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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] Thisapplication claims the benefit of and priority
to U.S. Provisional Patent Application No. 62/756,996,
filed November 7, 2018, entitled "Plasma Torch Car-
tridge", the entire content of which is incorporated herein
by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates generally to the field of
plasma arc cutting systems and processes. More specif-
ically, the invention relates to methods and apparatuses
for simplifying, optimizing and decreasing the time and
cost of cutting through the use of improved consumable
cartridges.

BACKGROUND

[0003] Plasma arc torches are widely used in the cut-
ting and marking of materials. A plasma torch generally
includes an arc emitter (e.g., an electrode), an arc con-
strictor or constricting member (e.g., 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). The torch produces a
constricted ionized jet of a gas with high temperature and
high momentum. Gases used in the torch can be nonre-
active (e.g., argon or nitrogen) or reactive (e.g., oxygen
or air). During operation, a pilot arc is first generated be-
tween the arc emitter (cathode) and the arc constrictor
(anode). Generation of the pilot arc can be by means of
a high frequency, high voltage signal coupled to a DC
power supply and the torch or by means of any of a variety
of contact starting methods.

[0004] Known consumables suffer from a host of draw-
backs both before and during a cutting operation. Before
a cutting operation, selecting and installing the correct
set of consumables for a particular cutting task can be
burdensome and time-consuming. During operation, cur-
rent consumables encounter performance issues such
as failing to effectively dissipate and conduct heat away
from the torch and failing to maintain proper consumable
alignment and spacing. Furthermore, current consuma-
bles include substantial amounts of expensive materials,
such as Copper and/or Vespel™, which leads to signifi-
cant manufacturing costs and inhibits their widespread
commercialization, production and adoption. What is
needed is a new and improved consumable platform that
decreases manufacturing costs, increases system per-
formance (e.g., heat conduction, component alignment,
cut quality, consumable life, variability/versatility, etc.)
and eases installation and use of consumables by end
users.
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SUMMARY OF THE INVENTION

[0005] The present invention provides one or more
cost effective cartridge designs that reduce manufactur-
ing costs, facilitate cartridge commercialization and pro-
duction, improve installation and ease of use by end us-
ers, and increase system performance. In some embod-
iments, numerous traditional consumable components
(e.g., swirl ring, nozzle, shield, retaining cap, and elec-
trode components) are redesigned. In some embodi-
ments new components (e.g., an electrode sleeve, a lock
ring, and/or an interfacing insulator) are created. In some
embodiments, a conventional swirl ring is replaced with
a different feature within the torch body that imparts a
swirl to a gas flow within the torch body (e.g., a swirl
feature having flow holes built directly into a body of the
nozzle). In some embodiments, a nozzle shield is elec-
trically isolated from the nozzle (e.g., by using anodized
aluminum and/or plastic).

The invention provides, inter alia, the subject matter of
the following clauses:

1. A frame for a replaceable, unitary consumables
cartridge configured for installation into a plasma arc
torch, the frame comprising:

a hollow body adapted to receive a translatable con-
tact start electrode, the body having an internal sur-
face and an external surface, the body including:

a substantially cylindrical metallic core;

an electrically insulative overmolded plastic cas-
ing at least substantially surrounding a circum-
ference of a distal end of the substantially cylin-
drical metallic core, and

a set of flow passages fluidly connecting the ex-
ternal surface of the hollow body and the internal
surface of the hollow body, the flow passages
offset to impart a swirling fluid flow pattern to a
plasma gases passing therethrough.

2. The frame of clause 1 wherein the substantially
cylindrical metallic core is formed by stamping.

3. The frame of clause 1 wherein the substantially
cylindrical metallic core is made of brass.

4. The frame of clause 1 wherein the substantially
cylindrical metallic core includes an anodized por-
tion.

5. The frame of clause 1 wherein each flow passage
in the set of flow passages is radially offset from the
other flow passages.

6. The frame of clause 1 wherein the flow passages
have a total cross-sectional area of about one square
inch.
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7. The frame of clause1 wherein a first end of the
frame is configured to connect to a nozzle.

8. The frame of clause 7 wherein the set of flow pas-
sages extends into a further component inseparably
attached to a front of the nozzle.

