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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to a torch tip assembly of a plasma arc torch that includes at least one
bore or a counter bore having a non-circular cross section.

BACKGROUND OF THE INVENTION

[0002] Thermal processing torches, such as plasma arc torches, are widely used in the heating, cutting, gouging and
marking of materials. A plasma arc torch generally includes an electrode, a nozzle having a central exit orifice mounted
within a torch body, electrical connections, passages for cooling, and passages for arc control fluids (e.g., plasma gas).
Optionally, a swirl ring is employed to control fluid flow patterns in the plasma chamber formed between the electrode and
the nozzle. In some torches, a retaining cap can be used to maintain the nozzle and/or swirl ring in the plasma arc torch. In
operation, the torch produces a plasma arc, which is a constricted jet of an ionized gas with high temperature and sufficient
momentum to assist with removal of molten metal.

[0003] Gougingof conductive (e.g., metallic) materials is often needed for a number of material processing applications
and products. These gouges typically form troughs/channels in the workpiece by removing materials to a certain desired
depth. A gouging process can also be used to remove welds that contain known process defects or fractures. In today’s
gouging operations with typical plasma arc torches having a circular bore, the width of a gouge is limited by plasma
processing, such as by standoff, amperage, and process speed. Thus, to make a wider gouge, a traditional plasma arc
torch needs to pass over a workpiece a number of times, essentially forming a series of connected channels with similar
depth. Further, some operators and systems oscillate the torch during gouge processing to widen the affected area while
maintaining depth control. However, repeated torch passing and/or torch oscillation are like to produce inconsistent
surface textures (e.g., scalloped and/or ribbed features), require skilled operators and/or complex machinery to achieve,
and be time consuming. Even though automated torch oscillation may minimize surface texture variations, it greatly
increases processing time because high oscillation to low linear travel speed ratio is often needed to avoid the variations.
[0004] Therefore, there is a need to design torches and torch consumables that can produce a wide gouge profile in the
workpiece (e.g., the width substantially greater than the depth) during a single pass of the torch over the workpiece and/or
without torch oscillation.

[0005] An example of a nozzle of a plasma arc torch configured to perform a wide gouge profile on a workpiece is
disclosed in GB 845410 A.

[0006] EP 0304855 A1 discloses a nozzle of a plasma torch adapted to perform a wide soldering profile on a workpiece.

SUMMARY OF THE INVENTION

[0007] The present invention provides a torch tip assembly design that allows a gouge profile to be created in the
workpiece having a width substantially wider than its depth (e.g., greater than about a 3-to-1 ratio) from a single-pass
gouge operation and/or without oscillation. The torch tip assembly includes a non-circular bore and/or a non-circular
counter bore that may be positioned at specific orientations to achieve the desired gouge profile.

[0008] The invention provides a torch tip assembly of a plasma arc torch according to claim 1. Further advantageous
embodiments are disclosed in the dependent claims.

[0009] Itshould also be understood that various aspects and embodiments of the invention can be combined in various
ways. Based on the teachings of this specification, a person of ordinary skill in the art can readily determine how to combine
these various embodiments. It remains, that the scope of the invention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Theadvantages oftheinventiondescribed above, together with further advantages, may be better understood by
referring to the following description taken in conjunction with the accompanying drawings. The drawings are not
necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the invention.

FIG. 1 shows an exemplary plasma arc torch for cutting a workpiece.

FIGS. 2A and 2B show various perspectives of an exemplary nozzle configuration of FIG. 1.
FIG. 3 shows another perspective of the exemplary nozzle of FIGS. 2A and 2B.

FIG. 4 shows an exemplary alignment surface of the nozzle of FIGS. 2A and 2B.

FIGS. 5A-C show various perspectives of another exemplary nozzle configuration.

FIG. 6 shows another exemplary plasma arc torch for cutting a workpiece.
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FIGS. 7A and 7B show various perspectives of an exemplary nozzle configuration of FIG. 6.

FIG. 8 shows another perspective of the exemplary nozzle of FIGS. 7A and 7B.

FIG. 9 shows another exemplary nozzle configuration.

FIG. 10 generally depicts an exemplary consumable set of a plasma arc torch with multiple interfaces configured to
couple consumables at specific radial orientations to support asymmetric torch features.

FIG. 11 shows an exemplary plasma arc torch comprising the elements of FIG. 10 for orienting asymmetric torch
features.

FIG. 12 shows a sectional view of an exemplary consumable cartridge with asymmetric features that require clocked
radial orientation relative to the plasma processing interface of FIG. 10.

FIG. 13 shows a view of the proximal end of the cartridge frame of the cartridge of FIG. 12.

FIG. 14 shows an exemplary design of the plasma processing interface of FIG. 10 thatincludes various electrical, gas
and liquid openings corresponding to the openings at the proximal end of the cartridge frame of FIG. 13.

FIG. 15 shows an exemplary design of the consumable tip of FIG. 10 that is implemented in the plasma arc torch of
FIG. 1.

FIGS. 16a and b show a top view and a cut-away view, respectively, of an exemplary asymmetric nozzle that can be
used as the consumable tip of FIG. 10 to perform either a cutting or gouging operation.

FIG. 17 shows an isometric view of the plasma arc torch of FIG. 11 fully assembled.

FIG. 18 shows an exemplary process for assembling the consumable set of FIG. 10 to a torch body.

FIGs. 19a-c show nozzles of various configurations that are used to generate characteristics of the gouging profiles
presented in Table 1.

DETAILED DESCRIPTION OF THE INVENTION

[0011] FIG. 1 shows an exemplary plasma arc torch 200 for cutting a workpiece according to some embodiments of the
present technology. The plasma arc torch 200 includes a torch body 202 and a torch tip 204. The torch tip 204 includes
multiple consumables, for example, an electrode 205, a nozzle 210, a retaining cap 215 and a swirl ring 220. The torch tip
204 can also include a shield (not shown). The torch body 202, which has a generally cylindrical shape, supports the
electrode 205 and the nozzle 210. The nozzle 210 is spaced from the electrode 205 and has a central exit orifice 225
mounted within the torch body 202. The swirl ring 220 is mounted to the torch body 202 and has a set of radially offset or
canted gas distribution holes 227 that impart a tangential velocity component to the plasma gas flow, causing the plasma
gas flow to swirl. If a shield is present, the shield includes a shield exit orifice and is connected (e.g., threaded) to the
retaining cap 215. The retaining cap 215 as shown is an inner retaining cap securely connected (e.g., threaded) to the torch
body 202. In some embodiments, an outer retaining cap (not shown) is secured relative to the shield. The torch 200 can
additionally include electrical connections, passages for cooling, passages for arc control fluids (e.g., plasma gas), and a
power supply. In some embodiments, the consumables include a welding tip, which is a nozzle for passing an ignited
welding gas.

[0012] Inoperation, aplasma gas flows through a gasinlettube (not shown) and the gas distribution holes 227 in the swirl
ring 220. From there, the plasma gas flows into a plasma chamber 228 and out of the torch 200 through the exit orifice 225
of the nozzle 210 that constricts the plasma gas flow. A pilot arc is first generated between the electrode 205 and the nozzle
210. The pilot arcionizes the gas passing through the nozzle exit orifice 225. The arc then transfers from the nozzle 210to a
workpiece 230 for thermally processing (e.g., cutting or welding) the workpiece 230. In some embodiments, the nozzle 210
is suitably configured to be positioned as close as possible to an inner corner of the workpiece 230 created by a protruding
flange 232 and a horizontal portion 234. The nozzle 210 can guide a plasma gas flow through the exit orifice 225 such that
the plasma gas impinges orthogonally on the flange 232 as the plasma gas exits from the orifice 225, thereby cutting the
flange 232 from the workpiece 230 along the path 237. It is noted that the illustrated details of the torch 200, including the
arrangement of the components, the direction of gas and cooling fluid flows, and the electrical connections, can take a
variety of forms. In addition, even though the flange 232 and the horizontal portion 234 of the inner corner are illustrated as
being perpendicular to each other, the two portions of the workpiece 230 can be oriented at any angle and the nozzle 210
can be suitably configured to perform flush cutting in the resulting inner corner.

[0013] FIGS.2Aand 2B show various perspectives of an exemplary configuration of the nozzle 210 designed to facilitate
inner-corner flush cutting operations. The nozzle 210 includes a nozzle body 250 defining a longitudinal axis A extending
therethrough. Aninterior surface 252 of the nozzle 210 can be rotationally symmetrical about the longitudinal axis A while
the exterior of the nozzle body 250 can be rotationally asymmetric about the longitudinal axis A. The nozzle exit orifice 225,
disposed in the nozzle body 210, defines an exit orifice axis B extending longitudinally along the length of the nozzle exit
orifice 225 from an interior opening 225b to an exterior opening 225a. The exit orifice axis B can be oriented at a non-zero
angle relative to the longitudinal axis A. That is, the nozzle exit orifice 225 can be rotationally asymmetric about the
longitudinal axis A. The nozzle exit orifice 225 is configured to introduce a plasma arc flow from the interior opening 225b,
which is in fluid communication with the interior surface 252 of the nozzle 210, to a workpiece through the exterior opening
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225a. Even though the nozzle exit orifice 225 is shown as being substantially straight, in other embodiments, the nozzle
exit orifice 225 can be curved or have a sequence of non-parallel segments.

[0014] Inaddition, the nozzle 210 includes an alignment surface 254 disposed on the exterior surface of the nozzle body
250. The alignment surface 254 can be generally parallel to the exit orifice axis B, such as exactly parallel to the exit orifice
axis B or within about 10 degrees from being parallel to the exit orifice axis B. During torch operation, the alignment surface
254 is dimensioned to lay substantially flush against a guiding surface 236 on the horizontal portion 234 of the workpiece
230, which is a surface that is not being cut by the plasma arc and is used instead to guide and/or position the torch for
enhanced flush cutting of the flange 232. Specifically, the alignment surface 254 of the nozzle 210, upon being laid upon the
guiding surface 236 of the horizontal portion 234, aligns the external end 225a of the nozzle exit orifice 225 against the
processing surface 238 of the flange 232 such that a plasma arc impinges orthogonally onto the processing surface 238
and into the flange 232 along the cut path 237. In some embodiments, the longitudinal axis A of the nozzle body is oriented
atan acute angle relative to the alignment surface 254, such as at a 60-degree angle relative to the alignment surface 254.
As shown in FIG. 1, the processing surface 238 and the guiding surface 236 of the workpiece 230 are angled relative to
each other to form the inner corner of the workpiece 230. Even though the guiding surface 236 is illustrated as a portion of
the workpiece 234, in other embodiments, the guiding surface 236 is a portion of a separate template (not shown) used to
guide the torch 200 into position. For example, the separate template, which includes the guiding surface 236, can be
attached to the torch 200 and/or the workpiece 234 for positioning the torch 200 to perform flush cutting.

[0015] Insome embodiments, a distance 260 between the center of the exterior opening 225a of the nozzle exit orifice
225 and the alignment surface 254 is less than or equal toabout 12.7 mm, 6.35 mm, or2.54 mm (0.5 inches, 0.25 inches, or
0.1inches). This distance controls how close the cut path 237 is to the horizontal portion 234 of the workpiece 230. Hence,
the smaller the distance 260, the closer the plasma arc torch cuts to the base of the flange 232 from the horizontal portion
234.

[0016] In addition to the (first) alignment surface 254, the nozzle 210 can also include a second alignment surface 256
angled relative to the alignment surface 254 and a curved surface 258 that interconnects the two alignment surfaces.
During torch operation, the second alignment surface 256, in cooperation with the alignment surface 254, enhances
orthogonal impingement of the plasma arc against the processing surface 238 of the flange 232. For example, the second
alignment surface 256 can be oriented at an angle from the alignment surface 254 such that the second alignment surface
256 lays substantially flush against the processing surface 238 of the flange 232 while the alignment surface 254 lays
substantially flush against the guiding surface 236 of the horizontal portion 234. In addition, the curved surface 258 of the
nozzle 210 is configured to inter-fit within the corner created by the processing surface 238 and the guiding surface 236 of
the workpiece 230. The two alignment surfaces of the nozzle 210 ensure that the plasma arc torch is positioned tightly and
securely into the inner corner of the workpiece 230 while a plasma arc is delivered to the processing surface 238 by the
torch 200 via the exterior opening 225a of the nozzle exit orifice 225. As shown in FIGS. 2A and B, the exterior opening
225a of the nozzle exit orifice 225 is located on the second alignment surface 256 of the nozzle 210.

