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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to thermal cut-
ting torches (e.g., plasma arc torches), and more specif-
ically to devices for gas cooling plasma arc torches and
to related systems.

BACKGROUND

[0002] Basic components of modern conventional
plasma arc torches include a torch body, an electrode
(e.g., cathode) mounted within the body, a nozzle (e.g.,
anode) with a central orifice that can produce a pilot arc
to the electrode to initiate a plasma arc in a flow of a
suitable gas (e.g. air, nitrogen or oxygen) and associated
electrical connections and passages for cooling, and arc
control fluids. Generation of the pilot arc may be by
means of a high frequency, high voltage signal coupled
to a DC power supply and the plasma arc torch, or any
of a variety of contact starting methods. In some config-
urations, a shield is mounted to the torch body to prevent
metal that is spattered from the workpiece (sometimes
referred to as slag) during processing from accumulating
on torch parts (e.g., the nozzle or the electrode). Gener-
ally, the shield includes a shield exit portion (also called
a shield orifice) that permits the plasma jet to pass there-
through. The shield can be mounted co-axially with re-
spect to the nozzle such that the plasma exit portion is
aligned with the shield exit portion.
[0003] Cooling capacity has been a limitation of previ-
ous designs relating to plasma arc torches. For example,
previous designs have required the use of cooling medi-
ums other than or in addition to a gas (e.g., cooling water
or liquid) for torches that operate at high (e.g., 100 or 200
Amps, or more) current levels. Most of these cooling
methods can require cooling systems external to the
torch (e.g., which can include water supplies, reservoirs,
heat exchange equipment, supply pumps, etc.). External
cooling systems can increase the associated equipment
expense, can require more maintenance, be vulnerable
to spills, and in some cases, can require disposal of the
cooling medium. The issue of cooling the plasma arc
torch is more acute for higher current systems, as higher
current systems can generate more heat and have larger
cooling demands. Indeed, commercially available plas-
ma arc torch cutting systems operating at more than
about 100 amperes typically utilize cooling systems using
a liquid coolant (e.g., water or glycol). However, other
systems are possible.
[0004] US4059743 discloses a torch with a turbulized
supply of a plasma forming gas.
[0005] WO98/16091 discloses an apparatus in which
an electrode is mounted fixedly. A translatable nozzle is
mounted coaxially with the electrode forming a plasma
chamber therebetween. The nozzle is resiliently biased
into contact with the electrode by a spring element. A

retaining cap is attached to the torch body to capture and
position the nozzle.
[0006] US2012/241418 discloses a nozzle for a plas-
ma arc torch including a body having a first end, a second
end having an exit orifice disposed therein, and a pas-
sageway extending from the first end to the second end.
The passageway enables the flow of gas from the first
end, through the passageway, and to the exit orifice.
Greater than or equal to approximately 50% of an overall
mass of the body is distributed between the second end
and a midpoint of the body with respect to a longitudinal
length of the body.

SUMMARY

[0007] In an aspect, a nozzle for a gas-cooled plasma
arc torch includes a nozzle body having a hollow sub-
stantially cylindrical proximal end and a distal end that
together define a nozzle body length and a longitudinal
axis, the body including; an exit orifice defined by the
distal end of the nozzle body; a plenum within the nozzle
body, the plenum extending from the proximal end of the
nozzle body to a plenum floor, a distance from the plenum
floor to the distal end defining a plenum floor thickness,
and a distance from the plenum floor to the proximal end
of the nozzle body defining a proximal end length; and a
bore extending from the plenum floor to the exit orifice,
the bore having a bore length and a bore width, wherein
the nozzle body has a nozzle width in a direction trans-
verse to the longitudinal axis, wherein the nozzle body
length is greater than the nozzle width, and wherein a
ratio of the proximal end height to the plenum floor thick-
ness is less than 2.0.
[0008] Embodiments can include one or more of the
following features.
[0009] In some embodiments, the nozzle can also in-
clude a body flange at the proximal end of the nozzle
body, an overall length of the nozzle defined by a distance
from a proximal end of the nozzle body flange to an end
face at the distal end of the nozzle, such that the overall
length of the nozzle is greater than the nozzle body
length. In some cases, the body flange extends about
0.13 to about 1.3 cm (about 0.05 to about 0.5 inches)
above the nozzle plenum. In some cases, the proximal
end length includes the body flange.
[0010] The length of the bore corresponds to the ple-
num floor thickness. The bore can include a chamfer or
a counter bore. The width of the bore can vary along its
length. The bore can have a chamfer or a counter bore
at each end of its length.
[0011] In some embodiments, the exit orifice can be at
an end face of the nozzle.
[0012] In some embodiments, a ratio of the length of
the bore to the nozzle body length can be greater than
about 0.32.
[0013] In some embodiments, a side wall thickness of
the plenum can be between an inside diameter of the
plenum and an outer diameter of the plenum, and the
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ratio of the plenum side wall thickness to the width of the
nozzle body can be about 0.15 to about 0.19. In some
embodiments, a side wall of the plenum can include one
or more cooling gas passages.
[0014] In some embodiments, the nozzle can be sized
to operate in the plasma arc torch at a current flow of at
least 100 amps. In some embodiments, the nozzle can
operate at a current to nozzle body length ratio of greater
than 67 amps per cm (170 amps per inch).
[0015] In some embodiments, the ratio of the proximal
end height to the plenum floor thickness can be less than
about 1.4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1 is a cross sectional view of an example plas-
ma arc torch defining various gas flow channels used
to deliver shield or cooling gas to the torch tip.
Figure 2 is a sectioned view of an example nozzle
for a plasma arc torch that includes a gas channel
defined between an interior wall and an exterior wall
for directing gas flow circumferentially around the
body of the nozzle.
Figure 3 is a cross sectional view of a plasma arc
torch having a nozzle cooling system and a flow dis-
tribution system defined by features and elements
formed along its nozzle and shield.
Figure 4 is an enlarged cross sectional view of the
nozzle cooling system of Figure 3 illustrating an ex-
ample cooling gas flow within and around the nozzle.
Figure 5 is an enlarged cross sectional view of the
flow distribution system of Figure 3 illustrating fea-
tures formed along the nozzle and shield to redirect
and substantially uniformly distribute the shield gas
flow annularly around the nozzle.
Figure 5A is an enlarged cross sectional view of an-
other example flow distribution system illustrating
features formed along the nozzle and shield to redi-
rect and substantially uniformly distribute the shield
gas flow annularly around the nozzle.
Figure 6 is a cross sectional view of an example noz-
zle for a plasma arc torch having a wider end face
and distal end region to distribute heat and increase
nozzle cooling.
Figure 7 is a simulated gas flow model depicting gas
flow into and out of the gas channel of Figure 2.

DETAILED DESCRIPTION

[0017] Figure 1 illustrates an example plasma torch 50
that can be used with the various aspects and embodi-
ments of the plasma arc torch cooling systems and de-
vices described herein. Referring to Figure 1, the plasma
torch 50 can include an electrode 60, a nozzle 100, and
a shield 150. The torch 50 can be in electrical communi-
cation (e.g., using a current-carrying cable (not shown))