9. A method of cooling a plasma arc torch, the meth-
od comprising:

providing a composite consumable having a
frame defining a plurality of holes, the composite
consumable having integrated components in-
cluding an electrode, a nozzle and a shield, the
holes fluidly connecting an external surface of
the frame and an internal surface of the frame,
the holes offset to impart a swirling fluid flow
pattern to plasma gases passing therethrough;

installing the composite consumable in the plas-
ma arc torch; and

flowing a cooling fluid through the plurality of
holes, the cooling fluid forming a fluid flow pat-
tern that cools at least one of the electrode, noz-
zle or shield,

wherein the frame is adapted to receive a trans-
latable contact start electrode and includes (i) a
substantially cylindrical metallic core; and (ii) an
electrically insulative overmolded plastic casing
at least substantially surrounding a circumfer-
ence of a distal end of the substantially cylindri-
cal metallic core.

10. The method of clause 9 wherein the substantially
cylindrical metallic core is formed by stamping.

11. The method of clause 9 wherein the substantially
cylindrical metallic core is made of brass.

12. The method of clause 9 wherein the substantially
cylindrical metallic core includes an anodized por-
tion.

13. The method of clause 9 wherein each hole in the
plurality of holes is radially offset from the other
holes.

14. The method of clause 9 wherein the holes have
atotal cross-sectional area of about one square inch.

15. The method of clause 9 wherein a first end of the
frame is configured to connect to a shield via a shield
insulator, the shield thermally coupled to the frame.

16. Amethod of manufacturing areplaceable, unitary
consumables cartridge configured for installation in-
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to a plasma arc torch, the method comprising:

providing a hollow body adapted to receive a
translatable contact start electrode, the body
having an internal surface and an external sur-
face, the body including a substantially cylindri-
cal metallic core;

overmolding an electrically insulative plastic
casing on the hollow body, the electrically insu-
lative plastic casing at least substantially sur-
rounding a circumference of a distal end of the
substantially cylindrical metallic core, and

providing a set of flow passages fluidly connect-
ing the external surface of the hollow body and
the internal surface of the hollow body, the flow
passages offset to impart a swirling fluid flow
patternto a plasmagases passing therethrough.

[0006] Insome embodiments, each cartridge compris-
es one or more of the following consumable components:
a frame or body having one or more sections; an arc
emitter (e.g., an electrode); an arc constrictor or arc con-
stricting member (e.g., a nozzle); a feature to impart a
swirl to a gas within the plasma torch (e.g., a swirl feature
builtinto the nozzle, a swirl ring, or another swirl feature);
a shield (e.g., a nozzle shield that is electrically isolated
by the use of aluminum, anodized aluminum and/or a
plastic material); an emitting element (e.g., a hafnium
emitter); and/or an end cap. In some embodiments, a
cartridge includes a substantially copper portion (e.g., a
copper inner core) and a substantially non-copper portion
(e.g., a non-copper portion external to the inner core). In
some embodiments, a cartridge can be used on a hand-
held plasma cutting system and/or a mechanized plasma
cutting system.

[0007] In some embodiments, a cartridge has a resil-
ient element, such as a spring electrode or a spring start
mechanism affixed to an electrode, integrated directly
into the cartridge and designed not to be separable or
disassemblable from the cartridge. The resilient element
can be in physical communication with the frame and/or
can be configured to pass a pilot current from the frame
to the arc emitter. The resilient element can bias the arc
emitterin a direction along an axis of the resilientelement,
e.g., by imparting a separating force. In some embodi-
ments, the separating force has a magnitude that is less
than a magnitude of a coupling force holding the cartridge
together.

[0008] In some embodiments, the cartridge has en-
hanced cooling and insulative capabilities, reduced man-
ufacturing and material costs, and/or improved recycla-
bility, durability and performance. In some embodiments,
the cartridge provides consumable components in one
integrated piece. In some embodiments, the cartridge
enables a significantly reduced torch installation time
(e.g., by a factor of 5-10); ensures that mating parts are
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always chosen correctly for a given cutting task; improves
heat dissipation and/or conduction capabilities; enables
easier recognition of appropriate consumable compo-
nents for a given cutting task; enhances consumable
alignment and/or spacing; and/or reduces operator error.
In some embodiments, heatis moved substantially away
from the torch, but not so far as to heat or melt plastic
components. In some embodiments, using a metal be-
sides copper (e.g., in a region outside an inner core of
copper components) helps move heat away from the
torch. In some embodiments, the cartridge allows specific
combinations of consumables to be pre-chosen for spe-
cific cutting tasks.

[0009] In some embodiments, the cartridge frame in-
cludes a strongly thermally conductive material, e.g., alu-
minum, copper, or another highly conductive metal. In
some embodiments, the cartridge frame is formed by
molding. In some embodiments, at least one of the first
end of the cartridge frame or the second end of the frame
includes a threaded region shaped to engage a comple-
mentary component. In some embodiments, the shield,
the arc constrictor and the frame are thermally coupled.
In some embodiments, an external surface of the frame
is shaped to connect to a retaining cap. In some embod-
iments, the cartridge includes a shield insulator connect-
ed to the frame. In some embodiments, the shield insu-
lator is press fit to the frame.