[0017] In some embodiments, the first alignment surface 254 and the second alignment surface 256 are substantially
perpendicular to each other such that the nozzle 210 can be securely positioned into an inner corner of about 90 degrees.
In other embodiments, nozzles with different angles between the alignment surfaces (e.g., 60 degrees, 30degrees and 15
degrees) can be constructed such that an operator can choose the most appropriate nozzle to perform flush cutting in view
of the angle of a given inner corner. In some embodiments, the angle between the first alignment surface 254 and the
second alignment surface 256 of a nozzle 210 is adjustable, such that the operator can adjust one or both of the alignment
surfaces to produce a secure fit of the nozzle 210 into any given corner of a workpiece. For example, adjustments can be
made such that both of the alignment surfaces of the nozzle 210 can contact respect processing surface 238 and guiding
surface 236 of the workpiece 230 during a cutting operation.

[0018] Another approach for illustrating the asymmetric nature of the nozzle 210 is shown in FIG. 3. A plane can be
defined to include the exit orifice axis B, thereby segmenting the nozzle 210 into two portions: 1) a first, smaller portion 280
on one side of plane and 2) a second, larger portion 282 on the other side of the plane. The alignment surface 254 of the
nozzle 210 is located on the external surface of the first portion 280 and can contact the guiding surface 236 of the
workpiece once the torch 200 is positioned into the inner corner of the workpiece. The second alignment surface 256 is
located on the external surface of the second portion 282 and can contact the processing surface 238 of the workpiece
during a cutting operation. The first portion 280 can be about 1/3, 1/4, or 1/5 of the volume of the second portion 282.
[0019] In some embodiments, the contour of the alignment surface 254 of the nozzle 210 has at least a rounded-arc
portion 268, as shown from a top view of the nozzle 210in FIG. 4. The rounded-arc portion 268 can be positioned inaninner
corner created by the intersection of a horizontal portion 234 and a flange 232 of a workpiece 230. The distance from afirst
point 270 on the rounded-arc portion 268 to the center of the exterior opening 225a of the nozzle exit orifice 255 is at least
substantially equal to the distance from a second point 272 on the rounded-arc portion 268 to the center of the exterior
opening 225a. The exterior opening 225a can be located on a second alignment surface 256 of the nozzle 210. Such
equidistance configuration ensures that an operator of the plasma arc torch can predict the location on the workpiece to
which a plasma arc would be delivered prior to initiating the plasma arc operation, thereby allowing the cutting operation to
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be repeatable and predictable. In some embodiments, the second alignment surface 256 is designed to include a similar
rounded-arc portion.

[0020] FIGS.5A-C show various perspectives of another exemplary nozzle 300 that includes three alignment surfaces.
Specifically, the nozzle 300 includes i) a (first) alignment surface 302, ii) a second alignment surface 304 angled relative to
the alignment surface 302, iii) a third alignment surface 306 angled relative to the alignment surface 302 and the second
alignment surface 304; and iv) one or more curved surfaces 310 connecting the three alignment surfaces. The nozzle 300
is configured to perform flush cutting in relation to an inner corner of a workpiece 308 constructed from three surfaces, with
the surface being cut referred to as the processing surface and the remaining two surfaces referred to as the guiding
surfaces. In other embodiments, the guiding surfaces are disposed on one or more separate templates that are attachable
to the workpiece 308 and/or the nozzle 300. In operation, the three alignment surfaces of the nozzle 300, in cooperation
with each other, align the plasma arc to impinge orthogonally on the processing surface of the workpiece 308. Forexample,
the alignment surfaces 302 and 304 can lay substantially flush against the two guiding surfaces of the workpiece 308 while
the alignment surface 306, which includes the exterior opening 225a of the nozzle exit orifice 225, lays substantially flush
against the processing surface of the workpiece 308. The alignment surfaces of the nozzle 300 ensure that the plasma arc
torch is positioned tightly and securely into the inner corner of the workpiece 308 while a plasma arc is delivered to the
processing surface of the workpiece 308 via the exterior opening 225a. In some embodiments, at least one of the
alignment surface 302, the second alignment surface 304, or the third alignment surface 306 has a contour with a rounded-
arc portion, similar to the contour illustrated in FIG. 4.

[0021] In various embodiments, the asymmetric design described with respect to FIGS. 1-5C can be introduced to a
plasma arc torch that includes a shield. In some embodiments, the shield can include at least one of the alignment surface
254 or the second alignment surface 256 describe above with respect to the nozzle 210. In alternative embodiments, the
shield can include at least one of the alignment surface 302, the second alignment surface 304, or the third alignment
surface 306 describe above with respect to the nozzle 300. The asymmetric shield can further include a shield exit orifice
coplanar with the nozzle exit orifice for delivering the plasma arc to impinge on a processing surface of a workpiece. The
asymmetric shield, upon installation into a plasma arc torch, can provide similar functions as the asymmetric nozzle 210 or
300, such as allowing an operator to securely and tightly position the torch into an inner corner of a workpiece created by
two or three workpiece surfaces, while the torch delivers a plasma arc flow to one of the workpiece surfaces. In some
embodiments, the contour of at least one of the alignment surfaces of the asymmetric shield has a rounded-arc portion,
similar to the contour illustrated in FIG. 4.

[0022] In another aspect, a plasma arc torch with a nozzle is provided for making a bevel cut on a workpiece. The torch
can remain perpendicular (e.g., at a fixed 90 degree angle) to the workpiece during the cut operation. Hence, the bevel
feature is provided by the nozzle itself, rather than the angularity of the torch. A template can be provided to guide the torch,
which is useful in situations where an operator desires to make the bevel cut at a consistent angle over a distance. The
plasma arc torch of the present technology can improve the quality of bevel cuts, thereby decreasing the need for
secondary processing work or accessories.

[0023] FIG. 6 shows an exemplary plasma arc torch for cutting a workpiece at a bevel angle, according to some
embodiments of the present technology. The plasma arc torch 400 includes a torch body 402 and a torch tip 404. The torch
tip 404 includes multiple consumables, for example, an electrode 405, a nozzle 410, a retaining cap 415 and a swirl ring
420. The torch tip 404 can also include a shield (not shown). The function and configuration of many components of the
torch 400, including the electrode 405, retaining cap 415 and swirl ring 420, can be substantially similar to the counterpart
components of the plasma torch 200 of FIG. 1.

[0024] As shown in FIG. 6, the nozzle 410 is mounted within the torch body 402 in a spaced relationship from the
electrode 405. The nozzle 410 has a body defining a longitudinal axis 446 extending therethrough and an exit orifice 425. In
operation, a plasma gas flows out of the torch 400 through the exit orifice 425 configured to constrict the plasma gas flow. A
pilot arcis first generated between the electrode 405 and the nozzle 410. The pilot arc ionizes the gas passing through the
nozzle exit orifice 425. The arc then transfers from the nozzle 410 to a workpiece 430 for thermally processing (e.g., cutting)
the workpiece 430. In some embodiments, the nozzle 410 is suitably configured to allow the torch 400 to be positioned
substantially perpendicular to a processing surface 438 of the workpiece 430, where the processing surface 438 is defined
as a substantially flat surface on the workpiece 430 on which the plasma arc delivered by the torch 400 makes the initial
contact. Specifically, the nozzle 410 can guide a plasma gas flow through the exit orifice 425 such that the plasma gas
impinges on the processing surface 438 ata bevel angle 444 relative to the longitudinal axis 446 of the nozzle 410, while the
torch 400 remains substantially perpendicular to the processing surface 438. This operation cuts the workpiece 430 into
two pieces along the path 437. In some embodiments, a template 432 is used to guide and/or position the torch 400 for
enhanced bevel cutting of the workpiece 430, especially over a distance along a lengthwise direction 433 of the workpiece
430.

[0025] FIGS.7Aand7B show various perspectives of an exemplary configuration ofthe nozzle 410 designed to facilitate
bevel cutting. The nozzle 410 includes a nozzle body 450 defining the longitudinal axis 446 extending therethrough. An
interior surface 452 of the nozzle 410 can be rotationally symmetrical about the longitudinal axis 446. The nozzle exit orifice
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425, disposed in the nozzle body 450, defines an exit orifice axis 447 extending longitudinally along the length of the nozzle
exit orifice 425 from an interior opening 425b to an exterior opening 425a. The exit orifice axis 447 can be oriented ata non-
zero bevel angle 444 relative to the longitudinal axis 446. That is, the nozzle exit orifice 425 can be rotationally asymmetric
about the longitudinal axis 446. The non-zero bevel angle 444 can be between about 0 degree and =+ 90 degrees relative to
the longitudinal axis 446, such as between about 20 and about 60 degrees relative to the longitudinal axis 446. An
exemplary bevel angle 444 can be 22.5, 37.5 or 45 degrees. The nozzle exit orifice 425 is configured to introduce a plasma
arc flow from the interior opening 425b, which is in fluid communication with the interior surface 452 of the nozzle 410, to a
workpiece through the exterior opening 425a to cut the workpiece at the non-zero bevel angle 444. Even though the nozzle
exit orifice 425 is shown as being substantially straight, in other embodiments, the nozzle exit orifice 425 can be curved or
have a sequence of non-parallel segments.

[0026] Inaddition,the nozzle 410 includes an alignment surface 454 disposed on the exterior surface of the nozzle body
450. The alignment surface 454 can be generally parallel to the longitudinal axis 446, such as exactly parallel to the
longitudinal axis 446 or within about 10 degrees from being parallel to the longitudinal axis 446. The alignment surface 454
can be substantially planar. In some embodiments, a distance 460 between the center of the exterior opening 425a of the
nozzle exit orifice 425 and the alignment surface 454 is less than or equal to about 12.7 mm, 6.35 mm, or 2.54 mm ( 0.5
inches, 0.25 inches, or 0.1 inches).

[0027] During an exemplary torch operation, the alignment surface 454 is dimensioned to slidingly contact (e.g., lay
substantially flush against) a guiding surface 436 on the template 432, which is a surface used to guide and/or position the
torch 400 for more precise bevel cutting of the workpiece 430, as shown in FIG. 6. Specifically, the alignment surface 454 of
the nozzle 410, upon contacting (e.g., being laid flush against) the guiding surface 436 of the template 432, is adapted to
orient the plasma arc torch 400 substantially perpendicular to the processing surface 438 of the workpiece 430 such that
the external opening 425a of the nozzle exit orifice 425 is aligned against the processing surface 438 of the workpiece 430
to introduce a plasma arc that impinges onto the processing surface 438 at the bevel angle 444 along the cut path 437.
[0028] Insomeembodiments,the guiding surface 436 ofthe template 432 extends along the lengthwise direction 433 for
a specific distance such that an operator can slide the torch 400 against the guiding surface 436 in the lengthwise direction
433 to make a bevel cut at a consistent angle over the distance. In some embodiments, the guiding surface 436 of the
template 432 and/or the alignment surface 454 of the torch 400 include a set of bearings (not shown) to facilitate the sliding
contact between the two surfaces, such as to reduce the amount of friction between the two surfaces. The template 432
can be attached to or integrally constructed with/from workpiece 430 or the torch 400. The template 432 can also be a
separate, stand-alone component.