with a power supply (not shown) and receive electrical
current from the power supply. The electrical current re-
ceived from the power supply is transferred, through a
current path, to the electrode 60 toward the nozzle 100.
[0018] During use, gas (e.g., plasma gas) is directed
into a plenum region 80 defined between the electrode
60 and the nozzle 100. The plasma gas can be acceler-
ated (e.g., the plasma gas can be heated, which reduces
density of the gas as the plasma is formed, which in-
creases its volume and velocity) within the plasma ple-
num 80 to generate a plasma stream via a plasma arc
created between the electrode 60 and the nozzle 100.
[0019] Experimental studies have indicated that nozzle
temperature during the use (e.g., and the extent to which
a nozzle can be kept cool) can have a significant impact
on electrode life. In particular, as a result of the relatively
high operating temperature in high current air-cooled
plasma arc cutting that can significantly increase the ma-
terial wear and erosion, electrode and nozzle life can be
low relative to lower current air-cooled plasma arc cutting
systems. Accordingly, increased cooling can be a useful
technique in extending or prolonging the usable life span
of an electrode and/or an air-cooled nozzle. Cooling can
be achieved by directing gas (e.g., air, nitrogen or oxy-
gen) through the electrode and/or nozzle surfaces. The
flow of gas through these elements (e.g., electrode or
nozzle) can be directed along internal and/or external
surfaces. In some cases, the plasma arc torch can be an
air cooled torch that is cooled by directing one or more
high speed cooling gas flows (e.g., air at about 0.56 to
about 7 standard m3 per hour (20 standard cubic feet per
hour (scfh) to about 250 scfh)) through various channels
defined within the torch tip.
[0020] Some embodiments described herein can in-
crease (e.g., significantly enhance) the cooling of the
torch consumables (i.e., even without the use of cooling
liquids), such as a torch nozzle, thereby improving the
usable life span. In some embodiments, nozzle cooling
can be accomplished by utilizing shield flow and allowing
the shield flow to directly flow towards one or more sur-
faces of the nozzle. For example, in some embodiments,
the shield flow can be directed such that it impinges (e.g.,
flows perpendicularly with respect to) a nozzle surface.
[0021] In some aspects, certain consumable compo-
nents used within the torch (e.g., the nozzle) can include
one or more of various features or elements, such as
cooling flow channels, to help increase the cooling ca-
pabilities, and therefore increase the performance and
usable life, of the nozzle.
[0022] For example, referring to Figure 2, a nozzle 200
is formed from a body 202. In some embodiments, the
body 202 is formed of a metal material, such as copper.
As illustrated, the body 202 can be in the form of a hollow
substantially cylindrical body that has a first end, i.e. the
proximal end 204 and a second end, i.e. the distal end
206 that define a longitudinal axis 208. The hollow body
defines a hollow plenum region 201 configured to receive
and accommodate an electrode and to direct a plasma
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gas between the electrode and the nozzle. The first end
204 is typically formed and configured to mate with one
or more features or components of the torch. For exam-
ple, in some embodiments, the nozzle can be configured
to mate against a swirl ring or a retaining cap arranged
within the torch. The cylindrical body also includes a gen-
erally annularly formed cylindrical wall (e.g., a plenum
side wall) 210 that extends upward from a base structure
(e.g., a plenum floor) 212 defined at the second end 206.
The second end 206 typically defines a generally cylin-
drical bore (e.g., a flow conduit) 214 formed generally
axially through the plenum floor. During use, plasma gas
passes through the bore 214 and out of the nozzle
through an exit orifice 215. The nozzle exit orifice 215 is
defined at the distal end of the bore 214 along a nozzle
end face formed along the second end 206.
[0023] For cooling, as well as flow distribution, a gas
channel (e.g., a cooling gas flow channel) 216 can be
formed at the first end 204 within a portion of the body,
such as the plenum side wall, in particular, between an
interior wall 218 and an exterior wall 220 to direct gas
flow around the cylindrical body. For example, the gas
channel 216 can be a substantially annular (e.g., circular)
channel disposed in-between the interior wall 218 and
exterior wall 220 to direct the gas flow circumferentially
about at least a portion of the body. As discussed above,
in some cases, the interior wall 218 and/or the exterior
wall 220 can be configured to interface and mate with
other components, such as a swirl ring, disposed within
the torch to properly position and mount the nozzle or to
direct gas flow to or within the flow channel. Therefore,
in some cases, the swirl ring can be configured to form
a portion (e.g., an upper portion) of the gas channel 216
along with the interior wall and exterior wall, essentially
forming a flow conduit about the nozzle.
[0024] The configuration of the nozzle walls relative to
the other components within the torch typically helps to
separate and seal the flow channel from some of the
other gas channels within the torch. For example, the
nozzle is typically configured to isolate the shield/cooling
gas flowing within the flow channel from plasma gas flow-
ing within the plenum region. However, the plasma gas
and the shield/cooling gases typically combine when they
exit the torch (i.e., at the exit orifice of the nozzle).
[0025] The nozzle 200 includes one or more inlet pas-
sages 222 and one or more outlet passages 224 fluidly
connected to the gas channel 216 to provide gas to and
from the gas channel. The inlet passages and the outlet
passages can be in the form of any of various structurally
suitable features configured to contain and deliver gas
to and from the gas channel. For example, the passages
can be a hole, a channel, a tube, a conduit, a duct, or
similar features arranged in or on the nozzle body. As
discussed below, the passages can also include one or
more ports (e.g., openings) formed along different sur-
faces of the nozzle through which gas can enter and exit
the nozzle body to be delivered to and from the gas chan-
nel.

[0026] The inlet passages are typically formed sub-
stantially perpendicularly relative to at least one surface
of the gas flow channel so that the gas that is expelled
from the inlet passage into the flow channel impinges the
nozzle surfaces within the channel to generate turbulent
flow within the flow channel. Such impinging and turbu-
lent flows generated therein are expected to increase
nozzle cooling performance. To achieve this arrange-
ment of the inlet passage relative to the flow channel,
many different configurations are possible. For example,
as illustrated, the inlet passages 222 can be formed
through the exterior wall 220 and, when installed in the
torch, can be in fluid communication with the shield gas
supply of the torch. As illustrated, the inlet passages 222
can be arranged horizontally (i.e., horizontally relative to
a torch that is positioned so that its longitudinal axis is
vertical) so that gas entering the flow channel can strike
an inner wall on an opposing surface of the flow channel
(e.g., an outer surface of the interior wall 218). In some
examples, the term opposing surface refers to a region
of the flow channel that is generally across from the inlet
passage with respect to a central region of the flow chan-
nel. In some embodiments, the inlet passages 222 can
be arranged radially in the nozzle (i.e., extending inwardly
towards its central, longitudinal axis 208).
[0027] The nozzle can include multiple inlet passages
222, for example, three inlet passages 222 in the em-
bodiment illustrated in Figure 2. As shown, in some em-
bodiments, the inlet passages 222 can be arranged sub-
stantially uniformly (e.g., evenly separated) around the
gas channel 216. For example, when three inlet passag-
es are included, they can be separated from one another
by about 120 degrees. In some cases, a more uniform
distribution of inlet passages 222 can create a more even
cooling gas flow into the gas channel 216.
[0028] In some embodiments, one or more inlet pas-
sages include an inlet port defined along a radial surface
of the body that exposes the inlet passage to the envi-
ronment surrounding the nozzle. During use, gas (e.g.,
shield gas or cooling gas) can enter the inlet passage
through the inlet port and travel on to the gas channel.
For example, as illustrated, an inlet port 223 can be in
the form of hole defined along an outer surface of the
exterior wall 220 of the nozzle.
[0029] The outlet passages 224 are typically formed
at least partially through the plenum side wall 210 to de-
liver gas flow away from the gas channel. In some cases,
arranging the outlet passages 224 through the plenum
side wall 210 can also help cool the nozzle by creating
additional heat transfer surface area within the plenum
side wall. As illustrated, the outlet passage 224 can be
formed longitudinally (e.g., at least substantially aligned
with (e.g., substantially parallel to) the longitudinal axis
208).
[0030] The outlet passages are also typically formed
substantially perpendicularly relative to at least one ex-
terior surface of the nozzle (or another consumable com-
ponent) so that the gas that is expelled from the outlet
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passage impinges against the exterior nozzle surfaces
to further cool the nozzle. In some embodiments, outlet
passages 224 can be formed within (e.g., longitudinally
within) the plenum side wall 210 so that it is proximate
to a recess or flange defined along the outer surface of
the nozzle against which gas from the flow channel can
contact (e.g., impinge) for better cooling. For example,
as illustrated, the outlet passages 224 can be arranged
vertically (e.g., substantially longitudinally) so that gas
exiting the flow channel can strike an outer surface of the
nozzle (e.g., a flow impingement surface) 252. That is,
in some embodiments, the outlet passages 224 can be
arranged substantially parallel to the longitudinal axis
(e.g., be longitudinally oriented).
[0031] The nozzle typically includes multiple outlet
passages 224, for example, three outlet passages in the
embodiment illustrated in Figure 2. As shown, in some
embodiments, the outlet passages 224 can be arranged
substantially uniformly around the gas channel 216. For
example, when three outlet passages are included, they
can be separated from one another by about 120 de-
grees. In some cases, a more uniform distribution of out-
let passages 224 can create a more even flow of gas
from the gas channel 216. This can be achieved by using
additional outlet passages, e.g, four (or more) outlet pas-
sages oriented at 90 degrees from each other (not
shown).
[0032] In some embodiments, the outlet passage in-
cludes an outlet port formed through a radial and/or an
axial surface of the body between the second end (i.e.
distal end) 206 of the nozzle and the inlet port, where the
inlet port connects the inlet channel to the environment
surrounding the nozzle and the outlet port similarly con-
nects the outlet channel to the environment surrounding
the nozzle. For example, gas can flow from the gas chan-
nel 216, into the outlet passage 224 formed within the
plenum side wall, and out of the plenum side wall through
an outlet port 225 defined within an outer surface of the
plenum side wall.
[0033] In some embodiments, the inlet passages 222
and the outlet passages 224 are offset (e.g., radially off-
set) from one another around the flow channel. For ex-
ample, the inlet passages and the outlet passages can
be substantially evenly, circumferentially offset from one
another. That is, in some cases, one or more of the outlet
passages 224 can be arranged between (e.g., equidis-
tantly between) two of the inlet passages 222 (e.g., at 60
degree intervals in embodiments having three inlet pas-
sages and three outlet passages). Briefly referring to Fig-
ure 7, which illustrates a simulated gas flow through the
inlet passages 222, the gas channel 216, and onto the
outlet passages 224, such an arrangement can increase
exposure between the fluid and nozzle, and help increase
fluid mixing within the gas channel 216 by providing a
longer distance that the gas typically travels within the
gas channel between an inlet passage and an adjacent
outlet passage. Based at least in part on the increased
mixing, the flow can be directed so that gas in the flow

