherein said plurality of channels run along an entire length of said upstream portion,
and/or wherein said channels are angled with respect to said centerline of said downstream portion.

3. The swirl ring ( 311) of claim 1 or 2, wherein said downstream portion has at least two rows of said first type of said
holes and at least two rows of said second type of said holes.

4. The swirl ring ( 311) of any of the claims 1 to 3, wherein said first type of holes has a first amount of holes with a
first diameter and a second amount of holes with a second diameter.

5. The swirl ring ( 311) of any of the claims 1 to 4, wherein said second type of holes is angled with respect to said
centerline of said downstream portion by an angle in the range of 15 to 75 degrees, preferably by an angle in the
range of 25 to 60 degrees.

6. The swirl ring ( 311) of any of the claims 1 to 5, wherein the centerlines of each of said second type of holes are
coplanar with respect to each other.

7. The swirl ring ( 311) of any of the claims 1 to 6, wherein said second type of holes has a first amount of holes with
a first diameter and a second amount of holes with a second diameter.

8. The swirl ring (311) of any of claims 1 to 7, wherein said second type of holes is distributed in at least two rows with
the centerlines of said second type of holes in a first of said rows having a first orientation relative to said centerline
of said downstream portion and the centerlines of said second type of holes in a second of said rows having a
second orientation relative to said centerline of said downstream portion.

9. An air cooled plasma torch (200, 300), said torch comprising:

an electrode (205, 305) having a hafnium insert (207, 307) from which a plasma jet is originated for cutting a
workpiece;
a nozzle (213, 313) having a cylindrical portion with a cavity and a conical shaped downstream portion with a
throat at a distal end of said downstream portion, where said electrode (205, 305) is inserted into said cavity
such that said plasma jet is directed through said throat, and
a swirl ring ( 311) having an upstream portion having an outer surface and an inner cavity, and a downstream
portion having an outer surface and an inner cavity, where said electrode (205, 305) is inserted through each
of said upstream portion inner cavity and said downstream portion inner cavity,
wherein said outer surface of said upstream portion has an outer diameter which is larger than an outer diameter
of said outer surface of said downstream portion;
wherein said upstream portion has a plurality of channels formed in said outer surface of said upstream portion
which extend along a length of said upstream portion; and
wherein said downstream portion has a plurality of holes which extend from said outer surface of said downstream
portion to said inner cavity of said downstream portion, where said plurality of holes are comprised of a first
type of said holes, each of which having a centerline which extends through the centerline of said downstream
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portion such that the centerlines of said first type of holes are normal to the centerline of the downstream portion,
and a second type of holes the centerlines of which are angled relative to said centerline of said downstream
portion.

10. The torch (200, 300) of claim 9, wherein said plurality of channels run along an entire length of said upstream portion,
and/or wherein said channels are angled with respect to said centerline of said downstream portion.

11. The torch (200, 300) of claim 9 or 10, wherein said downstream portion has at least two rows of said first type of
said holes and at least two rows of said second type of said holes.

12. The torch (200, 300) of any of the claims 9 to 11, wherein said first type of holes has a first amount of holes with a
first diameter and a second amount of holes with a second diameter.

13. The torch (200, 300) of any of the claims 9 to 12, wherein said second type of holes is angled with respect to said
centerline of said downstream portion by an angle in the range of 15 to 75 degrees, preferably by an angle in the
range of 25 to 60 degrees.

14. The torch (200, 300) of any of the claims 9 to 13, wherein the centerlines of each of said second type of holes are
coplanar with respect to each other.

15. The torch (200, 300) of any of the claims 9 to 14, wherein said second type of holes has a first amount of holes with
a first diameter and a second amount of holes with a second diameter.

16. The torch (200, 300) of any of the claim 9 to 15, wherein said second type of holes is distributed in at least two rows
with the centerlines of said second type of holes in a first of said rows having a first orientation relative to said
centerline of said downstream portion and the centerlines of said second type of holes in a second of said rows
having a second orientation relative to said centerline of said downstream portion.