[0029] In addition to the (first) alignment surface 454, the nozzle 410 can also include a second alignment surface 456
substantially perpendicular to the alignment surface 454 and a curved surface 458 that interconnects the two alignment
surfaces. In some embodiments, the curved surface 458 is absent and the alignment surfaces 454, 456 are perpendi-
cularly connected to each other. During torch operation, the second alignment surface 456, in cooperation with the
alignment surface 454, enhances impingement of the plasma arc against the processing surface 438 of the workpiece 430
at the bevel angle 444. For example, the second alignment surface 456 can be oriented perpendicular to the alignment
surface 454 such that the second alignment surface 456 contacts the processing surface 438 of the workpiece 430 while
the alignment surface 454 contacts the guiding surface 436 of the template 432. The second alignment surface 456 can lay
substantially flush against (i.e., parallel to) the processing surface 438 and substantially perpendicular to the longitudinal
axis 446 of the nozzle 410. The two alignment surfaces of the nozzle 410 ensure that the plasma arc torch 400 is positioned
substantially perpendicularly against the processing surface 438 of the workpiece 430 while a plasma arc is delivered to
the processing surface 238 by the torch 400 via the exterior opening 425a of the nozzle exit orifice 425 at the bevel angle
444. As shown in FIG. 7A, the exterior opening 425a of the nozzle exit orifice 425 is located on the second alignment
surface 456 of the nozzle 410.

[0030] In some embodiments, the contour of the second alignment surface 456 of the nozzle 410 is asymmetric,
including atleast a rounded-arc portion 468 and a straight portion 470, as shown from a top view of the nozzle 410in FIG. 8.
The straight portion 470 can be located on a side of the second alignment surface 456 close to the alignment surface 454. In
operation, the straight portion 470 can be positioned substantially parallel to the guiding surface 436 of the template 432 so
as to be guided by the template 432 during cutting. The nozzle exit orifice 225 can be angled such that the plasma arc path
437 is directed toward the straight portion 370 (i.e., the alignment surface 454) as the plasma arc exits the exterior opening
425a located on the second alignment surface 456. In some embodiments, the exterior opening 425a is located off-
centered on the second alignment surface 456 (i.e., closer to the straight portion 470 than to the rounded-arc portion 468).
This off-centered feature allows the plasma arc to be more easily imparted at a bevel angle closer to the straight portion
470. In contrast, the interior opening 425b (as shown in FIG. 7A) can be centered relative to the nozzle body 450 so as to
align with the hafnium insert 406 in the electrode 405. In some embodiments, the use of the template 432 is optional. When
the second alignment surface 456 allows the plasma arc torch 400 to be more easily and securely positioned perpendicular
to the processing surface 438 of the workpiece 430, the template 432 may not be needed, especially if the distance of the
bevel cut in the lengthwise direction 433 is relatively short.
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[0031] FIG. 9 shows another exemplary nozzle 500 that includes three alignment surfaces. Specifically, the nozzle 500
includes i) a (first) planar alignment surface 502, ii) a second planar alignment surface 504 oriented substantially
perpendicular to the alignment surface 502 and adapted to contact the processing surface 438 of the workpiece 430
during torch operation, iii) a third planar alignment surface 506 that is oriented substantially perpendicularly to the second
alignment surface 504 and substantially parallel to the alignment surface 502, and iv) two arced surfaces 514 and 516. The
planar alignment surface 502 functions similar to the alignment surface 454 of the nozzle 410. Specifically, the alignment
surface 502 is configured to slidingly contact a first template (not shown) to position the torch while a plasma arc is directed
along a cut path 510 toward the alignment surface 502. The second alignment surface 504 functions substantially similar to
the second alignment surface 456 of the nozzle 410. Specifically, it is configured to contact the processing surface 438 of
the workpiece 430, so as to lay substantially parallel over the workpiece 430 perpendicular to a longitudinal axis 508 of the
nozzle 500, while the plasma arc is delivered via an exterior opening 512 located on the second alignment surface 504. The
contour of the second alignment surface 504 can be substantially symmetrical. The third alignment surface 506 is
configured to slidingly contact a second template (not shown) for positioning the torch while the plasma arc is directed
along the cut path 510 away from the third alignment surface 506. In operation, the three alignment surfaces of the nozzle
500, in cooperation with each other, align the plasma arc to impinge on the processing surface of the workpiece at a bevel
angle. For example, the alignment surfaces 502 and 506 can lay substantially flush against two templates while the
alignment surface 504, which includes the exterior opening 512 of the nozzle exit orifice, lays substantially flush against the
processing surface of the workpiece. The alignment surfaces of the nozzle 500 ensure that the plasma arc torch is
positioned substantially perpendicularly to the workpiece while a plasma arc is delivered to the processing surface via the
exterior opening 512.

[0032] Insomeembodiments, an operator uses both the firstand second templates to achieve precise positioning of the
nozzle 500 as he makes a cut on the workpiece along the lengthwise direction. The first and second templates can be
attached to each other such thatthey can be positioned around the nozzle simultaneously. In some embodiments, only one
template is used, in cooperation with either the alignment surface 502 or the second alignment surface 506, to guide the
plasma arc to impinge toward or away from the template. For example, the operator can use only the first template
positioned against the alignment surface 502 to guide the nozzle 500 as it cuts in the lengthwise direction toward the
template. In some embodiments, the operator uses only the second template positioned against the alignment surface 506
to guide to nozzle 500 as it cuts in the lengthwise direction away from the second template. In some embodiments, the
operator does not use a template when making a bevel, especially if the cut distance in the lengthwise direction is short.
[0033] Invarious embodiments, different nozzles can be used to make bevel cuts of different angles, where each nozzle
includes a nozzle exit orifice oriented at a different angle in relation to the longitudinal axis of the nozzle body. For example,
a kit of nozzle consumables can be provided thatincludes nozzles for making bevel cuts at 22.5, 37.5,45 degrees, etc. The
kit can also include nozzles having different numbers of guiding surfaces. Furthermore one or more templates can be
included in the kit compatible with different nozzle shapes. Hence, an operator can change the nozzle as needed to
achieve the desired cut angle and cut distance.

[0034] Invarious embodiments, the features described with respectto FIGS. 6-9 can be introduced to a plasma arctorch
thatincludes a shield. In some embodiments, the shield can include at least one of the alignment surface 454 or the second
alignment surface 456 described above with respect to the nozzle 410. In alternative embodiments, the shield can include
atleast one of the alignment surface 502, the second alignment surface 504, or the third alignment surface 506 described
above with respect to the nozzle 500. The shield can further include a shield exit orifice coplanar with the nozzle exit orifice
for delivering the plasma arc to impinge on a processing surface of a workpiece. The shield, upon installation into a plasma
arc torch, can provide similar functions as the nozzle 410 or 500, such as allowing an operator to maintain the torch at a
perpendicular position relative to a processing surface of a workpiece while the torch delivers a plasma arc flow to the
processing surface at a bevel angle and over a cutting distance.

[0035] Invarious embodiments, the nozzles and/or shields of the present technology can be coated with an electrically
insulating material, such as a ceramic coating. The plasma arc torches, including the nozzles and/or shields, can be
constructed as handheld devices or wearable devices attached to a backpack, front-pack, and/or a shoulder strap
mounted pack, for example. In addition, the nozzles and/or shields of the present technology can be used in mechanized
applications, such as incorporated in X-Y cutting tables, in which case extraneous templates may not be required. For
example, ifthe nozzle 410 or 500 is incorporated in a mechanized torch system to make bevel cuts, no complex equipment
is required to manipulate to the torch and no sophisticated software is needed to perform motion control.

[0036] Inanotheraspect, the presentdisclosure features means for attaching one or more consumables to a plasma arc
torch to achieve specific radial orientations of the consumable(s) with respect to a longitudinal axis of the torch. These
consumables can include one or more asymmetric features that provide specialized cutting or gouging functions if the
consumables are maintained at the desired radial orientations during torch operation. For example, one or more interfaces
can be provided to radially affix the asymmetric nozzle 210 of FIG. 1 to the torch body to facilitate a flush cutting operation at
a desired radial orientation of the asymmetric nozzle 210. Other asymmetric features that can be enabled through specific
radial orientations of consumable components include gas connections, data connections, power/electrical connections,
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positioning, fixturing, and/or automation features, spring mechanism for contact starting a torch, plasma processing/-
performance features (e.g., plasma bore, guide surface, cutting process, gouging process, washing process, severing via
a plenum, bore configuration, or counter-bore configurations, etc.) and/or safety interlocking features.

[0037] FIG. 10 generally depicts an exemplary consumable set 1000 of a plasma arc torch with multiple interfaces
configured to couple consumables at specific radial orientations to support asymmetric torch features. FIG. 11 shows an
exemplary plasma arc torch 1100 comprising the elements of FIG. 10 for orienting asymmetric torch features. As shown in
FIG. 10, the consumable set includes a consumabile tip 1001, a mounting element 1002, a main consumable body 1003,
and a plasma processing interface 1004. The consumable set 1000 can be coupled to a torch body 1005 to enable torch
operations, where the torch body 1005 and the consumable set define a central longitudinal axis A extending therethrough.
In some embodiments, the consumable set 1000 is a multi-piece system with the consumable tip 1001, the mounting
element 1002 and the main consumable body 1003 individually serviceable and replaceable. In some embodiments, two
or more of the consumable tip 1001, the mounting element 1002 and the main consumable body 1003 form a consumable
cartridge that is replaced or serviced as a unitary structure.

[0038] Asshown,the consumable tip 1001 generally defines a proximal end 1008 and a distal end 1006, where the distal
end 1006 is the end along the longitudinal axis A that is maintained closest to a workpiece (not shown) during torch
operation and the proximal end 1008 is opposite of the distal end 1006 along the longitudinal axis A. The proximal end 1008
ofthe consumable tip 1001 is adapted to be retained against the distal end 1010 of the main consumable body 1003 via the
mounting element 1002. In addition, the consumable tip 1000 can be aligned along the longitudinal axis Awhen mounted to
the main consumable body 1003. In some embodiments, the consumable tip 1001 includes one or more consumable
components configured to direct a plasma arc to a workpiece to process the workpiece. Further, at least one of the
consumable components of the consumable tip 1001 includes an asymmetric feature that is asymmetrically disposed
relative to the longitudinal axis A when the consumable tip 1001 is mounted to the main consumable body 1003. Various
embodiments of the consumable tip 1001 are described below in relation to FIGS. 11, 15 and 17.

[0039] Forexample,asshowninFIG. 11, the consumable tip 1001 can comprise the asymmetric nozzle 210 of FIG. 1 for
flush cutting close to an internal corner of a workpiece, as described above. In this case, the nozzle exit orifice 225 of the
nozzle 210 is an asymmetric feature as itis oriented at a non-zero angle relative to the longitudinal axis A when the nozzle
210 is connected to the torch body 1005. Alternatively, the consumable tip 1001 comprises the asymmetric nozzle 410 of
FIG. 6 for beveled cutting, as described above. In some embodiments, the consumable tip 1001 additionally includes a
shield that may or may not have an asymmetric feature. For example, as shown in FIG. 11, the shield 1102 has an
asymmetric shield exit orifice 1104 configured to deliver a plasma arc from the nozzle 210 to the workpiece in a flush cutting
operation. In some embodiments of the consumable tip 1001, a locking element 1106 is employed to radially affix at least
two of the consumable components of the consumable tip 1001 with respect to each other while permitting the asymmetric
feature(s) to be radially and/or axially aligned. For example, as shown in FIG. 11, the locking element 1106 can couple the
shield 1102 to the nozzle 210 such that the shield exit orifice 1104 is radially and axially aligned with the nozzle exit orifice
225 upon assembly of the consumable tip 1001. The locking element 1106 also locks together the consumable
components at the aligned position to enable the consumable tip 1001 to move (e.g., rotate or translate) as a unitary
structure. Details regarding the consumable tip 1001 of FIG. 11 are provided below with reference to FIG. 15. An alternative
design of the consumable tip 1001 is described below with reference to FIGS. 16a and 16b.