channel can flow circumferentially around the body. In
some cases, the flow can be directed circumferentially
all of the way around (e.g., at least 360 degrees around)
the flow channel. Also illustrated in Figure 7, the flow
velocities through the inlet passages 222 and the outlet
passages 224 are typically higher than the gas flow else-
where around the gas channel 216. Further, the in-
creased flow velocities through the inlet passages 222
can help to create the turbulent gas flow and cooling as
air exits the inlet passage 222 and impinges upon an
inner surface of the gas channel 216.
[0034] In some embodiments, the cooling gas pas-
sageways (e.g., the inlet passages 222 and primarily the
outlet passages 224) are sized and configured to permit
the nozzle to operate in the plasma arc torch at a current
flow of at least 75 amps (e.g., at least 100 amps). Addi-
tionally, in some embodiments, the cooling gas passage-
ways are sized and configured to permit operation of the
nozzle at a current to nozzle body length ratio of greater
than 150 amps per inch (e.g., greater than 67 amps per
cm (170 amps per inch)).
[0035] Such current flow can help to cut materials at
faster cutting speeds. For example, in some cases, the
torch can cut half inch mild steel at a cutting speed that
is greater than 254 cm per minute (100 inches per minute
(ipm)).
[0036] While the inlet passages and the outlet passag-
es have been described as generally being multiple dis-
crete round holes, other configurations are possible. For
example, in some embodiments, a nozzle can include
just one inlet passage and one outlet passage to deliver
gas to and from the flow channel. Alternatively, in some
cases, the inlet passage and/or the outlet passage can
be in the form of one or more substantially annular (e.g.,
partially or fully annular) openings formed around the
nozzle body.
[0037] Torch systems can additionally or alternatively
include other types of consumable cooling systems, such
as nozzle cooling systems or nozzle and shield cooling
systems, arranged at one or more regions within the
torch. For example, consumable cooling systems can in-
clude features formed in or on one or more consumables
(e.g., a nozzle, shield, and/or a retaining cap for the noz-
zle or the shield) to receive and direct gas flow (e.g., high
speed cooling gas flow) to increase cooling of one or
more of the consumables and cutting performance of the
torch.
[0038] For example, referring to Figure 3, in some as-
pects, a torch 300 can include a nozzle cooling system
310 and/or a nozzle and shield cooling system 320, which
can each be implemented alone or in combination with
one another to cool the components of the torch.
[0039] In some embodiments, to increase air cooling
performance of the torch 300, the nozzle cooling system
310 can include a torch retaining cap 330 having features
configured to direct cooling gas flow towards gas receiv-
ing surfaces of a nozzle 350. In particular, the retaining
cap 330 is typically formed of a generally cylindrical body
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332 having a securing flange 334 to retain the nozzle 350
within the torch. At an end typically opposite the securing
flange 334, the retaining cap 330 typically includes a con-
nection region (e.g., a threaded connection) 335 to se-
cure the retaining cap 330 (and therefore also the nozzle
350) to the torch body.
[0040] As discussed in detail below, the securing
flange 334 defines one or more gas holes or openings
(e.g., gas supply ports) 336 that permit gas to flow
through the retaining cap and on to the nozzle 350 for
cooling. As illustrated, the gas supply ports 336 are typ-
ically arranged generally longitudinally with respect to
the retaining cap and torch. Also, the gas supply ports
336 are positioned within the securing flange 334 gen-
erally substantially perpendicularly relative to a gas re-
ceiving surface (e.g., an impingement surface) 352 of the
nozzle 350. For example, in some embodiments, the gas
supply ports 336 are angled (e.g., arranged or directed
inwardly towards the nozzle or longitudinal axis) relative
to the longitudinal axis to direct cooling gas flow against
the impingement surface 352.
[0041] The retaining cap typically includes multiple
supply ports 336 (e.g., ten in the example shown in Figure
3) arranged around the securing flange 334. In some
embodiments, the supply ports 336 can be arranged sub-
stantially uniformly around the securing flange 334 to de-
liver gas substantially uniformly to the nozzle. For exam-
ple, when ten supply ports are included, they can be sep-
arated from one another by about 36 degrees. In some
cases, a more uniform distribution of supply ports 336
can create a more even flow of gas from the shield gas
supply.
[0042] As mentioned above, the nozzle 350 includes
an exterior feature (e.g., a recess) 354 defined along its
outer surface to receive and redirect a cooling gas flow
(e.g., the high velocity gas flow received from the retain-
ing cap 330) to increase cooling capabilities. For exam-
ple, as illustrated, the feature 354 can define the cooling
gas receiving surface (e.g., the impingement surface)
352 that is positioned substantially perpendicularly rela-
tive to the longitudinal axes of the various gas supply
ports 336. As discussed above, the substantially perpen-
dicular positioning of the impingement surface 352 rela-
tive to the gas supply port(s) 336 helps to increase cooling
capabilities at least in part by generating turbulent gas
flows. In some cases, the gas flow through the supply
ports 336 towards the impingement surface 352 is deliv-
ered at about 5,6 standard m3 per hour (200 scfh (e.g.,
at speed of about 20400 metres per minute (66986 feet
per minute)).)
[0043] While the impingement surface 352 has been
described and illustrated as generally being in the form
of a surface defined within a recess, other configurations
are possible. For example, in some embodiments, a noz-
zle can define an impingement surface that extends from
its outer surface (e.g., along a flange) rather than being
formed within a recess along the nozzle body. Addition-
ally, in some cases, the impingement surface can be an