[0010] In some embodiments, a cartridge cap defines
an aperture of the arc emitter and includes a fluid sealing
surface disposed about a circumference of the arc emitter
aperture. In some embodiments, the electrode compris-
es a spring. In some embodiments, the cartridge cap ex-
tends within a base region of the arc constricting member
to a location near the set of swirl holes. In some embod-
iments, a base of the arc constricting member is formed
by molding. In some embodiments, a retaining cap is
connected to the cartridge body. In some embodiments,
the retaining cap comprises a plastic. In some embodi-
ments, the arc constricting member and the electrode
are connected to the retaining cap via a base of the arc
constricting member.

[0011] In some embodiments, a cartridge includes a
shield connected to the cartridge body. In some embod-
iments, the shield is connected to the cartridge body via
a shield insulator. In some embodiments, the shield in-
sulator is press fit to at least one of the shield or a base
of the arc constricting member. In some embodiments,
the shield insulator is electrically insulative. In some em-
bodiments, the shield insulator is thermally conductive.
In some embodiments, the shield insulator includes an-
odized aluminum. In some embodiments, a sleeve is dis-
posed about a portion of the electrode. In some embod-
iments, the sleeve includes an anodized layer formed to
electrically isolate the electrode from a base of the arc
constricting member. In some embodiments, the sleeve
includes a set of flow surfaces configured to facilitate fluid
flow within the plasma torch, e.g., to improve cooling.
[0012] In some embodiments, a cartridge (or consum-
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able assembly) includes a seal disposed within the cap
insert. In some embodiments, a cartridge includes a re-
taining cap directly connected to the gas flow diverter. In
some embodiments, the retaining cap is formed of a plas-
tic. In some embodiments, the arc constrictor and the
emissive member are connected to the retaining cap via
a swirl ring. In some embodiments, the shield insulator
is press fit to at least one of the shield and the gas flow
diverter. In some embodiments, the shield insulator is
electrically insulative. In some embodiments, the shield
insulator is thermally conductive. In some embodiments,
the shield insulator includes anodized aluminum. Insome
embodiments, the shield has a heat capacity to current
ratio of about 2 to about 4 W/m-°K-A. In some embodi-
ments, the cartridge or consumable assembly includes
a sleeve disposed about a portion of the emissive mem-
ber. In some embodiments, the sleeve includes an ano-
dized layer formed to electrically isolate the emissive
member from a base of the arc constrictor. In some em-
bodiments, the sleeve includes a set of flow surfaces.
[0013] Insomeembodiments, the cartridge is replaced
as a unit. In some embodiments, a length of the emitting
element can be adjusted to match the life of the nozzle,
such that the cartridge parts reach the end of their useful
lives at approximately the same time. In some embodi-
ments, cut quality can be similar to that achieved using
currentconsumables. In some embodiments, a cartridge
type consumable assembly including a spring electrode
disposed within a nozzle body and a sealing device dis-
posed within a lock ring. The sealing device can be con-
figured to connect to a plasma arc torch. The spring elec-
trode can include a thumbtack or contact element that
extends within the electrode body and is connected to a
spring disposed between the contact element and the
electrode body. In some embodiments, the electrode
sleeves can have shaped (e.g., scooped) front ends to
direct gas flow within the cartridge.

[0014] Inone aspect, the invention features a replace-
able cartridge for a plasma arc torch. The replaceable
cartridge includes a cartridge body having a first section
and a second section. The first and second sections are
joined at an interface to form a substantially hollow cham-
ber. The interface provides a coupling force that secures
the first and second sections together. The cartridge also
includes an arc constricting member located in the sec-
ond section. The cartridge also includes an electrode in-
cluded within the substantially hollow chamber. The car-
tridge also includes a contact start spring element affixed
to the electrode. The spring elementimparts a separating
force that biases the electrode toward at least one of the
first section or the second section of the body. The sep-
arating force hasg a magnitude that is less than a mag-
nitude of the coupling force.

[0015] In some embodiments, a gas input moves the
electrode and overcomes the separating force. In some
embodiments, at least a portion of the electrode and the
contact start spring element are irremovably disposed
within the substantially hollow chamber. In some embod-
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iments, a base of the arc constricting member is ano-
dized. In some embodiments, the cartridge has a region
with a thermal conductivity of between about 200-400
Watts per meter per degree Kelvin. In some embodi-
ments, the shield has a heat capacity to current ratio of
2-4 W/m-°K-A. In some embodiments, the cartridge in-
cludes a cap insert connected to the second section of
the cartridge body, the cap insert substantially orienting
the electrode and retaining the electrode within the car-
tridge body.