[0040] In some embodiments, the mounting element 1002 is a retaining element comprising an inner retaining cap
1002a and an outer retaining cap 1002b, as shown in FIG. 11. The mounting element 1002 includes a substantially hollow
body and defines adistalend 1012 and a proximal end 1014, as shown in FIG. 10. The hollow body of the mounting element
1002 is configured to house at least a portion of the main consumable body 1003, which can include at least one of an
electrode 1108, a swirlring 1110 or a contact element 1120 plus a resilient element 1118 (e.g., a spring), both of which are a
part of a contact starting mechanism of the plasma arc torch 1100. The distal end 1012 of the mounting element 1002 is
configured to engage the consumable tip 1001. The proximal end 1014 of the mounting element 1002 is configured to
engage the torch body 1005 via the plasma processing interface 1004. The hollow body of the mounting element 1002
between the proximal end 1014 and the distal end 1012 is configured to house at least a portion of the main consumable
body 1003. Thus, the mounting element 1002 can retain the consumable tip 1001 and/or the main consumable body 1003
against the torch body 1005 to enable torch operations.

[0041] The mounting element 1002 atits proximal end 1014 can fixedly engage the plasma processing interface 1004 by
threading, for example. The fixed engagement between the mounting element 1002 and the plasma processing interface
1004 also locks the main consumable body 1003 and/or the consumable tip 1001 to the torch body 1005 at a specific radial
orientation relative to the longitudinal axis A. In some embodiments, the mounting element 1002 first loosely engages (e.g.,
loosely threads into) the plasma processing interface 1004 to permit an operator to adjust and orient (i) the main
consumable body 1003 to a desired radial orientation relative to the torch body 1005 and/or (ii) the consumable tip 1001 to
anotherdesired radial orientation relative to the torch body 1005. Then, the mounting element 1002 can be fixedly engaged
tothe plasma processing interface 1004 (e.g., by tightening the threads) to lock the main consumable body 1003 and/or the
consumable tip 1001 in place at the adjusted radial orientations. Thus, in some embodiments, the mounting element 1002
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is rotatable about and/or translatable along the longitudinal axis A to enable its threading to the plasma processing
interface 1004.

[0042] After loosely engaging but prior to fixedly engaging the proximal end 1014 of the mounting element 1002 to the
torch body 1005 via the plasma processing interface 1004, at least two of the mounting element 1002, the main
consumable body 1003 and the consumable tip 1001 are rotatable relative to each other and to the torch body 1005.
For example, the consumable tip 1001 can rotate independent of the main consumable body 1003 and/or the mounting
element 1002 such that the consumable tip 1001 can be positioned at a specific radial orientation relative to the torch body
1005, thereby orienting an asymmetric feature in the consumable tip 1001 (e.g., a nozzle bore, a drag surface, shield gas
holes, etc.) at the desired radial orientation without disturbing the other components. As another example, the main
consumable body 1003 can rotate independent of the mounting element 1002 and/or the consumabile tip 1001 prior to the
fixed engagement such that the main consumable body 1003 can be positioned at a specific radial orientation relative to
the torch body 1005 in order to support certain asymmetric electrical, fluid and data connections. Generally, such relative
movement of the elements in the consumable set 1000 prior to the fixed engagement allows independent adjustments of
the elements to enable desired radial positioning of one or more asymmetric features about the longitudinal axis A prior to
torch operation.

[0043] Asdescribed above, the distal end 1012 of the mounting element 1002 is configured to engage the proximal end
1008 of the consumable tip 1001. For example, as shown in FIG. 11, the proximal end 1008 of the consumable tip 1001 can
be generally sandwiched between the outer retaining cap 1002a and the inner retaining cap 1002b. Prior to the mounting
element 1002 being fixedly engaged to the plasma processing interface 1004 at the proximal end 1014 (i.e., during loose
engagement), the mounting element 1002 can longitudinally constrain (i.e., axially secure) the consumable tip 1001
relative to the main consumable body 1003 while permitting independent rotation of the consumable tip 1001 relative to the
mounting element 1002. Such rotatable engagement and axial securement can be accomplished by one of crimping, snap
fitting, frictional fitting, threading, grooves, etc.

[0044] In some embodiments, the rotatable engagement and axial securement between the mounting element 1002
and the consumable tip 1001 occurs at (i) the interface 1112 between an outer surface of the shield 1102 of the consumable
tip 1001 and an inner surface of the outer retaining cap 1002a, and/or (ii) the interface 1114 between a proximal surface of
the nozzle 210 of the consumable tip 1001 and a distal surface of the inner retaining cap 1002b. For example, the shield
1102 can include an engagement feature, such as a groove or step, circumferentially disposed on an outer surface that
allows a distal tip of the outer retaining cap 1002a to frictionally fit into the groove or step. Similarly, the nozzle 210 can
include an engagement feature, such as a groove or step, circumferentially disposed at a proximal surface that allows a
distal tip of the inner retaining cap 1002b to abut against the groove or step. In some embodiments, to attach the
consumable tip 1001 to the mounting element 1002, the consumabile tip 1001 is pushed into the distal opening of the
mounting element 1002 (i.e., the distal opening defined by the outer retaining cap 1002a) until the proximal surface of the
nozzle 210 of the consumable tip 1001 physically contacts the distal surface of the inner retaining cap 1002b to form the
interface 1114, at which position further axial advancement of the consumable tip 1001 within the mounting element 1002 is
hindered. Also, at this position, the distal end of the outer retaining cap 1002a rotatably engages the proximal end of the
shield 1102 of the consumable tip to form the interface 1112.

[0045] In some embodiments, the proximal end 1014 of the mounting element 1002, such as the proximal end of the
outer retaining cap 1002a, can fixedly engage the plasma processing interface 1004 that is coupled to the torch body 1005.
Such fixed engagement can be achieved through full threading of the mounting element 1002 relative to the torch body
1005, for example. This securement causes the mounting element 1002 to impart a frictional force on the consumable tip
1001 via at least one of the interface 1112 or interface 1114 at the distal end 1012 of the mounting element 1002, thereby
causing the mounting element 1002 to clamp down on the consumable tip 1001 to fixedly engage the consumable tip 1001
ata particular radial orientation about the longitudinal axis A. The fixed engagement of the mounting element 1002 with the
consumable tip 1001 thus locks an asymmetric feature (e.g., the nozzle exit orifice 225 and/or the shield exit orifice 1104) of
the consumable tip 1001 at a specific radial orientation such that a first alignment surface 1122 and/or a second alignment
surface 1126 disposed on an external surface of the shield 1104 can fitinto a corner of a workpiece to perform flush cutting.
The alignment surface 1122, 1126 can be substantially similar to the alignment surfaces 254, 256, respectively, of the
asymmetric nozzle 210 of FIG. 1.

[0046] As described above, during the loose engagement between the mounting element 1002 and the plasma
processing interface 1004, an operator can adjust the radial orientation of the consumable tip 1001 about the longitudinal
axis A such thatitis locked at a desired radial orientation after fixed engagement between the mounting element 1002 and
the plasma processing interface 1004. In some embodiments, the exterior surfaces of the consumable components in the
consumable tip 1001(e.g., the shield 1102 at the interface 1112 and/or the nozzle 210 at the interface 1114) are relatively
smooth, such that an operator can freely rotate the consumable tip 1001 to achieve any desired radial orientation prior to
the fixed engagement. In some embodiments, the consumable components of the consumable tip 1001 have a set of
predetermined orientations (e.g., at 30 degree increments), which may be clocked into by the mounting element 1002 prior
to the fixed engagement. These fixed positions can be implemented by a variety of mechanical means such as detents
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and/or magnets on an exterior surface of the consumable tip 1001 and complementary features on a surface of the
mounting element 1002 (or vice versa). In one embodiment where detents are used, the detents allow the consumabile tip
1001 to settle into a predetermined specific radial orientation (e.g., 90 degrees) relative to a torch handle. In some
embodiments, the mechanical means (e.g., detents) can be located relative to a threading arrangement between the
mounting element 1002 and the consumable tip 1001 to achieve a substantially accurate/predetermined radial relation-
ship between the consumable tip 1001 and the mounting element 1002.

[0047] In some embodiments, the mounting element 1002 is fixedly attached to the consumable body 1003, such that
the consumable body 1003 rotates and translates with the mounting element 1002 during both loose engagement and
fixed engagement as the mounting element 1002 is threaded to the plasma processing interface 1004. In this case, the
consumable body 1003 can be substantially symmetrical about the longitudinal axis A so that the consumable body 1003
does not need to be positioned and clocked at a specific radial orientation relative to the torch body 1005. For example, the
consumable body 1003 of FIG. 11, which includes the contact element 1120, the resilientelement 1118, the electrode 1108,
and the swirl ring 1110, is substantially symmetrical about the longitudinal axis A and does not need to be oriented at any
particular radial position relative to the torch body 1005 to support torch operations.

[0048] Insomeembodiments,the consumable body 1003 is rotatable independent of the mounting element 1002 and/or
the consumable tip 1001 during the loose engagement between the mounting element 1002 and the plasma processing
interface 1004. Therefore, an operator can adjust the radial orientation of the consumable body 1003 about the longitudinal
axis A such that it is positioned at a desired radial orientation with respect to the plasma processing interface 1004 prior to
being locked into place by the fixed engagement between the mounting element 1002 and the plasma processing interface
1004. Specifically, the fixed engagement between the mounting element 1002 and the plasma processing interface 1004
can impart a frictional force between the mounting element 1002 and the consumable body 1003 to lock the consumable
body 1003 in place both radially and axially relative to the plasma processing interface 1004. In this case, the consumable
body 1003 may have one or more asymmetric features with respect to the longitudinal axis A that require the specific radial
orientation in order to achieve a desired alignment with the processing interface 1004. In turn, the plasma processing
interface 1004 can define an asymmetric geometry configured to receive and mate with the consumable body 1003 at the
specific radial orientation. For example, clocking of the plasma processing interface 1004 with the proximal end 1011 of the
consumable body 1003 at a predefined radial orientation can enable alignment of various data, electrical, liquid coolant,
and gas channels between the torch body 1005 and the consumable body 1003 via the plasma processing interface 1004.
In some embodiments, the plasma processing interface 1004 is fixedly attached to the torch body 1005, such as integrally
formed with the torch body 1005.

[0049] FIG. 12 shows a sectional view of an exemplary consumable cartridge 1200 with asymmetric features that
require clocked radial orientation relative to the plasma processing interface 1004 that is coupled to the torch body 1005 of
FIG. 10. The consumable cartridge 1200 essentially encapsulates the mounting element 1002, the main consumable body
1003 and the consumable tip 1001 in one unitary structure. The consumable cartridge 1200 can be substantially the same
as the cartridge 104 described in U.S. Serial No. 15/228,708, which is assigned to Hypertherm, Inc. of Hanover, N.H. The
cartridge 1200 is attachable to the torch body 1005 via the plasma processing interface 1004. The cartridge 1200 generally
defines a proximal end 1204 and a distal end 1206 along the central longitudinal axis A of the torch body 1005. As shown,
the cartridge 1200 includes a cartridge frame 1212 coupled to one or more of an electrode 1208, a nozzle 1210, a swirl ring
1250, and a shield 1214 disposed concentrically about the central longitudinal axis A. Even though the nozzle 1210 and the
shield 1214 of FIG. 12 do not include an asymmetric feature, in other embodiments, at least one of the nozzle 1210 or the
shield 1214 includes an asymmetric feature, such as the asymmetric nozzle exit orifice of FIG. 15 or FIGS. 16a and 16b
and/or the asymmetric shield exit orifice of FIG. 15. In these asymmetric embodiments, as in the embodiments of FIGS. 10
and 11 described above, these asymmetric features at the distal end 1206 of the consumable cartridge 1200 may be
clocked as described above to radially orient the consumable tip 1001 relative to the longitudinal axis A as desired
regardless of the clocking requirement of the proximal end 1204 of consumable cartridge 1200.