outer surface of the nozzle that has a substantially similar
shape and profile as the rest of the outer surface of the
nozzle. That is, in some cases, the nozzle may be con-
figured to receive a cooling flow along its outer surface
without having additional, substantially modified features
(e.g., impingement surface 352, feature 354, etc.) to re-
ceive the cooling gas flow.
[0044] While certain features or aspects of the nozzle
350 have been described with respect to the example in
Figure 3, it is noted that some other features of the nozzle
350 that are not inconsistent with or affected by the cool-
ing system described above can be substantially similar
to those of the of the nozzle 200 described above.
[0045] Alternatively or in combination with the nozzle
cooling system 310, the torch can also include a nozzle-
shield cooling system 320 to help cool a shield 380 dis-
posed at the tip of the torch 300 to protect the nozzle
from molten material (e.g., spatter) ejected from a work-
piece. For example, in some embodiments, the nozzle-
shield cooling system 320 includes a recess or profile
(e.g., a mixing channel) 322 defined within the shield 360
and/or the nozzle 350 that is used to direct and circulate
cooling gas flow between the shield 360 and the nozzle
350. As illustrated, the mixing channel 322 can be defined
in close proximity to one or more components of the noz-
zle cooling system 310 (e.g., near the feature 354 or the
impingement surface 352). In some cases, the mixing
channel 322 is shaped having a substantially curved pro-
file (e.g., a bulbous profile) to encourage a circulating
flow therewithin.
[0046] In such a configuration, during use, cooling gas
flow can be deflected away from the nozzle 350, for ex-
ample, in part as a result of the angular arrangement of
the impingement surface 352, and into the mixing chan-
nel 322 to be circulated. As noted above, the turbulent
mixing flow generated by gas being deflected from the
impingement surface 352 (or other flow deflecting sur-
faces of the nozzle of shield) into the mixing channel can
increase the cooling capabilities of the nozzle-shield
cooling system 320 and/or the nozzle cooling system
310.
[0047] The mixing channel 322 is typically partially
formed by an edge (e.g., an inlet edge (e.g., a sharp inlet
edge)) 324 defined along a surface of the shield 360 to
capture a cooling gas flow and redirect the flow, for ex-
ample from the impingement surface 352, into the mixing
channel 322 for circulation and cooling. The edge 324 is
typically formed to capture and re-direct the cooling gas
flow flowing towards the torch tip into the mixing channel
322. For example, the edge 324 can include a sharp edge
(e.g., defined by two surfaces positioned at an acute an-
gle relative to one another) that is pointed away from the
torch tip to intercept the cooling gas flow.
[0048] Alternatively or additionally, in some embodi-
ments, the mixing channel 322 can be partially formed
by an edge (e.g., an inlet edge (e.g., a sharp inlet edge))
324A defined along a surface of the nozzle 350 (i.e., an
edge between the impingement surface 352 and the ver-
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tical (longitudinal) surface extending from the impinge-
ment surface 352) to capture a cooling gas flow from the
supply ports 336 and redirect the flow outwardly towards
the mixing channel 322.
[0049] The mixing channel 322, and in some cases
also the mixing channel edge 324, typically extend at
least partially around nozzle. In some cases, the mixing
channel 322 and edge 324 are defined within an interior
surface of the shield and extend fully around an interior
surface of the shield 360. In some cases, the mixing edge
324A is defined within an external surface of the nozzle
350 and extends fully around an external surface of the
nozzle 350.
[0050] In some embodiments, the shield can include
additional features (e.g., edges) to direct flow. For exam-
ple, the shield can include multiple edges to direct flow
within the mixing channel. These edges can be oriented
upwardly (e.g., 324) or downwardly (not shown). Addi-
tionally or alternatively, the shield can include additional
edges to direct flow into additional flow channels (e.g.,
additional cooling or flow-directing channels) formed
within the shield.
[0051] While the cooling systems (e.g., the nozzle cool-
ing system 310 and the nozzle-shield cooling system
320) described above have been described as primarily
providing beneficial cooling properties, other advanta-
geous performance capabilities can be obtained by their
implementation. For example, in addition or as an alter-
native to the increased cooling capabilities discussed
above, the features defined on the shield and/or the noz-
zle can increase gas flow properties so that a more uni-
form and evenly distributed flow of shield gas can be
delivered to the torch tip. That is, in some cases, the
features (e.g., the mixing channel or the impingement
surface) can act as one or more flow distribution (e.g.,
flow buffering) chambers to smooth the flow transients.
As discussed above, such evenly distributed flow can
increase material processing performance by helping to
create a more stable plasma arc.
[0052] Additionally, while certain features have been
described above as being included on particular compo-
nents, such as the mixing channel 322 being defined
along an interior surface of the shield 360, other config-
urations are possible. For example, in some cases the
mixing channel can be formed within an exterior surface
of the nozzle. Alternatively, the mixing channel can be
formed partially in both the nozzle and the shield, where-
by the partial mixing channels direct flow between the
two partial mixing channels to achieve the desired cooling
and flow distribution properties.
[0053] Referring to Figure 4, in some aspects, a torch
can include a nozzle defining the gas channel 216 as
discussed above with respect to Figure 2, as well as the
nozzle cooling system 310 and/or the nozzle-shield cool-
ing system 320 discussed above with respect to Figure
3. In some cases, the shield gas provided by the torch
body can be distributed and directed to one or more of
the various channels and passages arranged to cool the

shield and the nozzle. As illustrated and indicated using
arrows in Figure 4, a gas flow (e.g., a cooling/shield gas
flow) 101 can first be delivered near the retaining cap
securing flange. Upon reaching the securing flange 334
of the retaining cap and the exterior wall 220 of the nozzle,
the gas flow can be divided and distributed between the
nozzle inlet passage 222 and the gas port 336 formed
through the securing flange. Alternatively, in embodi-
ments where the torch does not include either of the noz-
zle with a cooling flow gas channel 216 or a nozzle cooling
system 310 or nozzle-shield cooling system 320, the gas
flow 101 can instead be directed only into one of the
subsequent flow passages based on the various compo-
nents present in the torch (e.g., directed only to the gas
port 336 or only to the inlet passage 222).
[0054] A first flow portion 101A directed into the one
or more inlet passages 222 through the inlet port 223, as
discussed above, can be directed into the gas channel
216. The gas flow can be circulated within the gas chan-
nel 216 for mixing and cooling the nozzle and then sub-
sequently to the one or more outlet passages 224 (shown
in phantom) for distribution and cooling of the nozzle 350.
The flow 101A can be expelled from the outlet passage
224, for example at the outlet port 225, so that it can
continue between the nozzle 350 and the shield 360 to
be expelled as shield gas between the shield and nozzle,
and surrounding the plasma arc.
[0055] A second flow portion 101B, which flows into
the one or more gas ports 336, can be directed (e.g., at
high speed) towards the nozzle to cool the nozzle. As
discussed above, the gas flow can be directed to the
impingement surface 352 along the outer surface of the
nozzle. The second flow portion 101B can strike the im-
pingement surface 352 at a substantially perpendicular
angle to create a turbulent flow behavior and increase
cooling. Additionally or alternatively, the first flow portion
101A expelled from the outlet port 225 can also impinge
upon the impingement surface 352 for cooling and to help
generate turbulent flow.
[0056] After being deflected from the impingement sur-
face 352, gas flow (e.g., the first flow portion 101A and/or
the second flow portion 101B) can flow outwardly and
into the mixing channel 322 to circulate and help cool the
shield and to be mixed and distributed circumferentially
within the mixing channel 322. As mentioned above, in
some cases, the edge 324 can help to intercept gas flow
and direct it into the mixing channel 322. After mixing and
creating turbulent flow within the mixing channel 322, gas
is directed into the annular passage (e.g., the shield gas
flow passage) 175 arranged between the nozzle 350 and
the shield 360 to be expelled from the torch tip.
[0057] The arrows illustrated to denote gas flows within
the passages (e.g., the first flow portion 101A and the
second flow portion 101B) are merely used to show sim-
plified example flow patterns. It is noted that the actual
gas flow pattern within the flow passages, in particular
within the mixing channel, typically has turbulent flow and
is highly erratic. Therefore, the actual flow within the pas-
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sages may be different from the example arrows illus-
trated.
[0058] While Figure 4 illustrates a torch having multiple
consumable component cooling features and systems
together in combination, other configurations are possi-
ble.
[0059] That is, for example, in some aspects, a torch
may include the gas channel 216 disposed within the
nozzle along with related passages and flow directing
features that work in combination with the gas channel
216 to cool the nozzle. However, the torch may omit one
or more of the other component cooling systems de-
scribed herein (e.g., the nozzle cooling system 310
and/or the nozzle-shield cooling system 320). Similarly,
in some aspects, a torch may include one or more of the
component cooling systems described herein that utilize
features and flow paths defined in the shield, nozzle, and
or retaining cap (e.g., the nozzle cooling system 310
and/or the nozzle-shield cooling system 320), but the
torch may include a nozzle that does not have the gas
channel 216 and related flow passages.
[0060] In addition or alternatively to the various com-
ponent cooling systems and aspects described above,
torches described herein can include consumable com-
ponents that include features or elements that can be
implemented to provide a more uniform flow of shield gas
emitted from the torch tip. Since the presence of vent
holes in the shield (e.g., vent holes 362 illustrated in Fig-
ures 3 and 5) can cause shield gas flow non-uniformities,
locating features for enhancing flow uniformity between
the shield vent holes and the shield exit orifice can result
in increases in gas flow uniformity about the plasma ex-
iting the shield, thereby producing improved cutting per-
formance and resulting in reduced wear of torch consum-
ables.
[0061] For example, referring back to Figure 3, the
torch 300 can also include a shield gas flow distribution
system 380, which can include one or more features of
the nozzle 350 and the shield 360 that work in combina-
tion with one another to distribute flow about the substan-
tially circumferential shield gas flow channel 175. For ex-
ample, the flow distribution system 380 can define an
alternating flow channel that directs or disrupts the flow
of the shield gas in an alternating (e.g., zig-zag, S-
shaped, or tortured flow path) manner to create a turbu-
lent flow and distribute flow circumferentially around the
nozzle. As discussed above, a more evenly distributed
flow of the shield gas can be helpful to generate a more
stable plasma arc for better cutting performance.
[0062] In particular, in some embodiments, the flow
distribution system 380 can be formed by a flow directing
feature 382 extending from the shield (e.g., from the in-
terior surface of the shield) to alter (e.g., disturb, re-direct,
or reverse) the flow of shield gas passing through the
shield gas passage 175. The flow directing feature 382
can be configured to work in combination with a comple-
mentary flow receiving feature 390 defined within the out-
er surface of the nozzle to form an altered, reversed