[0016] In another aspect, the invention features a
sealed cartridge unit for a plasma arc torch. The cartridge
unitincludes a substantially hollow frame including a first
substantially hollow portion defining a firstend and a sec-
ond substantially hollow portion defining a second end.
The cartridge unit includes an arc emitter located within
the frame. The arc emitter is translatable relative to the
frame. The cartridge includes an arc constrictor attached
to the second end of the frame. The cartridge includes a
resilient element in physical communication with the
frame. The resilientelementbiases the arc emitter toward
one of the first end or the second end to facilitate ignition
at or near the arc emitter.

[0017] In some embodiments, a gas input moves the
electrode and overcomes the separating force. In some
embodiments, the frame includes an electrical insulator.
In some embodiments, the frame includes at least one
of a metal or a strongly thermally conductive material. In
some embodiments, the frame is anodized. In some em-
bodiments, the cartridge includes at least one set of flow
holes, each flow hole in the set of flow holes radially offset
from the other flow holes. In some embodiments, the flow
holes have a total cross-sectional area of about one
square inch. In some embodiments, the first end is con-
figured to connect to a shield via a shield insulator, and
the shield, the arc constrictor and the frame are thermally
coupled. In some embodiments, the cartridge unit has a
region with a thermal conductivity of between about
200-400 Watts per meter per degree Kelvin. In some em-
bodiments, the cartridge includes a cartridge cap dis-
posed in the second end of the frame, the cartridge cap
shaped to contact the arc emitter and to retain the arc
emitter within the frame.

[0018] In another aspect, the invention features a re-
placeable, unitary consumable assembly for a plasma
arc torch. The consumable assembly includes a gas flow
diverter, an arc constrictor in physical communication
with the gas flow diverter, an emissive member disposed
substantially within the gas flow diverter and the arc con-
strictor, and a resilient arc initiator disposed between the
emissive member and atleast one of the gas flow diverter
or the arc constrictor. At least a portion of each of the
gas flow diverter, the arc constrictor, the emissive mem-
ber and the arc initiator are irremovably integrated within
the consumable assembly.

[0019] In some embodiments, the emissive member
includes an electrode and the arc starter includes a
spring. In some embodiments, the gas flow diverter is
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anodized. In some embodiments, the gas flow diverter
includes a cap insert located substantially opposite the
arc constrictor, the cap insert substantially orienting the
emissive member and retaining the emissive member
within the gas flow diverter. In some embodiments, a seal
is disposed within the cap insert. In some embodiments,
the consumable assembly includes a shield connected
to the gas flow diverter. In some embodiments, the shield
is connected to the gas flow diverter via a shield insulator.
[0020] In another aspect, the invention features a
frame for a replaceable, unitary consumables cartridge
configured for installation into a plasma arc torch. The
frame includes a hollow body adapted to receive a trans-
latable contact start electrode. The body has an internal
surface and an external surface. The body includes a
substantially cylindrical metallic core. The body also in-
cludes an electrically insulative overmolded plastic cas-
ing at least substantially surrounding a circumference of
a distal end of the substantially cylindrical metallic core.
The body also includes a set of flow passages fluidly
connecting the external surface of the hollow body and
the internal surface of the hollow body. The flow passag-
es offset to impart a swirling fluid flow pattern to a plasma
gases passing therethrough. In some embodiments, the
substantially cylindrical metallic core is formed by stamp-
ing.

[0021] In some embodiments, the substantially cylin-
drical metallic core is formed by stamping. In some em-
bodiments, the substantially cylindcrical metallic core is
made of brass. In some embodiments, the substantially
cylindrical metallic core includes an anodized portion. In
some embodiments, each flow passage in the set of flow
passages is radially offset from the other flow passages.
In some embodiments, the flow passages have a total
cross-sectional area of about one square inch. In some
embodiments, a first end of the frame is configured to be
inseparably connected to a nozzle such that the nozzle,
frame, and electrode are disposed as a single unit. In
some embodiments, a first end of the frame is configured
to connect to a shield via a shield insulator, the shield
thermally coupled to the frame.