[0050] The cartridge frame 1212 is adapted to physically interface with the plasma processing interface 1004, thereby
connecting the cartridge 1200 to the torch body 1005. FIG. 13 shows a view of the proximal end 1204 of the cartridge frame
1212 of the cartridge 1200 of FIG. 12. The proximal end 1204 of the cartridge frame 1212 can include a clocking feature
(e.g., a pin cavity) 1302 that can interact with a corresponding clocking feature of the plasm processing interface 1004 to
connect the torch body 1005 to the cartridge 1200. Such an interface allows alignment of various electrical, liquid coolant,
and gas channels between the torch body 1005 and the cartridge 1200, thereby maintaining one or more predefined
electrical, liquid coolant and gas flow paths across the torch system. FIG. 14 shows an exemplary design of the plasma
processing interface 1004 that includes various electrical, gas and liquid openings corresponding to the openings at the
proximal end 1204 of the cartridge frame 1212 of FIG. 13, as well as a clocking feature 1420 (e.g., a pin) adapted to interact
with the clocking feature 1320 of the proximal end 1204 of the cartridge frame 1212 to align the two components at a
predetermined radial orientation.

[0051] With respect to the continuity of gas flows between the torch body 1005 and the cartridge 1200, in the
predetermined radial orientation, a shield gas opening 1426b on the plasma processing interface 1004 is aligned with
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a shield gas opening 1364a at the proximal end 1204 of the cartridge frame 1212 to fluidly connect a shield gas channel
segment (not shown) of the torch body 1005 with a shield gas channel (not shown) of the cartridge frame 1212 to deliver a
shield gas flow from the torch body 1005 to the cartridge 1200. In the same predetermined radial orientation, a plasma gas
opening 1421c on the plasma processing interface 1004 is aligned with a plasma gas proximal opening 1312a at the
proximal end 1204 of the cartridge frame 1212 to fluidly connect a plasma gas channel (not shown) of the torch body 1005
with a plasma gas channel (not shown) of the cartridge frame 1212 to deliver a plasma gas from the torch body 1005 to the
cartridge 1200.

[0052] Withrespect to the continuity of coolant flow between the torch body 1005 and the cartridge 1200, upon clocking
of the plasma processing interface 1004 with the cartridge frame 1212 in the predetermined radial orientation, a first liquid
coolant channel opening 1460a on the plasma processing interface 1004 is aligned with a first coolant channel opening
1362a atthe proximal end 1204 of the cartridge frame 1212 to fluidly connect afirstliquid coolant channel (not shown) of the
torch body 1005 with a first liquid coolant channel (not shown) of the cartridge frame 1212, thereby allow a liquid coolant to
be delivered from the torch body 1005 to the cartridge 1200. In the same predetermined radial orientation, a second liquid
coolantchannel opening 1460b on the plasma processing interface 1004 is aligned with a second coolant channel opening
1368a at the proximal end 1204 of the cartridge frame 1212 to fluidly connect a second coolant channel (not shown) of the
torch body 1005 with a second coolant channel (not shown) of the cartridge frame 1212 to return a liquid coolant flow from
the cartridge 1200 to the torch body 1005. In the same predetermined radial orientation, a third liquid coolant channel
opening 1460c on the plasma processing interface 1004 is aligned with a third coolant channel opening 1378a at the
proximal end 1204 of the cartridge frame 1212 to fluidly connect athird coolant channel (not shown) of the torch body 1005
with a third coolant channel (not shown) of the cartridge frame 1212 to again deliver a liquid coolant flow from the torch body
1005 to the cartridge 1200. In the same predetermined radial orientation, a fourth liquid coolant channel opening 1460d on
the plasma processing interface 1004 is aligned with a fourth coolant channel opening 1382a of the cartridge frame 1212 to
fluidly connect a fourth coolant channel (not shown) of the torch body 1005 with a fourth coolant channel (not shown) of the
cartridge frame 1212 to again return a liquid coolant flow from the cartridge 1200 to the torch body 1005.

[0053] With respect to data communication between the torch body 1005 and the cartridge 1200, in the predetermined
radial orientation enabled by the clocking features 1420, 1302, areader device, such as an RFID reader device, of the torch
body 1005 (not shown) is rotationally aligned with a signal device 1260, such as an RFID tag, of the cartridge 1200 (shown
in FIG. 12). For example, an antenna coil embedded in the torch body 1005 can map to an area 1430 at the plasma
processing interface 1004 with a center 1432 that substantially aligns with a center 1318 of an area 1316 at the proximal
end 1204 of the cartridge frame 1212, which maps to the signal device 1260 embedded in the cartridge 1200. Such radial
alignmentbetween the centers 1432, 1318 reduces communication interference between the reader device and the signal
device 1260 to facilitate data communication across the torch system.

[0054] Withrespectto the continuity of electrical connections between the torch body 1005 and the cartridge 1200, upon
interfacing the plasma processing interface 1004 with the cartridge frame 1212, a central opening 1332b of the plasma
processing interface 1004 is adapted to align with a central opening 1320a at the proximal end 1204 of the cartridge frame
1212 to connect a main channel (not shown) of the torch body 1005 with a main channel (not shown) of the cartridge frame
1212. A conductive coolant tube 1270 is adapted to be inserted into the connected main channels across the torch body
1005 and the cartridge frame 1212. In some embodiments, a pilot arc current and/or a transferred arc current from a power
supply (not shown) is routed from the torch body 1005, through the coolant tube 1270, and to the electrode 1208 of the
cartridge 1200.

[0055] FIGS. 13 and 14 are merely illustrative of a particular arrangement of gas, fluid, electrical, and data commu-
nication connections across the plasma processing interface 1004 and the proximal end 1204 of the cartridge frame 1212.
Otherlayouts of one or more of these connections are also within the scope ofthe presentinvention. Generally, one or more
of these connections can be arranged in a variety of geometries and locations on the plasma processing interface 1004
and correspondingly on the proximal end 1204 of the cartridge frame 1212 to facilitate electrical, data, gas and liquid
circulation across a plasma arc torch.

[0056] Insome embodiments, the plasma processing interface 1004 of the torch body 1005 includes an ejector feature
that mechanically ejects the consumable body 1003 (or the cartridge 1200) if the consumable body 1003 (or the cartridge
1200) is not properly positioned or aligned with the torch body 1005.

[0057] As described above with reference to FIG. 10, the consumable tip 1001 of the consumable set 1000 of FIG. 10
generally includes one or more consumable components, with at least one of the consumable components having an
asymmetric feature. In some embodiments, an asymmetric feature can define an axis that is oriented at a non-zero angle
relative to the central longitudinal axis A (when the consumable tip 1001 is connected to the main consumable body 1003).
In some embodiments, an asymmetric feature defines an axis that is offset from the central longitudinal axis A. In some
embodiments, an asymmetric feature defines an asymmetric cross section about the central longitudinal axis A.
[0058] FIG. 15 shows an exemplary design of the consumable tip 1001 of FIG. 10 that is implemented in the plasma arc
torch 1100 of FIG. 11. As shown, the consumable tip 1001 includes the nozzle 210, which is described above in detail with
respect to FIG. 1 for performing flush cutting operations. The nozzle 210 includes an asymmetric nozzle exit orifice 225
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(shownin FIG. 11) with an axis that is oriented at a non-zero angle (e.g., an acute angle) relative to the central longitudinal
axis A. The consumable tip 1001 also includes the shield 1102 having an asymmetric shield exit orifice 1104 (shown in FIG.
11) with an axis that is oriented relative to the central longitudinal axis A at about the same non-zero angle as the nozzle exit
orifice 225. The consumabile tip 1001 further includes the locking element 1106 that is adapted to be positioned between
the nozzle 210 and the shield 1102 to fixedly couple the two consumable components together while radially and/or axially
aligning the asymmetric nozzle exit orifice 225 with the asymmetric shield exit orifice 1104. To achieve such alignment, the
consumable components of the consumable tip 1001 (e.g., the nozzle 210 and the shield 1102) as well as the locking
element 1106 can include complementary features configured to inter-fit with one another only when the asymmetric
features of the consumable components are radially and/or axially aligned. For example, as shown in FIG. 15, the
complementary features comprise a flat surface 1500 disposed on a corresponding circumferential section of each of the
consumable components and the locking element 1106. To properly assemble the nozzle 210, the shield 1102 and the
locking element 1106, the flat surfaces 1500 of these components need to be aligned, which also radially and axially align
the nozzle exit orifice 225 with the shield exit orifice 1104. The locking element 1106 is further configured to lock the
consumable components at the aligned position (e.g., via interference fit) such that the consumable tip 1001 moves (e.qg.,
rotates or translates) as a unitary component.

[0059] In another exemplary design of the consumable tip 1001 of FIG. 10, the consumable tip 1001 includes an
asymmetric nozzle that can be used to cut a workpiece or gouge a workpiece depending on the radial orientation of the
asymmetric nozzle bore relative to the longitudinal axis A. FIGS. 16a and b show a top view and a cut-away view,
respectively, of an exemplary asymmetric nozzle 1600 that can be used as the consumable tip 1001 of FIG. 10 to perform
either a cutting or gouging operation.

[0060] As shown, the nozzle 1600 has a nozzle exit orifice 1604 with an asymmetrically-shaped (e.g., elliptical) cross
section 1608 about the longitudinal axis A. To perform a cutting operation, the major axis of the elliptical cross section 1608
of the nozzle exit orifice 1604 is in the direction of the cut (e.g., direction of travel of the torch) such that a prolonged arc is
produced for the cutting operation. To perform a gouging operation, the major axis of the elliptical cross section 1608 of the
nozzle exit orifice 1604 is perpendicular to the direction of the gouge such that a dispersed arc is produced for the gouging
operation. In some embodiments, the consumable tip 1001 also includes a shield that does not have an asymmetric
feature (i.e., is substantially symmetrically about the longitudinal axis A). In some embodiments, the consumable tip 1001
is assembled such that asymmetric nozzle 1600 and the symmetrical shield are locked together to form a unitary structure.
Prior to torch operation, an operator can rotate the consumable tip 1001 to a particular radial orientation about the
longitudinal axis A that is independent of the positions of the other elements the consumable set 1000 and lock that
particular radial orientation of the consumable tip 1001 in place. This allows the operator to control the orientation of the
elliptical cross section 1608 of the nozzle exit orifice 1604 relative to the torch based on whether the operator wants to
perform a cutting or gouging operation. In some embodiments, a consumable tip design incorporating the nozzle 1600 can
be implemented in the plasma arc torch 1100 of FIG. 11 in place of the flush-cutting consumabile tip. This consumable tip
design can also be implemented in the cartridge 1200 of FIG. 12 in place of the substantially symmetrical consumable tip.
[0061] In some embodiments, the asymmetric nozzle 1600 is used in the consumabile tip 1001 of FIG. 10 to perform a
gouging operation by delivering a diffused stream of plasma arc with a non-circular cross-sectional shape to a workpiece.
The nozzle 1600 is configured to achieve a wide gouge profile in a workpiece without multiple passes by the torch 1000
over the workpiece and/or without oscillation. As shown, the nozzle 1600 includes a nozzle body defining a central
longitudinal axis A extending between a distalend 1610 (i.e., the end closest to the workpiece during torch operation)and a
proximalend 1612 (i.e., the end opposite of the distal end 1610). The nozzle exit orifice 1604, located at the distalend 1610
of the nozzle body, defines at least a bore 1614 for conducting the plasma arc.