shield gas flow path 175A within a mixing region (e.g., a
recombination region) 396 defined within the flow distri-
bution system 380. Flow reversal of at least a portion of
the shield gas passing through the shield gas flow distri-
bution system 380 is desirable.
[0063] Referring to Figures 3 and 5, the flow directing
feature 382 can include any of various physical elements
that are structurally suitable to partially obstruct (e.g., di-
rect, re-direct, reverse, or otherwise alter) the flow of the
shield gas flowing through the shield gas channel 175.
For example, the flow directing feature 382 can be in the
form of a protuberance (e.g., a flange, a baffle, a projec-
tion, a sharp bump, a protrusion, or another suitable phys-
ical element) 383 extending away from the interior sur-
face of the shield 360. In some embodiments, the flow
directing feature 382 can form a tortured flow path. Typ-
ically, as illustrated in Figures 3 and 5, the flow directing
feature 382 extends from the shield 360 in a direction
that is inconsistent (e.g., opposing) the general flow of
the shield gas flow channel 175 towards the torch tip. For
example, in some embodiments, the protuberance 383
can extend towards a proximal end of the torch (e.g.,
away from the torch tip). That is, the protuberance 383
can be directed in the opposite direction that the shield
gas and plasma gas generally travel during use.
[0064] For example, referring more particularly to Fig-
ure 5, the flow directing feature can be positioned so that
as gas flows through the shield gas flow channel and
strikes the flow directing feature 382, the gas typically
makes contact with an impingement surface 384 formed
where the flow directing member (e.g., the protuberance)
extends outwardly away from the interior surface of the
shield. As a result of this configuration, the flow directing
feature 382 (e.g., the protuberance 383) disturbs the flow
of shield gas and temporarily directs it upwardly and into
the nozzle (e.g., the flow receiving feature 390).
[0065] The various elements of the flow directing fea-
ture 382 (e.g., the protuberance 383 or the impingement
surface 384) can each be formed continuously or in one
or more segments substantially circumferentially around
the shield 360. In some embodiments, the flow directing
feature 382 may have a substantially uniform height
about the shield.
[0066] The flow receiving feature 390 typically includes
one or more elements that fit complementary with the
elements of the flow directing feature 382 (e.g., the pro-
tuberance 383 and/or the impingement surface 384) to
direct the flow of shield gas to the nozzle and shield and
to evenly distribute shield gas evenly around the bore
314. As illustrated in Figure 5, in some embodiments, the
flow receiving feature 390 includes a portion (e.g., a flow
feature, such as a ridge, a flange, a baffle, a projection,
a sharp bump, a protrusion, or another suitable physical
element) 392 that extends outwardly away from the ex-
terior surface of the nozzle to direct shield gas flow. For
example, the ridge 392 can direct shield gas flow out-
wardly towards the shield. In particular, the ridge 392 can
be complementarily positioned to direct shield gas flow
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into the impingement surface 384 of the shield. While
certain configurations have been described and illustrat-
ed, other configurations are possible. For example, as
depicted in Figure 5A, some or all of the features de-
scribed as being disposed along the nozzle (e.g., the flow
receiving feature 390) may be alternatively disposed
along a surface of the shield and some or all of the fea-
tures described as being disposed along the shield (e.g.,
the flow directing feature 382) can alternatively be dis-
posed along a surface of the nozzle.
[0067] Additionally or alternatively, the nozzle 350 can
also include a nozzle flow receiving feature (e.g., a recess
or groove) 394 to receive and re-direct a flow of gas that
is directed proximally away from the torch tip by the shield
impingement surface 384 and the protuberance 383. In
particular, the recess 394 can be formed within the outer
surface of the nozzle and define a nozzle impingement
surface 398 to receive and re-direct the flow of shield gas.
[0068] The various elements of the flow receiving fea-
ture 390 (e.g., the protuberance 392, the recess 394, or
the impingement surface 398) can each be formed con-
tinuously or in one or more segments substantially cir-
cumferentially around the nozzle 350.
[0069] During use of the torch, shield gas flow 101 is
typically directed towards the torch tip in the shield gas
flow channel 175 formed annularly between the nozzle
350 and the shield 360. In some cases, the shield gas
flow 101 flows inconsistently circumferentially around the
annular shield gas flow channel 175, for example, as a
result of the flow being provided through one or more
discrete flow channels (e.g., the ports 336) formed
around the nozzle 350. To help alleviate inconsistencies,
flow 101 can be directed into the shield impingement sur-
face 384 and the protuberance 383, which deflect and
re-direct the flow upward (i.e., away from the shield bore
314) and into the nozzle recess 394 and the nozzle im-
pingement surface 398. In some cases, the nozzle pro-
tuberance 392 helps to capture some or all of the flow
that impinges the shield impingement surface 384 to help
limit the shield gas flow 101 from inadvertently traveling
upstream within the shield gas flow channel 175. Rather,
the nozzle protuberance 392 can help to direct flow to
continue downstream (e.g., into the nozzle recess 394)
and towards the shield bore 314.
[0070] Directing the shield gas flow 101 upward into
the recess 394 (e.g., and into the mixing region 396 de-
fined therein) can have one or more effects on the flow.
The features along the nozzle and the shield that define
the mixing region 396 can also help to distribute the shield
gas more evenly within the shield gas flow channel 175
circumferentially around the bore 314. For example, the
flow 101 can impinge the shield impingement surface
384 and protuberance 383 and be directed upwardly, the
flow 101 can fill the nozzle recess 394 and be distributed
annularly (e.g., can flow circumferentially) therewithin.
As the recess 394 and the mixing channel 396 fill with
shield gas flow 101, the more evenly distributed flow can
then be directed by the nozzle impingement surface 398