Patentansprüche

1. Drallring (311) für einen luftgekühlten Plasmaschneidbrenner (200, 300), wobei der Ring (311) umfasst:

einen stromaufwärtigen Abschnitt (311a) mit einer Außenfläche und einem inneren Hohlraum (311f) und
einen stromabwärtigen Abschnitt (311b) mit einer Außenfläche und einem inneren Hohlraum,
wobei die Außenfläche des stromaufwärtigen Abschnitts einen Außendurchmesser aufweist, der größer ist als
ein Außendurchmesser der Außenfläche des stromabwärtigen Abschnitts;
wobei der stromaufwärtige Abschnitt mehrere Kanäle (311c) aufweist, die in der Außenfläche des stromauf-
wärtigen Abschnitts ausgebildet sind und sich entlang einer Länge des stromaufwärtigen Abschnitts erstrecken;
und
wobei der stromabwärtige Abschnitt mehrere Löcher (311d, 311e) aufweist, die sich von der Außenfläche des
stromabwärtigen Abschnitts zu dem inneren Hohlraum des stromabwärtigen Abschnitts erstrecken,
wobei die mehreren Löcher einen ersten Typ von Löchern (311d) umfassen, die jeweils eine Mittellinie aufweisen,
die sich durch die Mittellinie des stromabwärtigen Abschnitts erstreckt, dergestalt, dass die Mittellinie des ersten
Typs von Löchern senkrecht zur Mittellinie des stromabwärtigen Abschnitts verläuft, und einen zweiten Typ von
Löchern (311e) umfassen, die jeweils eine Mittellinie aufweisen, die relativ zur Mittellinie des stromabwärtigen
Abschnitts gewinkelt ist.

2. Drallring (311) nach Anspruch 1, wobei die mehreren Kanäle entlang einer gesamten Länge des stromaufwärtigen
Abschnitts verlaufen, und/oder wobei die Kanäle in Bezug auf die Mittellinie des stromabwärtigen Abschnitts ge-
winkelt sind.

3. Drallring (311) nach Anspruch 1 oder 2, wobei der stromabwärtige Abschnitt mindestens zwei Reihen des ersten
Typs der Löcher und mindestens zwei Reihen des zweiten Typs der Löcher aufweist.

4. Drallring (311) nach einem der Ansprüche 1 bis 3, wobei die erste Art von Löchern eine erste Anzahl von Löchern
mit einem ersten Durchmesser und eine zweite Anzahl von Löchern mit einem zweiten Durchmesser aufweist.
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5. Drallring (311) nach einem der Ansprüche 1 bis 4, wobei der zweite Typ von Löchern in Bezug auf die Mittellinie
des stromabwärtigen Abschnitts um einen Winkel im Bereich von 15 bis 75 Grad, bevorzugt um einen Winkel im
Bereich von 25 bis 60 Grad, gewinkelt ist.

6. Drallring (311) nach einem der Ansprüche 1 bis 5, wobei die Mittellinien jedes des zweiten Typs von Löchern in
Bezug aufeinander koplanar verlaufen.

7. Drallring (311) nach einem der Ansprüche 1 bis 6, wobei die zweite Art von Löchern eine erste Anzahl von Löchern
mit einem ersten Durchmesser und eine zweite Anzahl von Löchern mit einem zweiten Durchmesser aufweist.

8. Drallring (311) nach einem der Ansprüche 1 bis 7, wobei der zweite Typ von Löchern in mindestens zwei Reihen
verteilt ist, wobei die Mittellinien des zweiten Typs von Löchern in einer ersten der Reihen eine erste Orientierung
relativ zu der Mittellinie des stromabwärtigen Abschnitts aufweisen und die Mittellinien des zweiten Typs von Löchern
in einer zweiten der Reihen eine zweite Orientierung relativ zu der Mittellinie des stromabwärtigen Abschnitts auf-
weisen.