[0062] In addition, a counter bore feature 1616 is disposed relative to the distal end 1610 of the nozzle body and fluidly
connected to the bore 1614 along the longitudinal axis A, such as located distally to the bore 1614. Atleast one of the bore
1614 or the counter bore feature 1616 has a non-circular cross-sectional shape in the plane (defined by the B and B’ axes)
perpendicular to the longitudinal axis A. The non-circular shape can have different configurations, as described below. The
cross-sectional shape of the counter bore feature 1616, which represents a flow area, also has a larger cross-sectional
area than that of the bore 1614 to reduce the plasma arc’s energy, density and velocity during a gouge operation.
[0063] Inthe embodiment illustrated in FIGS. 16a and 16b, both the bore 1614 and the counter bore feature 1616 are
disposed in the nozzle 1600 and both are defined by the nozzle exit orifice 1604, such that they are substantially aligned
along the longitudinal axis A in the nozzle exit orifice 1604. In other embodiments (notillustrated), the counter bore feature
1616 is located in other components of the consumable tip 1001. For example, the counter bore feature 1616 can be
disposed on a shield connected to the nozzle 1600, where the counter bore feature 1616 is defined by a shield exit orifice.
Upon connection of the shield to the nozzle 1600, the bore 1614 and the counter bore feature 1616 are adapted to
substantially align along the longitudinal axis A.

[0064] In the invention illustrated in FIGS. 16a and 16b, the counter bore feature 1616 is a counter bore. In other
embodiments not part of the invention the counter bore feature 1616 is a counter sink. A counter bore is substantially
rectangular in shape in the plane defined by the longitudinal axis A and the transversal axis B, whereas a counter sink is
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substantially conical in shape in the same plane. Many other counter bore shapes are also within the scope ofthe invention,
and many can have dimensions along the B and B’ axes that are different.

[0065] As described above, at least one of the bore 1614 or the counter bore feature 1616 has a non-circular cross-
sectional shape in the plane perpendicular to the longitudinal axis A, where the plane is defined by a first transversal axis B
and a second transversal axis B’ perpendicular to each other. The non-circular cross-sectional shape can have a first
length along the first transversal axis B different than a second length along the second transversal axis B (e.g., the first
length greater than or less than the second length). For example, the non-circular cross-section shape can be one of an
ellipse, a trapezoid, a triangle, tri-lobed, a rectangle or a slot (i.e., a hybrid rectangle-ellipse, such as a rectangle with
rounded corners). These different shapes of the bore 1614 and/or the counter bore feature 1616 provide the operator the
freedom to create variations in the gouge profiles in the workpiece.

[0066] Insome embodiments, the cross-sectional shape of the bore 1614 is circular while the cross-sectional shape of
the counter bore feature 1616 is non-circular. In some embodiments, the cross-sectional shape of the bore 1614 is non-
circular while the cross-sectional shape of the counter bore feature 1616 is circular. In some embodiments, the cross-
sectional shapes of the bore 1614 and the counter bore feature 1616 are both non circular and these non-circular shapes
can be the same or different from each other. For example, as illustrated in FIG. 16a, the cross-sectional shape of the bore
1614 is elliptical while the cross-sectional shape of the counter bore feature 1616 has a slot shape (i.e., rectangular with
rounded corners) . The slotted cross-sectional shape of the counter bore feature 1616 has a larger area than that of the
elliptical cross-sectional shape of the bore 1614. In other embodiments, the cross-sectional shapes of both the bore 1614
and the counter bore feature 1614 are elliptical.

[0067] In contrastto having the typical circular cross-sectional shape for both the bore 1614 and the counter bore 1616,
the non-circular cross-sectional shape for at least one of the bore 1614 or the counter bore 1616 described in the present
invention allows the plasma arc to achieve a non-circular cross-sectional shape (e.g., elliptical) when delivered to the
workpiece. For example, the plasma arc can become diffused through an expansion in the first transversal axis B or the
second transversal axis B’, thus reducing the plasma arc’s ability to melt the metallic workpiece fast enough to keep up with
the linear speed of the operation, thereby producing a gouge in the workpiece after a single pass of the torch relative to the
workpiece rather than a cut. In some embodiments, the non-circular cross-sectional shape of the diffused plasma arc is
such that is has a first length along the first transversal axis that is different from a second length along the second
transversal axis. Further, from a single pass of the torch relative to the workpiece and/or without oscillating torch motion, a
traditional torch (i.e., having the typical circular cross-sectional shape for both the bore 1614 and the counter bore 1616)
can only produce a relatively symmetric gouge profile in the workpiece with a width to depth ratio of at most 3 to 1. In the
present invention, by expanding the cross section of at least one of the bore 1614 or the counter bore 1616 along the
transversal axis B or B’, a proportional growth of the width and reduction of the depth of the gouge profile is achieved. In
some embodiments, the resulting gouge profile in the workpiece is non-symmetric and has a width to depth ratio of greater
than 3 to 1.

[0068] Because the bore 1614 and/or the counter bore feature 1616 are non-circular in the cross section, its locational
position can be clocked (i.e., positioned at a particular radial orientation in the B-B’ plane relative to the longitudinal axis A).
Thus, the directionality of the resulting plasma arc relative to the torch or torch motion can be adjusted to provide directional
dispersal of the plasma arc onto the workpiece during a gouge operation. For example, if the plasma arc has an elliptical
cross section, the bore 1614 and/or the counter bore feature 1616 can be adjusted such that the major axis of the elliptical
cross-sectional shape of the plasma arc is oriented substantially perpendicular to the direction of the gouge path in the
workpiece. Thus, if the cross section of at least one of the bore 1614 or the counter bore feature 1616 is elliptical, the major
axis of the elliptical cross-sectional shape of the bore 1614 or the counter bore feature 1616 is also oriented substantially
perpendicular to the direction of the gouge path in the workpiece. This directional orientation of the bore 1614 and/or the
counter bore feature 1616 allows the resulting gouge profile in the workpiece to obtain a width greater than depth (e.g., a
width to depth ratio of greater than 3 to 1) after a single pass by the torch over the workpiece at a normal process speed and
without torch oscillation. In some embodiments, if the cross section of at least one of the bore 1614 or the counter bore
feature 1616 is elliptical and the major axis of the elliptical cross-sectional shape of the bore 1614 or the counter bore
feature 1616 is oriented substantially perpendicular to the workpiece in the direction of motion of the torch tip, this results in
a gouging profile with a width to depth ratios of about 2:1 or lower for higher metal removal rates.

[0069] Insomeembodiments, ifthe bore 1614 and the counter bore feature 1616 are both disposed on the nozzle 1600,
the nozzle is clocked relative to the torch handle to achieve the directional dispersal in the resulting plasma arc. In some
embodiments, if the bore 1614 is disposed on the nozzle 1600 and the counter bore feature 1616 is disposed on a shield,
both the nozzle and the shield are clocked to achieve the directional dispersal in the resulting plasma arc. To achieve
clocking for the bore 1614 and/or the counter bore feature 1616, prior to a gouge operation, an operator can first align the
nozzle 1600 and the shield using the approach described above with reference to FIG. 15 to assemble the consumable tip
1001 suchthatthe nozzle 1600 and shield are at a desired orientation relative to each other. Forexample, ifthe bore 1614 is
disposed on the nozzle 1600 and the counter bore feature 1616 is disposed on the shield, to achieve the cross-sectional
configuration of FIG. 16a, the elliptical shaped cross section of the bore 1614 of the nozzle 1600 is aligned with the
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rectangular shaped cross section of the counter bore feature 1616 of the shield in such a manner that the centers of both
shapes are aligned, the axes associated with the shorter lengths of both shapes are aligned, and the axes associated with
the longer lengths of both shapes are aligned. Then, the operator can rotate the assembled consumable tip 1001 to a
particular radial orientation about the longitudinal axis A and lock that particular radial orientation of the consumabile tip
1001 in place. In some embodiments, the consumable tip design incorporating the bore 1614 and the counter bore feature
1616 as described above can be implemented in the plasma arc torch 1100 of FIG. 11 in place of the flush-cutting
consumable tip. This consumable tip design can also be implemented in the cartridge 1200 of FIG. 12 in place of the
substantially symmetrical consumable tip. In some embodiments, the bore 1614 and the counter bore feature 1616 are
both disposed in the nozzle 1600, while a second bore feature (not shown), with a circular or non-circular cross section, is
disposed in the shield. The nozzle 1600 and shield can be connected to each other using the approach described above
with respect to FIG. 15.

[0070] Insomeembodiments, the nozzle 1600 further defines a set of gas passageways disposed about the bore 1614.
Each gas passageway has a port 1620 arranged about the distal end 1610 of the nozzle 1600 in a non-circular manner as
shown in FIG. 16a. For example, the arrangement of the ports can be such that one or more ports are missing around a flat
surface 1622 disposed on a circumferential section of the nozzle 1600. The flat surface 1622 of the nozzle 1600 is adapted
to correspond to the flat surface 1500 of the locking element 1106 and a flat surface (not shown) of a shield. As described
above with respect to FIG. 15, when assembling the nozzle 1660, the shield and the locking element 1106 to form a
consumable tip, these flat surfaces of the consumable components are aligned, which also radially and axially align the
bore 1614 of the nozzle exit orifice 1604 with counter bore feature 1616 of the shield exit orifice. The locking element 1106
locks the consumable components at the aligned position (e.g., via interference fit) such that the consumable tip 1001
moves (e.g., rotates or translates) as a unitary component. In some embodiments, the flat surface 1622 indicates the
direction the torch 1100 needs to be dragged during a gouging operation.

[0071] Table 1 below shows the test results of nozzles with various configurations illustrated in FIGS 19a-c. To obtain the
test results, these nozzles were operated at 45 amps, a torch angle of 45 degrees, a speed of 20 impressions per minute
(ipm) and a standoff of about 5.08 mm (0.2 inches). Specifically, the "Rev 2" row of Table 1 shows characteristics of a gouge
profile obtained using a traditional nozzle 1902 of FIG. 19a, where the cross-sectional shapes of the bore 1902a and the
counter bore feature 1902b of the nozzle 1902 are both circular. The "Rev 4 (V)" and "Rev 4 (H)" rows of Table 1 show
characteristics of a gouge profile obtained using the nozzle 1904 of FIG. 19b, where the cross-sectional shape of the bore
1904a is circular and the cross-sectional shape of the counter bore feature 1904b is elliptical. Specifically, the designation
"V" is used when the narrower dimension 1908 (i.e., the minor axis) of the elliptical counter bore feature 1904b is oriented
substantially parallel to the direction of the gouge by the torch, thus yielding a narrower and deeper gouge. The designation
"H" is used when the wider dimension 1910 (i.e., the major axis) of the elliptical counter bore feature 1904b is oriented
substantially parallel to the direction of torch travel, thus yielding a wider and shallower gouge. The "Rev 5 (V)" and "Rev 5
(H)" rows of Table 1 show characteristics of a gouge profile obtained using the nozzle 1906 of FIG. 19c, where the cross-
sectional shapes of the bore 1906a and the counter bore feature 1906b are both elliptical. Similarly, the designation "V" is
used when the narrower dimension 1912 of both the elliptical bore 1906a and counter bore feature 1906b is oriented
substantially parallel to the direction of the gouge by the torch, and the designation "H" is used when the wider dimension
1914 of both the elliptical bore 1906a and counter bore feature 1906b is oriented substantially parallel to the direction of
torch travel. The "stock PMX 45" row of Table 1 shows characteristics of a gouge profile obtained using the existing
Hyperterm™ PMX 45 nozzle, where the cross-sectional shapes of the bore and the counter bore feature of the nozzle are
also both circular. As shown, the gouge profile created using the "Rev 5 (H)" nozzle, which corresponds to the nozzle
shown in FIG. 19c¢, has the best width-to-depth ratio of greater than 3 (i.e., 3.7) and the lowest volume (of workpiece
material removed) of 28 mm3. Generally, the less the workpiece material removed indicates more control by the torch in a
single pass and the greater the dispersion of the plasma arc. The gouge profile created using the "Rev 4 (H)" nozzle, which
corresponds to the nozzle shown in FIG. 19b, has the second best width-to-depth ratio of 2.17 and the second lowest
volume of 41. Thus, these tests results indicate that a non-circular cross-sectional shape for at least one of the bore or the
counter bore feature in the torch tip of a plasma arc torch produces a superior gouge profile with an optimized width-to-
depth ratio.
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Table 1: Test results of nozzles with various configurations illustrated in FIGS 19a-c.