downstream and out of the shield gas flow channel 175
through the shield bore 314 to surround a plasma arc. In
some cases, the shield gas flow exiting the mixing chan-
nel is substantially uniformly distributed annularly around
the nozzle.
[0071] The flow distribution system 380 is typically ar-
ranged near the distal end (e.g., the tip of the torch) close
to the shield’s bore (e.g., exit orifice) 314 to distribute the
gas flow around the shield to help create a more uniform
flow of shield gas leaving the shield bore 314. To help
limit the influence of the other flow features of the shield
or the nozzle, the flow distribution system 380 is typically
arranged closer to the shield bore 314 than most (e.g.,
all) of the other flow altering features. For example, in
some embodiments, the flow distribution system 380
(i.e., and therefore the related features on the shield and
the nozzle associated with the flow distribution system
380) is typically arranged between the shield bore 314
and shield vent ports (e.g., metering holes) 362 to limit
inconsistent flow that could be caused by gas escaping
the shield gas flow channel 175 through the vent ports
362. Additionally, in embodiments where the torch also
includes a mixing channel 322, the mixing region 396 is
typically arranged between the shield’s bore (e.g., exit
orifice) 314 and the mixing channel 322.
[0072] While the features described above with re-
spect to Figure 5 have primarily been described as pro-
viding flow distribution to create a more uniform flow, the
features may also provide increased cooling capabilities.
For example, gas flow into the recess feature on the outer
surface of the nozzle, as directed by the flow feature ex-
tending from the interior surface of the shield, can cool
the nozzle, at least in part as result of circulating, turbulent
flow generated within the recess feature.
[0073] In other aspects, nozzles used within torches
can be sized, proportioned, and configured to have in-
creased cooling capabilities either alone or in combina-
tion with any of the cooling systems or techniques dis-
cussed herein. In particular, nozzles can be designed,
proportioned, and constructed to have an increased tip
mass to volume ratio relative to the rest of the nozzle.
That is, the nozzle can have a higher concentration of
mass located at its distal tip (e.g., surrounding or near
the bore), which can help promote conductive cooling of
the nozzle for air-cooled torch embodiments. In particu-
lar, increased material mass at the distal tip or the nozzle,
especially increased material extending radially away
from the longitudinal axis can provide greater heat trans-
fer paths through which heat can travel outwardly within
the nozzle and away from the torch tip. The additional
heat conduction flow area is required to prevent prema-
ture failure of air-cooled torches for high current (e.g.,
greater than 100 Amp) torches, increase consumable or
cutting life and to maintain high cut quality at high speed,
which can be enabled based on the better cooling char-
acteristics.
[0074] For example, in some embodiments, a nozzle
can have a longitudinally shorter proximal end height, a
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wider nozzle tip (e.g., a larger end face), thicker plenum
side walls, and/or have a longer bore (i.e., a thicker ple-
num floor) that can produce greater cooling effects by
providing increased mass through which heat can travel
for cooling.
[0075] In some embodiments, referring to Figure 6, a
nozzle 500 for a gas-cooled plasma arc torch typically
includes a body (e.g., a generally hollow cylindrical body)
502. In some embodiments, the body 502 is formed of a
metal material, such as copper. The body 502 has a first,
proximal end 504 and a second, distal end 506, and a
longitudinal axis 508 that extends substantially centrally
through the cylindrical body 502. The body 502 is typically
formed of a generally annular cylindrical wall (e.g., a ple-
num side wall) 510 that extends upwardly from a base
structure 512 defined at the second end 506. The plenum
side wall 510 defines an opening to accommodate an
electrode when assembled into a torch. The width (e.g.,
the radial width) of the plenum side wall is referred to
herein as the plenum side wall thickness 511.
[0076] The base structure 512 typically defines a bore
(e.g., a cylindrical hole or a conduit) 509 centrally formed
between a plenum floor 516 and a nozzle end face 518
disposed along the distal end 506. In some embodi-
ments, the plenum floor 516 is located along a surface
or feature proximate where an electrode contacts the
nozzle to start a plasma arc (e.g., a contact start region).
The bore 509 typically has a width (e.g., diameter) 509A
and a length (e.g., a conduit length) 509B, and extends
through the end face 518 via an opening (e.g., a central
nozzle exit orifice) 514. As illustrated, in some embodi-
ments, the bore 509 can include a surface modification
along one or more of its corners including a counterbore,
a chamfer, a frusto-conical region and/or a fillet at each
end of its length (e.g., at its proximal and/or distal end).
In some cases, the bore 509 has a chamfer or a counter
bore at each end. Additionally or alternatively, the width
of the bore 509 can vary along its length or even have a
non-uniform shape along its length.
[0077] The distance between the plenum floor 516 and
the end face 518 is referred to herein as the plenum floor
thickness (e.g., a distal portion length) 517. The bore
length 509B typically corresponds (e.g., can be equal) to
the plenum floor thickness 517. In some cases, surface
modifications, such as counterbores, angled features,
chamfers, or fillets can be included in the plenum floor
thickness 517. The distance between the plenum floor
516 and the proximal end 504 is referred to herein as a
proximal end length 515. During use, plasma gas can
flow through the bore and be expelled from the nozzle at
the exit orifice 514.
[0078] The proximal end 504 is typically formed and
configured to mate with one or more features or compo-
nents of the torch. For example, in some embodiments,
the nozzle proximal end 504 can be configured to mate
against a swirl ring arranged within the torch.
[0079] In some embodiments, the nozzle has a nozzle
body length 520 that is defined by its nozzle portion (i.e.,