9. Luftgekühlter Plasmabrenner (200, 300), wobei der Brenner umfasst:

eine Elektrode (205, 305) mit einem Hafnium-Einsatz (207, 307), von dem ein Plasmastrahl zum Schneiden
eines Werkstücks ausgesendet wird;
eine Düse (213, 313), die einen zylindrischen Abschnitt mit einem Hohlraum und einen konisch geformten
stromabwärtigen Abschnitt mit einer Verengung an einem distalen Ende des stromabwärtigen Abschnitts auf-
weist, wobei die Elektrode (205, 305) so in den Hohlraum eingeführt ist, dass der Plasmastrahl durch die
Verengung hindurch gerichtet wird, und
einen Drallring (311), der einen stromaufwärtigen Abschnitt mit einer Außenfläche und einem inneren Hohlraum
aufweist, und einen stromabwärtigen Abschnitt mit einer Außenfläche und einem inneren Hohlraum aufweist,
wobei die Elektrode (205, 305) sowohl durch den inneren Hohlraum des stromaufwärtigen Abschnitts als auch
durch den inneren Hohlraum des stromabwärtigen Abschnitts eingeführt ist,
wobei die Außenfläche des stromaufwärtigen Abschnitts einen Außendurchmesser aufweist, der größer ist als
ein Außendurchmesser der Außenfläche des stromabwärtigen Abschnitts;
wobei der stromaufwärtige Abschnitt mehrere Kanäle aufweist, die in der Außenfläche des stromaufwärtigen
Abschnitts ausgebildet sind und sich entlang einer Länge des stromaufwärtigen Abschnitts erstrecken; und
wobei der stromabwärtige Abschnitt mehrere Löcher aufweist, die sich von der Außenfläche des stromabwär-
tigen Abschnitts zu dem inneren Hohlraum des stromabwärtigen Abschnitts erstrecken, wobei die mehreren
Löcher einen ersten Typ der Löcher umfassen, die jeweils eine Mittellinie aufweisen, die sich durch die Mittellinie
des stromabwärtigen Abschnitts erstreckt, dergestalt, dass die Mittellinien des ersten Typs von Löchern senk-
recht zu der Mittellinie des stromabwärtigen Abschnitts verlaufen, und einen zweiten Typ der Löcher umfassen,
deren Mittellinien relativ zu der Mittellinie des stromabwärtigen Abschnitts gewinkelt sind.

10. Brenner (200, 300) nach Anspruch 9, wobei die mehreren Kanäle entlang einer gesamten Länge des stromaufwär-
tigen Abschnitts verlaufen, und/oder wobei die Kanäle in Bezug auf die Mittellinie des stromabwärtigen Abschnitts
gewinkelt sind.

11. Brenner (200, 300) nach Anspruch 9 oder 10, wobei der stromabwärtige Abschnitt mindestens zwei Reihen des
ersten Typs der Löcher und mindestens zwei Reihen des zweiten Typs der Löcher aufweist.

12. Brenner (200, 300) nach einem der Ansprüche 9 bis 11, wobei die erste Art von Löchern eine erste Anzahl von
Löchern mit einem ersten Durchmesser und eine zweite Anzahl von Löchern mit einem zweiten Durchmesser
aufweist.

13. Brenner (200, 300) nach einem der Ansprüche 9 bis 12, wobei der zweite Typ von Löchern in Bezug auf die Mittellinie
des stromabwärtigen Abschnitts um einen Winkel im Bereich von 15 bis 75 Grad, bevorzugt um einen Winkel im
Bereich von 25 bis 60 Grad, gewinkelt ist.

14. Brenner (200, 300) nach einem der Ansprüche 9 bis 13, wobei die Mittellinien jedes des zweiten Typs von Löchern
in Bezug aufeinander koplanar verlaufen.

15. Brenner (200, 300) nach einem der Ansprüche 9 bis 14, wobei die zweite Art von Löchern eine erste Anzahl von
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Löchern mit einem ersten Durchmesser und eine zweite Anzahl von Löchern mit einem zweiten Durchmesser
aufweist.