[0072] FIG. 17 shows anisometric view of the plasma arc torch 1100 of FIG. 11 fully assembled. As described above, the
consumable tip 1001 comprises the nozzle 210 coupled to and aligned with the shield 1102 such that the nozzle exit orifice
225 and the shield exit orifice 1104 are radially affixed to each other. The consumable tip 1001 forms a unitary structure,
where the nozzle 210 and the shield 1102 rotate together as a single unit. The consumable tip 1001 is independently
rotatable about the longitudinal axis A prior to the fixed engagement of the mounting element 1002 to the torch body 1005
via the plasma processing interface 1004. This allows an operator to orient the consumable tip 1001 such that its
asymmetric feature (e.g., the nozzle exit orifice 225 and/or the shield exit orifice 1104) is at a specific radial orientation
about the longitudinal axis A, thereby permitting the first alignment surface 1122 and/or the second alignment surface 1126
of the shield 1104 to also rotate to a position such that they can fit into a corner of a workpiece to perform flush cutting. In
some embodiments, prior to the fixed engagement, the main consumable body 1003 is also independently rotatable about
the longitudinal axis A (as indicated by the arrow) such that it can be clocked into a predetermined radial orientation with the
plasma processing interface 1004 in order to maintain certain electrical, data, gas and/or liquid connections between the
torch body 1005 and the consumable set 1000. Fixed engagement between the mounting element 1004 and the torch body
1005 via the plasma processing interface 1004 allows the various radial orientations of the elements in the consumable set
1000 to be locked into place during torch operation.

[0073] FIG. 18 shows anexemplary process 1800 for assembling the consumable set 1000 of FIG. 10 to atorch body. As
described above, the consumable set 1000 can be encapsulated in a cartridge or comprise multiple separate pieces. The
process 1800 includes loosely engaging the proximal end 1014 of the mounting element 1002 to the plasma processing
interface 1004 by, for example, threading (step 1802). For example, the loose engagement can be achieved by partial
threading (e.g., threading 80% from being fully threaded), so that the mounting element 1002 is only loosely connected to
the plasma processing interface 1004. After the loose engagement, the distal end 1012 of the mounting element 1002
axially secures the consumable tip 1001 while permitting independent rotation of the consumable tip 1001 about the
longitudinal axis A relative to the mounting element 1002. The consumable tip 1001 includes multiple consumable
components, where at least one consumable component has an asymmetric feature thatis asymmetrically disposed in the
consumable tip 1001 relative to the longitudinal axis A. For example, the consumable tip 1001 can be implemented (i) as
the design of FIG. 15 for flush cutting or (ii) include the asymmetric nozzle 1600 of FIG. 16 for selectively performing a
cutting or gouging operation.

[0074] In some embodiments, if the consumable set 1000 is a cartridge, the mounting element 1002, the main
consumable body 1003 and/or the consumable tip 1001 are already assembled together prior to the loose engagement,
but these elements are rotatably coupled relative to each other such that they can rotate independently about the
longitudinal axis A. In some embodiments, if the consumable set 1000 comprises multiple separate elements, the process
1800 also includes, prior to the loose engagement, assembling the consumable tip 1001 by fixedly locking the multiple
consumable components of the consumable tip 1001 together using, for example, the locking element 1106. The locking of
the consumable components in the consumable tip 1001 is adapted to axially and radially align the one or more asymmetric
features in the consumable tip 1001 while enabling the consumable tip 1001 to function as a unitary structure. In addition,
prior to the loose engagement, the consumable body 1003 can be disposed in the hollow body of the mounting element
1002 and the consumable tip 1001 can be rotatably engaged to the distal end 1012 of the mounting element 1002.
[0075] After the loose engagement between the proximal end 1014 of the mounting element 1002 and the torch body
1005 via the plasma processing interface 1004, the consumable tip 1001 can be oriented/adjusted relative to the mounting
element 1002 about the longitudinal axis A to attain a specific radial orientation of the asymmetric feature of the
consumable tip 1001 with respect to the longitudinal axis A (step 1804). For example, in the case of flush cutting, the
aligned nozzle exit orifice 225 and shield exit orifice 1104 can be positioned at a specific radial orientation about the
longitudinal axis A, which in turn rotates the first alignment surface 1122 and/or the second alignment surface 1126 of the
shield 1104 to a position so that they can fit into a corner of a workpiece to perform flush cutting. In the case of selective
gouging or cutting with the nozzle 1600 incorporated in the consumable tip 1001, the consumable tip 1000 can be rotated to
adesired radial orientation such that the major axis of the elliptical cross section 1608 of the nozzle exit orifice 1604 is either
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parallel or perpendicular to the direction of the torch operation, depending on whether cutting or gouging is desired by the
operator.

[0076] Afterthe consumable tip 1001 is positioned at a desired radial orientation, the proximal end 1014 of the mounting
element 1002 is fixedly engaged to the plasma processing interface 1004 by, for example, tightening the remaining 20% of
the threads (step 1806). The fixed engagement imparts a frictional force between the mounting element 1002 and the
consumable tip 1001 to both axially and radially secure the consumable tip 1001 to the torch body 1005, such that the
asymmetric feature of the torch tip is 1001 is locked at the specific radial orientation (set from step 1804).

[0077] Itshould also be understood that various aspects and embodiments of the invention can be combined in various
ways. Based on the teachings of this specification, a person of ordinary skill in the art can readily determine how to combine
these various embodiments. A person of ordinary skill in the art can also readily determine how to manufacture the nozzles
and/or shields of the presenttechnology. An exemplary manufacturing method can include fabricating the nozzle body 250
(of FIG. 2A) having a longitudinal axis A extending therethrough, forming the nozzle exit orifice 225 in the nozzle body 250
that is oriented at a non-zero angle relative to the longitudinal axis A, and locating at least one alignment surface 254 on an
external surface of the nozzle body 250. The method can also include fabricating a shield to include one or more of the
above-described elements. Another exemplary manufacturing method can include fabricating the nozzle body 450 (of
FIG. 7A) having a longitudinal axis 446 extending therethrough, forming the nozzle exit orifice 425 in the nozzle body 450
oriented at a non-zero bevel angle 444 relative to the longitudinal axis 446, and locating at least one alignment surface 454
on the nozzle body 450 that is generally parallel to the longitudinal axis 446. The bevel angle 444 can be between about 20
to about 60 degrees relative to the longitudinal axis 446. As described above with reference to FIG. 6, the alignment surface
454 can be dimensioned to align the plasma arc exiting the nozzle exit orifice 425 to impinge on the processing surface 438
of the workpiece 430 at the bevel angle 444 while the plasma arc torch 400 is oriented substantially perpendicular to the
processing surface 438. The method can also include fabricating a shield to include one or more of the above-described
features. In some embodiments, the method of manufacturing can include coating the nozzle and/or shield with an
electrically insulating material. The method of manufacturing can further include disposing a set of bearings in/on the
alignment surface 454 to reduce an amount of friction created when the alignment surface 454 slidingly contacts the
guiding surface 436 of the template 432. In addition, the alignment surface 454 can be fabricated to be substantially planar
to facilitate the sliding contact with the guiding surface 436. In some embodiments, the method of manufacturing includes
locating a second alignment surface 456 on an exterior surface of the nozzle body 450 that is substantially perpendicular to
the alignment surface 454. The exterior opening 425a of the nozzle exit orifice 425 can be fabricated on the second
alignment surface 456 to introduce a plasma arc to the workpiece 430. In addition, modifications may occur to those skilled
in the art upon reading the specification. The present application includes such modifications and is limited only by the
scope of the claims.

Claims

1. Atorch tip assembly (1001) of a plasma arc torch for delivering a diffused stream of plasma arc to a workpiece to
perform a gouging operation, the assembly (1001) comprising:

anozzle (1600) including (i) a nozzle body defining a central longitudinal axis extending between a proximal end
(1612)and adistal end (1610), (i) a nozzle exit orifice (1604 ) at the distal end (1610) of the nozzle body, the nozzle
exit orifice (1604) defining at least a bore (1614 ) for conducting the plasma arc therethrough, and a set of gas
passages disposed about the bore (1614); and

acounter bore (1616), disposed relative to the distal end (1610) of the nozzle body, being fluidly connected to the
bore (1614) and located distally relative to the bore (1614);

wherein at least one of the bore (1614) or the counter bore (1616) has a non-circular cross-sectional shape in a
plane perpendicularto the longitudinal axis, the non-circular cross-sectional shape configured to enable a second
non-circular cross-sectional shape in the plasma arc adapted to diffuse the plasma arc.

2. Theassembly (1001)of claim 1, wherein the counter bore (1616), defined by the nozzle exit orifice (1604), is disposed
in the nozzle (1600).

3. The assembly (1001) of claim 1, wherein one of the bore (1614) or the counter bore (1616) has a circular cross-
sectional shape in the plane.

4. Theassembly (1001)ofclaim 1, wherein the non-circular cross-sectional shape is one of an ellipse, a trapezoid, a slot,
a rectangle, a triangle or tri-lobed.
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The assembly (1001) of claim 1, wherein the plane is defined by a first transversal axis and a second transversal axis
perpendicular to each other, the non-circular cross-sectional shape having a first length along the first transversal axis
that is different from a second length along the second transversal axis, wherein optionally the second non-circular
cross-sectional shape of the diffused plasma arc has afirstlength along the first transversal axis that is different from a
second length along the second transversal axis.

The assembly (1001) of claim 1, wherein the set of gas passages are disposed in a non-circular pattern about the bore
(1614).

The assembly (1001) of claim 1, wherein the assembly further comprises a shield connected to the nozzle (1600),
wherein the shield comprises a shield exit orifice; and the counter bore (1616) is disposed on the shield and is defined
by the shield exit orifice of the shield.

The assembly (1001) of claim 7, wherein

atleast one of the bore (1614 ) or the counter bore (1616) is positioned at a specific radial orientation relative to the
longitudinal axis for orienting the non-circular cross-sectional shape to directionally disperse the plasma arc; or
at least one of the nozzle (1600) or the shield includes a clocking feature for positioning and securing the bore
(1614) or the counter bore (1616) at the specific radial orientation.

The assembly (1001) of claim 7, wherein the plane is defined by a first transversal axis and a second transversal axis
perpendicular to each other, the second non-circular cross-sectional shape of the diffused plasma arc having a first
length along the first transversal axis that is different from a second length along the second transversal axis.

The assembly (1001) of claim 1, wherein the plasma arc is adapted to form a gouge profile in the workpiece with a width
to depth ratio of greater than 3 to 1.

The assembly (1001) of claim 1, wherein the second non-circular cross-sectional shape of the plasma arc is elliptical,
wherein optionally a major axis of the elliptical cross-section shape of the plasma arc is oriented substantially
perpendicular to a direction of a gouge path in the workpiece.

The assembly (1001) of claim 1, wherein the counter bore (1616) has a larger cross-sectional area than the bore
(1614).

The assembly (1001) of claim 1, wherein the bore (1614) has a non-circular cross-sectional shape in a plane
perpendicular to the longitudinal axis, the plane being defined by a first transversal axis and a second transversal axis
perpendicular to each other, wherein the non-circular cross-sectional shape of the bore (1614) has afirstlength along
the first transversal axis that is different from a second length along the second transversal axis; and

the counter bore (1616) has a second non-circular cross-sectional shape in the plane such that a first length of the
second non-circular cross-sectional shape along the first transversal axis of the plane is different from a second length
of the second non-circular cross-sectional shape along the second transversal axis of the plane.

The assembly (1001) of claim 13, wherein the bore (1614) and the counter bore (1616) are adapted to produce the
diffused plasma arc with a third non-circular cross-sectional shape, the third non-circular cross-sectional shape of the
diffused plasma arc having a first length along the first transversal axis that is different from a second length along the
second transversal axis.

Patentanspriiche

1.