exclusive of a flange portion that may be included as
illustrated in Figure 6) and a nozzle width 522 in a direc-
tion that is perpendicular (e.g., transverse) to the longi-
tudinal axis and length. That is, the nozzle length 520
can include the proximal end length 515 and the distal
portion length 517, but not the length associate with ad-
ditional flanges that may be arranged for mounting the
nozzle (e.g., a nozzle body flange 530 discussed below).
[0080] The nozzle can also include the body flange 530
at the proximal end, which can be used for positioning
the nozzle or for implementing various cooling features
and techniques. In some embodiments, the proximal end
length 515A includes the distance between the plenum
floor 516 and the end of the nozzle including the flange
530. As such, an overall nozzle body length 524 can be
defined by a distance from a proximal end of the nozzle
body flange 530 to the end face 518. In some embodi-
ments, the nozzle can be designed such that the overall
nozzle body length 524 of the nozzle is greater than the
nozzle body length 520. In some embodiments, the body
flange (e.g., flange 530) can extend above the nozzle
plenum. In some embodiment, the body flange (e.g.,
flange 530) can extend a small percentage (e.g., about
5 percent to about 40 percent) above the nozzle plenum.
In some embodiments, the body flange (e.g., flange 530)
can extend about 0.13 to about 1.3 cm (about 0.05 to
about 0.5 inches) above the nozzle plenum.
[0081] As discussed above, the nozzle can have cer-
tain dimensions and proportions that are designed and
expected to produce increased cooling capabilities. For
example, the nozzle body typically has a nozzle body
length 520 that is greater than its nozzle body width 522
and where a ratio of the proximal end length 515A to the
plenum floor thickness 517 is less than about 2 (e.g., less
than about 1.4). In some embodiments, a ratio of a length
of the second, proximal portion 504 (e.g., at least partially
defined by the proximal end length 515A) to the conduit
length 509B is less than about 2 (e.g., less than about
1.4). Such proportions are expected to permit greater
amounts of heat to transfer through nozzle, for example,
outwardly (e.g., away from the bore 509) and upwardly
(e.g., away from its end face 518).
[0082] Other plasma torch nozzles, for example, noz-
zles previously manufactured by Hypertherm of Hanover,
NH have been sized and proportioned such that their
ratios of proximal end length to plenum floor thickness
(or bore length) were greater than 2. For example, one
such nozzle (i.e., a 40 Amp nozzle identified by part
number 2-014) has a proximal end length to bore length
ratio that is about 2.98. Similarly, another nozzle (i.e.,
a .059 nozzle identified by part number 3-007) has a prox-
imal end length to bore length ratio that is about 2.44.
[0083] In some embodiments, a ratio of the length of
the bore 509B to the nozzle body length 524 is greater
than about 0.25 (e.g., greater than 0.30, greater than
0.32, or greater than 0.35). Nozzles having such propor-
tions in which the length of the bore (e.g., 509B), and
therefore in some cases the thickness of the distal portion
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length, is relatively large when compared to the nozzle
body length (e.g., nozzle body length 520 or the nozzle
body length 524) can have increased mass concentrated
at the distal end, which can help to increase cooling. That
is, the increased amount of material arranged at the distal
end is expected to provide greater thermal conductivity
through which heat can transfer away from the tip for
cooling.
[0084] In some embodiments, a nozzle for which a ratio
of the conduit length (e.g., bore length) 509B to nozzle
body length 524 is greater than about 0.25 (e.g., greater
than 0.30, greater than 0.32, or greater than 0.35) can
also be configured to permit operation at a current to
nozzle body length 524 ratio of greater than about 67
amps per cm (about170 amps per inch).
[0085] Other plasma torch nozzles, for example, noz-
zles previously manufactured by Hypertherm of Hanover,
NH have been sized and proportioned such that their
ratios of conduit (or bore) length to nozzle body length
were at the lower end of the range. For example, one
such nozzle (i.e., the 40 Amp nozzle identified by part
number 2-014, referenced above) has a conduit (or bore)
length to nozzle body length ratio that is about 0.25. Sim-
ilarly, another nozzle (i.e., the .059 nozzle identified by
part number 3-007, referenced above) has a conduit (or
bore) length to nozzle body length ratio that is about 0.29.
[0086] The nozzle (e.g., the nozzle 500) can include
one or more of the features or elements discussed above
with respect to Figures 2-5 that can be implemented to
further increase cooling capabilities of the nozzle. For
example, in some embodiments, the flange 530 can in-
clude a cooling flow channel (e.g., substantially similar
to the gas channel 216 described above). Additionally,
the nozzle (e.g., the flange 530 and/or the plenum side
wall 510) can include the inlet and outlet passages that
to provide gas flow to and from the flow channel as de-
scribed with respect to Figure 2.
[0087] In some embodiments, a side wall thickness of
the plenum (e.g., the plenum side wall thickness 511) is
between an inside diameter of the plenum and an outer
diameter of the plenum, and the ratio of the plenum side
wall thickness to the width of the nozzle body (e.g., the
nozzle body width 522) is about 0.15 to about 0.19.
[0088] While the nozzle 500 has been illustrated and
described as having a certain design and features, other
configurations are possible. That is, the nozzle can in-
clude one or more of the flow features and elements as
described above with respect to Figures 2-5 without de-
parting from basic dimensions and proportions described
herein with respect to Figure 6 as providing increased
cooling properties
[0089] While certain embodiments and configurations
of systems and methods have been described herein,
other configurations are possible. That is, the various
cooling and flow distribution systems and devices de-
scribed including the gas channel 216 (and related pas-
sages and surfaces), the nozzle cooling system 310, the
nozzle-shield cooling system 320, the flow distribution

system 380, and the proportioned nozzle 500 having di-
mensions as described with respect to the example illus-
trated in Figure 6 can be implemented within a torch sys-
tem in any combination of one or more of these systems
and features. In some examples, a torch system may
include the gas channel 216 (and related passages and
surfaces), the nozzle cooling system 310, the nozzle-
shield cooling system 320, the flow distribution system
380, and/or a nozzle having the proportioned dimensions
of Figure 6.
[0090] While various embodiments have been de-
scribed herein, it should be understood that they have
been presented and described by way of example only.
The scope of the invention is defined by the claims. Thus,
the breadth and scope of a preferred embodiment should
not be limited by any of the above-described exemplary
structures or embodiments, but should be defined only
in accordance with the following claims.

Claims

1. A nozzle (200) for a gas-cooled plasma arc torch
(50), the nozzle comprising:

a nozzle body (202) having a hollow substan-
tially cylindrical proximal end (204) and a distal
end (206) that together define a nozzle body
length and a longitudinal axis (208), the body
(202) including;
an exit orifice (215) defined by the distal end of
the nozzle body (202);
a plenum within the nozzle body (202), the ple-
num extending from the proximal end of the noz-
zle body (202) to a plenum floor (212), a distance
from the plenum floor (212) to the distal end de-
fining a plenum floor thickness, and a distance
from the plenum floor (212) to the proximal end
of the nozzle body (202) defining a proximal end
length; and
a bore (214) extending from the plenum floor
(212) to the exit orifice (215), the bore (214) hav-
ing a bore length and a bore width,
wherein the nozzle body (202) has a nozzle
width in a direction transverse to the longitudinal
axis (208), wherein the nozzle body length is
greater than the nozzle width, and wherein a ra-
tio of the proximal end length to the plenum floor
thickness is less than 2.0.

2. The nozzle (200) of claim 1 wherein the nozzle (200)
further comprises a body flange at the proximal end
(204) of the nozzle body (202), an overall length of
the nozzle (200) defined by a distance from a prox-
imal end of the nozzle body flange to an end face at
the distal end (206) of the nozzle (200), such that
the overall length of the nozzle (200) is greater than
the nozzle body length,.
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3. The nozzle (200) of claim 2, wherein the body flange
extends about 0.13 to about 1.3 cm (about 0.05 to
about 0.5 inches) above the nozzle plenum (212).

4. The nozzle (200) of claim 2, wherein the proximal
end length includes the body flange.

5. The nozzle (200) of any one of claims 1 to 4, wherein
the length of the bore (214) corresponds to the ple-
num floor thickness.

6. The nozzle (200) of any one of claims 1 to 5, wherein
the bore (214) comprises a chamfer or a counter
bore.

7. The nozzle (200) of any one of claims 1 to 6, wherein
the exit orifice (215) is at an end face of the nozzle
(200).

8. The nozzle (200) of any one of claims 1 to 7, wherein
the width of the bore (214) varies along its length.

9. The nozzle (200) of any one of claims 1 to 8, wherein
the bore (214) has a chamfer or a counter bore at
each end of its length.

10. The nozzle (200) of any one of claims 1 to 9, wherein
a ratio of the length of the bore to the nozzle body
length is greater than about 0.32.

11. The nozzle (200) of any one of claims 1 to 10, wherein
a side wall thickness of the plenum is between an
inside diameter of the plenum and an outer diameter
of the plenum, and the ratio of the plenum side wall
thickness to the width of the nozzle body (202) is
about 0.15 to about 0.19.

12. The nozzle (200) of any one of claims 1 to 11, wherein
a side wall of the plenum further comprises one or
more cooling gas passages.

13. The nozzle (200) of any one of claims 1 to 12, wherein
the nozzle (200) is sized to operate in the plasma
arc torch (50) at a current flow of at least 100 amps.

14. The nozzle (200) of any one of claims 1 to 13, wherein
the ratio of the proximal end length to the plenum
floor thickness is less than about 1.4.

15. A plasma arc torch (50) comprising a nozzle (200)
according to any one of claims 1 to 14.

Patentansprüche

1. Düse (200) für einen gasgekühlten Plasma-Lichtbo-
genbrenner (50), wobei die Düse Folgendes um-
fasst:

einen Düsenkörper (202) mit einem hohlen, im
Wesentlichen zylindrischen proximalen Ende
(204) und einem distalen Ende (206), die zu-
sammen eine Düsenkörperlänge und eine
Längsachse (208) definieren, wobei der Körper
(202) Folgendes umfasst;
eine Austrittsöffnung (215), definiert durch das
distale Ende des Düsenkörpers (202);
eine Luftkammer innerhalb des Düsenkörpers
(202), wobei sich die Luftkammer vom proxima-
len Ende des Düsenkörpers (202) zu einem Luft-
kammerboden (212) erstreckt, ein Abstand vom
Luftkammerboden (212) zum distalen Ende eine
Luftkammerbodendicke definiert und ein Ab-
stand vom Luftkammerboden (212) zum proxi-
malen Ende des Düsenkörpers (202) eine pro-
ximale Endlänge definiert; und
eine Bohrung (214), die sich vom Luftkammer-
boden (212) zur Austrittsöffnung (215) erstreckt,
wobei die Bohrung (214) eine Bohrungslänge
und eine Bohrungsbreite aufweist,
wobei der Düsenkörper (202) eine Düsenbreite
in einer Richtung quer zur Längsachse (208)
aufweist, wobei die Düsenkörperlänge größer
als die Düsenbreite ist und wobei ein Verhältnis
der proximalen Endlänge zur Luftkammerbo-
dendicke kleiner als 2,0 ist.