16. Brenner (200, 300) nach einem der Ansprüche 9 bis 15, wobei der zweite Typ von Löchern in mindestens zwei
Reihen verteilt ist, wobei die Mittellinien des zweiten Typs von Löchern in einer ersten der Reihen eine erste Ori-
entierung relativ zu der Mittellinie des stromabwärtigen Abschnitts aufweisen und die Mittellinien des zweiten Typs
von Löchern in einer zweiten der Reihen eine zweite Orientierung relativ zu der Mittellinie des stromabwärtigen
Abschnitts aufweisen.

Revendications

1. Anneau tourbillonnaire (311) pour un chalumeau coupeur à plasma refroidi par air (200, 300), ledit anneau (311)
comprenant :

une portion en amont (311a) ayant une surface extérieure et une cavité intérieure (311f), et
une portion en aval (311b) ayant une surface extérieure et une cavité intérieure,
dans lequel ladite surface extérieure de ladite portion en amont a un diamètre extérieur qui est plus grand qu’un
diamètre extérieur de ladite surface extérieure de ladite portion en aval ;
dans lequel ladite portion en amont a une pluralité de canaux (311c) formés dans ladite surface extérieure de
ladite portion en amont qui s’étendent sur une longueur de ladite portion en amont ; et
dans lequel ladite portion en aval a une pluralité de trous (311d, 311e) qui s’étendent depuis ladite surface
extérieure de ladite portion en aval jusqu’à ladite cavité intérieure de ladite portion en aval,
dans lequel ladite pluralité de trous sont constitués d’un premier type de trous (311d), chacun d’eux ayant une
ligne centrale qui s’étend à travers la ligne centrale de ladite portion en aval de sorte que la ligne centrale dudit
premier type de trous soit normale à la ligne centrale de la portion en aval, et d’un deuxième type de trous
(311e), chacun d’eux ayant une ligne centrale qui est inclinée par rapport à ladite ligne centrale de ladite portion
en aval.

2. Anneau tourbillonnaire (311) selon la revendication 1, dans lequel ladite pluralité de canaux s’étendent sur toute la
longueur de ladite portion en amont, et/ou dans lequel lesdits canaux sont inclinés par rapport à ladite ligne centrale
de ladite portion en aval.

3. Anneau tourbillonnaire (311) selon la revendication 1 ou 2, dans lequel ladite portion en aval a au moins deux
rangées dudit premier type desdits trous et au moins deux rangées dudit deuxième type desdits trous.

4. Anneau tourbillonnaire (311) selon l’une quelconque des revendications 1 à 3, dans lequel ledit premier type de
trous a une première quantité de trous d’un premier diamètre et une deuxième quantité de trous d’un deuxième
diamètre.

5. Anneau tourbillonnaire (311) selon l’une quelconque des revendications 1 à 4, dans lequel ledit deuxième type de
trous est incliné par rapport à ladite ligne centrale de ladite portion en aval d’un angle dans la plage de 15 à 75
degrés, de préférence d’un angle dans la plage de 25 à 60 degrés.

6. Anneau tourbillonnaire (311) selon l’une quelconque des revendications 1 à 5, dans lequel les lignes centrales de
chacun dudit deuxième type de trous sont dans le même plan.

7. Anneau tourbillonnaire (311) selon l’une quelconque des revendications 1 à 6, dans lequel ledit deuxième type de
trous a une première quantité de trous d’un premier diamètre et une deuxième quantité de trous d’un deuxième
diamètre.

8. Anneau tourbillonnaire (311) selon l’une quelconque des revendications 1 à 7, dans lequel ledit deuxième type de
trous est réparti dans au moins deux rangées avec les lignes centrales dudit deuxième type de trous dans une
première desdites rangées ayant une première orientation par rapport à ladite ligne centrale de ladite portion en
aval et les lignes centrales dudit deuxième type de trous dans une deuxième desdites rangées ayant une deuxième
orientation par rapport à ladite ligne centrale de ladite portion en aval.