Brennerspitzenanordnung (1001) eines Plasmalichtbogenbrenners zur Abgabe eines diffusen Plasmalichtbogenst-
roms an ein Werkstlick zur Durchfiihrung eines Brennfugenvorgangs, wobei die Anordnung (1001) Folgendes
umfasst:

eine Dise (1600), die (i) einen Disenkorper umfasst, der eine Langsmittelachse definiert, die sich zwischen
einem nahe gelegenen Ende (1612) und einem fern gelegenen Ende (1610) erstreckt, (ii) eine Disenaustritts-
offnung (1604) am fern gelegenen Ende (1610) des Diisenkérpers, wobei die Dlisenaustrittsoffnung (1604)
mindestens eine Bohrung (1614) zum Durchleiten des Plasmalichtbogens definiert, und einen Satz von Gas-
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durchlassen, die um die Bohrung (1614) herum angeordnet sind; und

eine Senkbohrung (1616), die relativ zum fern gelegenen Ende (1610) des Dusenkdrpers angeordnet ist,
fluidisch mit der Bohrung (1614) verbunden ist und fern gelegen relativ zur Bohrung (1614) angeordnet ist;
wobei mindestens eines der Bohrung (1614) oder der Senkbohrung (1616) eine nicht-kreisformige Querschnitts-
form in einer Ebene rechtwinklig zur Langsachse aufweist, wobei die nicht-kreisférmige Querschnittsform dazu
ausgelegt ist, eine zweite nicht-kreisformige Querschnittsform im Plasmalichtbogen zu ermdglichen, die dazu
angepasst ist, den Plasmalichtbogen zu diffusieren.

Anordnung (1001) nach Anspruch 1, wobei die durch die Disenaustrittséffnung (1604) definierte Senkbohrung
(1616) in der Dlse (1600) angeordnet ist.

Anordnung (1001) nach Anspruch 1, wobei eine der Bohrung (1614) oder der Senkbohrung (1616) eine kreisférmige
Querschnittsform in der Ebene aufweist.

Anordnung (1001) nach Anspruch 1, wobei die nicht-kreisformige Querschnittsform eines von einer Ellipse, einem
Trapez, einem Schlitz, einem Rechteck, einem Dreieck oder einer dreilappigen Form ist.

Anordnung (1001) nach Anspruch 1, wobei die Ebene durch eine erste Querachse und eine zweite Querachse
definiert ist, die rechtwinklig zueinander stehen, wobei die nicht-kreisférmige Querschnittsform eine erste Lange
entlang der ersten Querachse aufweist, die sich von einer zweiten Lange entlang der zweiten Querachse unter-
scheidet, wobei optional die zweite nicht-kreisférmige Querschnittsform des diffusen Plasmalichtbogens eine erste
Lange entlang der ersten Querachse aufweist, die sich von einer zweiten Lange entlang der zweiten Querachse
unterscheidet.

Anordnung (1001) nach Anspruch 1, wobei der Satz von Gasdurchlassen in einem nicht-kreisformigen Muster um die
Bohrung (1614) herum angeordnet ist.

Anordnung (1001) nach Anspruch 1, wobei die Anordnung ferner eine mit der Diise (1600) verbundene Abschirmung
umfasst, wobei die Abschirmung eine Abschirmungsaustrittséffnung umfasst, und wobei die Senkbohrung (1616) an
der Abschirmung angeordnet und durch die Abschirmungsaustrittséffnung der Abschirmung definiert ist.

Anordnung (1001) nach Anspruch 7, wobei mindestens eine der Bohrung (1614) oder der Senkbohrung (1616) in
einer bestimmten radialen Ausrichtung relativ zur LAngsachse positioniert ist, um die nicht-kreisférmige Querschnitts-
form zur gerichteten Verteilung des Plasmalichtbogens auszurichten; oder

mindestens eine der Duse (1600) oder der Abschirmung ein Ausrichtmerkmal umfasst, um die Bohrung (1614) oder
die Senkbohrung (1616) in der bestimmten radialen Ausrichtung zu positionieren und zu sichern.

Anordnung (1001) nach Anspruch 7, wobei die Ebene durch eine erste Querachse und eine zweite Querachse
definiert ist, die rechtwinklig zueinander stehen, wobei die zweite nicht-kreisférmige Querschnittsform des diffusen
Plasmalichtbogens eine erste Lange entlang der ersten Querachse aufweist, die sich von einer zweiten Lange
entlang der zweiten Querachse unterscheidet.

Anordnung (1001) nach Anspruch 1, wobei der Plasmalichtbogen dazu ausgelegt ist, ein Aushubprofil im Werkstiick
mit einem Breite-zu-Tiefe-Verhaltnis von grofer als 3 zu 1 zu bilden.

Anordnung (1001) nach Anspruch 1, wobei die zweite nicht-kreisférmige Querschnittsform des Plasmalichtbogens
elliptisch ist, wobei optional eine Hauptachse der elliptischen Querschnittsform des Plasmalichtbogens im Wesent-
lichen rechtwinklig zu einer Richtung eines Aushubweges im Werkstlick ausgerichtet ist.

Anordnung (1001) nach Anspruch 1, wobei die Senkbohrung (1616) eine gréRere Querschnittsflache als die Bohrung
(1614) aufweist.

Anordnung (1001) nach Anspruch 1, wobei die Bohrung (1614) eine nicht-kreisférmige Querschnittsform in einer
Ebene rechtwinklig zur Langsachse aufweist, wobei die Ebene durch eine erste Querachse und eine zweite
Querachse, die rechtwinklig zueinander stehen, definiert ist, wobei die nicht-kreisformige Querschnittsform der
Bohrung (1614) eine erste Lange entlang der ersten Querachse aufweist, die sich von einer zweiten Lange entlang
der zweiten Querachse unterscheidet; und

die Senkbohrung (1616) eine zweite nicht-kreisformige Querschnittsform in der Ebene aufweist, sodass sich eine
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erste Lange der zweiten nicht-kreisférmigen Querschnittsform entlang der ersten Querachse der Ebene von einer
zweiten Lange der zweiten nicht-kreisférmigen Querschnittsform entlang der zweiten Querachse der Ebene unter-
scheidet.

Anordnung (1001) nach Anspruch 13, wobei die Bohrung (1614) und die Senkbohrung (1616) dazu ausgelegt sind,
den diffusen Plasmalichtbogen mit einer dritten nicht-kreisférmigen Querschnittsform zu erzeugen, wobei die dritte
nicht-kreisférmige Querschnittsform des diffusen Plasmalichtbogens eine erste Lange entlang der ersten Querachse
aufweist, die sich von einer zweiten Lange entlang der zweiten Querachse unterscheidet.

Revendications

1.

Ensemble de bout de torche (1001) d’'une torche a arc plasma pour distribuer un courant diffus d’arc plasma a une
piéce a travailler pour réaliser une opération de gougeage, I'ensemble (1001) comprenant :

une buse (1600) incluant (i) un corps de buse définissant un axe longitudinal central s’étendant entre une
extrémité proximale (1612) et une extrémité distale (1610), (ii) un orifice de sortie de buse (1604) a I'extrémité
distale (1610) du corps de buse, l'orifice de sortie de buse (1604) définissant au moins un alésage (1614) pour
conduire I'arc plasma a travers celui-ci, et un groupe de passages de gaz disposés autour de I'alésage (1614) ; et
un contre-alésage (1616), disposé relativement a I'extrémité distale (1610) du corps de buse, étant fluidiguement
raccordé a l'alésage (1614) et situé distalement relativement a I'alésage (1614) ;

danslequel au moins unde I'alésage (1614) ou du contre-alésage (1616) a une forme de section transversale non
circulaire dans un plan perpendiculaire a I'axe longitudinal, la forme de section transversale non circulaire étant
configurée pour permettre une deuxiéme forme de section transversale non circulaire dans I'arc plasma adaptée
pour diffuser I'arc plasma.

Ensemble (1001) de la revendication 1, dans lequel le contre-alésage (1616), défini par I'orifice de sortie de buse
(1604), est disposé dans la buse (1600).

Ensemble (1001) de la revendication 1, dans lequel un de 'alésage (1614) ou du contre-alésage (1616) a une forme
de section transversale circulaire dans le plan.

Ensemble (1001) de la revendication 1, dans lequel la forme de section transversale non circulaire est un d’une
ellipse, d’un trapézoide, d’une fente, d’un rectangle, d’un triangle ou a trois lobes.

Ensemble (1001) de larevendication 1, dans lequel le plan est défini par un premier axe transversal et un second axe
transversal perpendiculaires I'un a l'autre, la forme de section transversale non circulaire ayant une premiére
longueur le long du premier axe transversal qui est différente d’'une seconde longueur le long du second axe
transversal, dans lequel facultativement la deuxiéme forme de section transversale non circulaire de I'arc plasma
diffusé aune premiére longueur le long du premier axe transversal qui est différente d’'une seconde longueur le long du
second axe transversal.

Ensemble (1001) de la revendication 1, dans lequel le groupe de passages de gaz sont disposés en un motif non
circulaire autour de l'alésage (1614).

Ensemble (1001) de la revendication 1, dans lequel 'ensemble comprend en outre un dispositif de protection
raccordé a la buse (1600), dans lequel le dispositif de protection comprend un orifice de sortie de dispositif de
protection ; et le contre-alésage (1616) est disposé sur le dispositif de protection et est défini par I'orifice de sortie de
dispositif de protection du dispositif de protection.

Ensemble (1001) de la revendication 7, dans lequel au moins un de I'alésage (1614) ou du contre-alésage (1616) est
positionné a une orientation radiale spécifique relativement a I'axe longitudinal pour orienter la forme de section
transversale non circulaire pour disperser de fagon directionnelle I'arc plasma ; ou au moins unde labuse (1600) ou du
dispositif de protection inclut un organe de positionnement horaire pour positionner et fixer I'alésage (1614) ou le
contre-alésage (1616) a I'orientation radiale spécifique.

Ensemble (1001) de la revendication 7, dans lequel le plan est défini par un premier axe transversal et un second axe
transversal perpendiculaires I'un a l'autre, la deuxiéme forme de section transversale non circulaire de I'arc plasma
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diffusé ayant une premiere longueur le long du premier axe transversal qui est différente d’'une seconde longueur le
long du second axe transversal.

Ensemble (1001) de larevendication 1, dans lequel I'arc plasma est adapté pour former un profil de gougeage dans la
piéce a travailler avec un rapport largeur-profondeur supérieur a 3 a 1.

Ensemble (1001) de la revendication 1, dans lequel la deuxiéme forme de section transversale non circulaire de I'arc
plasma est elliptique, dans lequel facultativement un grand axe de la forme de section transversale elliptique de I'arc
plasma est orienté sensiblement perpendiculairement a une direction d'une voie de gougeage dans la piéce a
travailler.

Ensemble (1001) de larevendication 1, dans lequel le contre-alésage (1616) a une superficie de section transversale
plus grande que l'alésage (1614).

Ensemble (1001) de la revendication 1, dans lequel I'alésage (1614) a une forme de section transversale non
circulaire dans un plan perpendiculaire a I'axe longitudinal, le plan étant défini par un premier axe transversal et un
second axe transversal perpendiculaires I'un a I'autre, dans lequel la forme de section transversale non circulaire de
l'alésage (1614)a une premiere longueur le long du premier axe transversal qui est différente d’'une seconde longueur
le long du second axe transversal ; et

le contre-alésage (1616) a une deuxieme forme de section transversale non circulaire dans le plan de maniére telle
qu’une premiére longueur de la deuxiéme forme de section transversale non circulaire le long du premier axe
transversal du plan est différente d’'une seconde longueur de la deuxi€éme forme de section transversale non circulaire
le long du second axe transversal du plan.

Ensemble (1001) de la revendication 13, dans lequel I'alésage (1614) et le contre-alésage (1616) sont adaptés pour
produire I'arc plasma diffusé avec une troisi€me forme de section transversale non circulaire, la troisieme forme de
section transversale non circulaire de I'arc plasma diffusé ayant une premiére longueur le long du premier axe
transversal qui est différente d’'une seconde longueur le long du second axe transversal.
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