2. Düse (200) nach Anspruch 1, wobei die Düse (200)
ferner einen Körperflansch am proximalen Ende
(204) des Düsenkörpers (202) umfasst, wobei eine
Gesamtlänge der Düse (200) durch einen Abstand
vom proximalen Ende des Düsenkörperflanschs zu
einer Endfläche am distalen Ende (206) der Düse
(200) definiert ist, sodass die Gesamtlänge der Düse
(200) größer als die Düsenkörperlänge ist.

3. Düse (200) nach Anspruch 2, wobei sich der Kör-
perflansch etwa 0,13 bis etwa 1,3 cm (etwa 0,05 bis
etwa 0,5 Zoll) über die Düsenluftkammer (212) er-
streckt.

4. Düse (200) nach Anspruch 2, wobei die proximale
Endlänge den Körperflansch umfasst.

5. Düse (200) nach einem der Ansprüche 1 bis 4, wobei
die Länge der Bohrung (214) der Luftkammerboden-
dicke entspricht.

6. Düse (200) nach einem der Ansprüche 1 bis 5, wobei
die Bohrung (214) eine Fase oder eine Gegenboh-
rung umfasst.

7. Düse (200) nach einem der Ansprüche 1 bis 6, wobei
die Austrittsöffnung (215) an einer Endfläche der Dü-
se (200) befindlich ist.

8. Düse (200) nach einem der Ansprüche 1 bis 7, wobei
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die Breite der Bohrung (214) entlang ihrer Länge va-
riiert.

9. Düse (200) nach einem der Ansprüche 1 bis 8, wobei
die Bohrung (214) eine Fase oder eine Gegenboh-
rung an jedem Ende ihrer Länge aufweist.

10. Düse (200) nach einem der Ansprüche 1 bis 9, wobei
ein Verhältnis der Länge der Bohrung zur Düsenkör-
perlänge größer als etwa 0,32 ist.

11. Düse (200) nach einem der Ansprüche 1 bis 10, wo-
bei eine Seitenwanddicke der Luftkammer zwischen
einem Innendurchmesser der Luftkammer und ei-
nem Außendurchmesser der Luftkammer ist und wo-
bei das Verhältnis der Luftkammerseitenwanddicke
zur Breite des Düsenkörpers (202) etwa 0,15 bis et-
wa 0,19 ist.

12. Düse (200) nach einem der Ansprüche 1 bis 11, wo-
bei eine Seitenwand der Luftkammer ferner einen
oder mehrere Kühlgasdurchgänge umfasst.

13. Düse (200) nach einem der Ansprüche 1 bis 12, wo-
bei
die Düse (200) dimensioniert ist, um im Plasma-
Lichtbogenbrenner (50) bei einem Stromfluss von
mindestens 100 A zu arbeiten.

14. Düse (200) nach einem der Ansprüche 1 bis 13, wo-
bei das Verhältnis der proximalen Endlänge zur Luft-
kammerbodendicke kleiner als etwa 1,4 ist.

15. Plasma-Lichtbogenbrenner (50), umfassend eine
Düse (200) nach einem der Ansprüche 1 bis 14.

Revendications

1. Buse (200) pour une torche à arc au plasma refroidie
au gaz (50), la buse comprenant :

un corps de buse (202) ayant une extrémité
proximale creuse sensiblement cylindrique
(204) et une extrémité distale (206) qui, ensem-
ble, définissent une longueur de corps de buse
et un axe longitudinal (208), le corps (202)
comportant :

un orifice de sortie (215) défini par l’extré-
mité distale du corps de buse (202) ;
une chambre à l’intérieur du corps de buse
(202), la chambre s’étendant depuis l’extré-
mité proximale du corps de buse (202) jus-
qu’à un fond de chambre (212), une distan-
ce du fond de chambre (212) à l’extrémité
distale définissant une épaisseur de fond
de chambre, et une distance du fond de

chambre (212) à l’extrémité proximale du
corps de buse (202) définissant une lon-
gueur de l’extrémité proximale ; et
un alésage (214) s’étendant depuis le fond
de chambre (212) jusqu’à l’orifice de sortie
(215), l’alésage (214) ayant une longueur
d’alésage et une largeur d’alésage,

le corps de buse (202) ayant une largeur de buse
dans une direction transversale à l’axe longitu-
dinal (208), la longueur du corps de buse étant
supérieure à la largeur de buse et un rapport de
la longueur de l’extrémité proximale à l’épais-
seur du fond de chambre étant inférieur à 2,0.

2. Buse (200) selon la revendication 1, la buse (200)
comprenant en outre une bride de corps à l’extrémité
proximale (204) du corps de buse (202), une lon-
gueur totale de la buse (200) étant définie par une
distance allant d’une extrémité proximale de la bride
de corps de buse à une face d’extrémité à l’extrémité
distale (206) de la buse (200), de telle sorte que la
longueur totale de la buse (200) soit supérieure à la
longueur du corps de buse.

3. Buse (200) selon la revendication 2, dans laquelle
la bride de corps s’étend à environ 0,13 à environ
1,3 cm (environ 0,05 à environ 0,5 pouce) au-dessus
de la chambre de buse (212).

4. Buse (200) selon la revendication 2, dans laquelle
la longueur de l’extrémité proximale inclut la bride
de corps.

5. Buse (200) selon l’une quelconque des revendica-
tions 1 à 4, dans laquelle la longueur de l’alésage
(214) correspond à l’épaisseur du fond de chambre.

6. Buse (200) selon l’une quelconque des revendica-
tions 1 à 5, dans laquelle l’alésage (214) comprend
un chanfrein ou un contre-alésage.

7. Buse (200) selon l’une quelconque des revendica-
tions 1 à 6, dans laquelle l’orifice de sortie (215) est
situé au niveau d’une face d’extrémité de la buse
(200).

8. Buse (200) selon l’une quelconque des revendica-
tions 1 à 7, dans laquelle la largeur de l’alésage (214)
varie le long de sa longueur.

9. Buse (200) selon l’une quelconque des revendica-
tions 1 à 8, dans laquelle l’alésage (214) présente
un chanfrein ou un contre-alésage à chaque extré-
mité de sa longueur.

10. Buse (200) selon l’une quelconque des revendica-
tions 1 à 9, dans laquelle un rapport de la longueur
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de l’alésage à la longueur du corps de buse est su-
périeur à environ 0,32.

11. Buse (200) selon l’une quelconque des revendica-
tions 1 à 10, dans laquelle une épaisseur de paroi
latérale de la chambre est comprise entre un diamè-
tre intérieur de la chambre et un diamètre extérieur
de la chambre, et le rapport de l’épaisseur de paroi
latérale de la chambre à la largeur du corps de buse
(202) est d’environ 0,15 à environ 0,19.

12. Buse (200) selon l’une quelconque des revendica-
tions 1 à 11, dans laquelle une paroi latérale de la
chambre comprend en outre un ou plusieurs passa-
ges de gaz de refroidissement.

13. Buse (200) selon l’une quelconque des revendica-
tions 1 à 12, la buse (200) étant dimensionnée de
manière à fonctionner dans la torche à arc au plasma
(50) avec un courant d’au moins 100 A.

14. Buse (200) selon l’une quelconque des revendica-
tions 1 à 13, dans laquelle le rapport de la longueur
de l’extrémité proximale à l’épaisseur du fond de
chambre est inférieur à environ 1,4.

15. Torche à arc au plasma (50) comprenant une buse
(200) selon l’une quelconque des revendications 1
à 14.
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