9. Chalumeau à plasma refroidi par air (200, 300), ledit chalumeau comprenant :
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une électrode (205, 305) ayant un insert en hafnium (207, 307) duquel provient un jet de plasma pour découper
une pièce d’ouvrage ;
une buse (213, 313) ayant une portion cylindrique avec une cavité et une portion en aval de forme conique
avec une gorge à une extrémité distale de ladite portion en aval, où ladite électrode (205, 305) est insérée dans
ladite cavité de sorte que ledit jet de plasma soit dirigé à travers ladite gorge, et
un anneau tourbillonnaire (311) ayant une portion en amont ayant une surface extérieure et une cavité intérieure,
et une portion en aval ayant une surface extérieure et une cavité intérieure, où ladite électrode (205, 305) est
insérée à travers chacune de ladite cavité intérieure de portion en amont et ladite cavité intérieure de portion
en aval,
dans lequel ladite surface extérieure de ladite portion en amont a un diamètre extérieur qui est plus grand qu’un
diamètre extérieur de ladite surface extérieure de ladite portion en aval ;
dans lequel ladite portion en amont a une pluralité de canaux formés dans ladite surface extérieure de ladite
portion en amont qui s’étendent sur une longueur de ladite portion en amont ; et
dans lequel ladite portion en aval a une pluralité de trous qui s’étendent depuis ladite surface extérieure de
ladite portion en aval jusqu’à ladite cavité intérieure de ladite portion en aval, où ladite pluralité de trous sont
constitués d’un premier type desdits trous, chacun d’eux ayant une ligne centrale qui s’étend à travers la ligne
centrale de ladite portion en aval de sorte que les lignes centrales dudit premier type de trous soient normales
à la ligne centrale de la portion en aval, et d’un deuxième type de trous dont les lignes centrales sont inclinées
par rapport à ladite ligne centrale de ladite portion en aval.

10. Chalumeau (200, 300) selon la revendication 9, dans lequel ladite pluralité de canaux s’étendent sur toute la longueur
de ladite portion en amont, et/ou dans lequel lesdits canaux sont inclinés par rapport à ladite ligne centrale de ladite
portion en aval.

11. Chalumeau (200, 300) selon la revendication 9 ou 10, dans lequel ladite portion en aval a au moins deux rangées
dudit premier type desdits trous et au moins deux rangées dudit deuxième type desdits trous.

12. Chalumeau (200, 300) selon l’une quelconque des revendications 9 à 11, dans lequel ledit premier type de trous a
une première quantité de trous d’un premier diamètre et une deuxième quantité de trous d’un deuxième diamètre.

13. Chalumeau (200, 300) selon l’une quelconque des revendications 9 à 12, dans lequel ledit deuxième type de trous
est incliné par rapport à ladite ligne centrale de ladite portion en aval d’un angle dans la plage de 15 à 75 degrés,
de préférence d’un angle dans la plage de 25 à 60 degrés.

14. Chalumeau (200, 300) selon l’une quelconque des revendications 9 à 13, dans lequel les lignes centrales de chacun
dudit deuxième type de trous sont dans le même plan.

15. Chalumeau (200, 300) selon l’une quelconque des revendications 9 à 14, dans lequel ledit deuxième type de trous
a une première quantité de trous d’un premier diamètre et une deuxième quantité de trous d’un deuxième diamètre.

16. Chalumeau (200, 300) selon l’une quelconque des revendications 9 à 15, dans lequel ledit deuxième type de trous
est réparti dans au moins deux rangées avec les lignes centrales dudit deuxième type de trous dans une première
desdites rangées ayant une première orientation par rapport à ladite ligne centrale de ladite portion en aval et les
lignes centrales dudit deuxième type de trous dans une deuxième desdites rangées ayant une deuxième orientation
par rapport à ladite ligne centrale de ladite portion en aval.
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