[0022] In another aspect, the invention features a
method of cooling a plasma arc torch. The method in-
cludes providing a composite consumable having a
frame defining a plurality of holes. The composite con-
sumable has integrated components including an elec-
trode, a nozzle and a shield. The holes fluidly connect
an external surface of the frame and an internal surface
of the frame. The holes are offset to impart a swirling fluid
flow pattern to plasma gases passing therethrough. The
method also includes installing the composite consum-
able in the plasma arc torch. The method also includes
flowing a cooling fluid through the plurality of holes. The
cooling fluid forms a fluid flow pattern that cools at least
one of the electrode, nozzle or shield, thereby removing
at least one watt of power from the plasma arc torch dur-
ing operation. The frame is adapted to receive a trans-
latable contact start electrode. The frame includes (i) a
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substantially cylindrical metallic core; and/or (ii) an elec-
trically insulative overmolded plastic casing at least sub-
stantially surrounding a circumference of a distal end of
the substantially cylindrical metallic core.

[0023] In some embodiments, the substantially cylin-
drical metallic core is formed by stamping. In some em-
bodiments, the substantially cylindcrical metallic core is
made of brass. In some embodiments, the substantially
cylindcrical metallic core includes an anodized portion.
In some embodiments, each hole in the plurality of holes
is radially offset from the other holes. In some embodi-
ments, the holes have a total cross-sectional area of
about one square inch. In some embodiments, a first end
of the frame is configured to be inseparably connected
to a nozzle such that the nozzle, frame, and electrode
are disposed as a single unit. In some embodiments, a
first end of the frame is configured to connect to a nozzle
and/or a shield via a shield insulator, the shield thermally
coupled to the frame. In some embodiments, the set of
flow passages extends into a further component insep-
arably attached to a front of the nozzle. In some embod-
iments, the substantially cylindrical metallic core pro-
vides geometric stability, preventing the frame from
changing shape, which could cause the electrode to
cease and not slide, and/or cause the nozzle to fall off.

[0024] In another aspect, the invention features a
method of manufacturing a replaceable, unitary consum-
ables cartridge configured for installation into a plasma
arc torch. The method includes providing a hollow body
adapted to receive a translatable contact start electrode.
The body has aninternal surface and an external surface.
The body includes a substantially cylindrical metallic
core. The method includes overmolding an electrically
insulative plastic casing on the hollow body. The electri-
cally insulative plastic casing at least substantially sur-
rounds a circumference of adistal end of the substantially
cylindrical metallic core. The method also includes pro-
viding a set of flow passages fluidly connecting the ex-
ternal surface of the hollow body and the internal surface
ofthe hollow body. The flow passages are offset to impart
a swirling fluid flow pattern to a plasma gases passing
therethrough.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing discussion will be understood
more readily from the following detailed description of
the invention when taken in conjunction with the accom-
panying drawings.

Figure 1 is a cross-sectional schematic illustration
of a cartridge for a plasma arc cutting system, ac-
cording to an illustrative embodiment of the inven-
tion.

Figure 2A is an isometric illustration of a unitary car-
tridge for a plasma arc cutting system, according to
an illustrative embodiment of the invention.
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Figure 2B is a cross-sectional illustration of a unitary
cartridge for a plasma arc cutting system, according
to an illustrative embodiment of the invention.

Figure 2C is a cross-sectional illustration of a unitary
cartridge for a plasma arc cutting system, according
to an illustrative embodiment of the invention.

Figure 2D is a sectioned illustration of a plasma arc
torch cartridge frame having an overmolded plastic
casing, according to an illustrative embodiment of
the invention.

Figure 3A is an isometric illustration of an inner car-
tridge assembly for a plasma arc torch, according to
an illustrative embodiment of the invention.

Figure 3B is a cross-sectional illustration of an inner
cartridge assembly for a plasma arc torch, according
to an illustrative embodiment of the invention.

Figures 4A-4B are cross-sectional illustrations of
consumable cartridges for a plasma arc cutting sys-
tem, each cartridge having a nozzle, an electrode, a
swirl ring, a resilient element and an end cap, ac-
cording to illustrative embodiments of the invention.

Figure 5is a cross-sectional illustration of a consum-
able cartridge for a plasma arc cutting system having
anozzle, an electrode, aswirlring, aresilientelement
and an end cap, according to illustrative embodi-
ments of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 is a cross-sectional schematic illustra-
tion of a cartridge 100 for a plasma arc cutting system,
according to an illustrative embodiment of the invention.
The cartridge 100 has a first end 104, a second end 108,
and a substantially hollow frame 112 having afirst section
112A toward the firstend 104 and a second section 112B
toward the second end 108. The cartridge 100 also in-
cludes an arc emitter 120, an arc constrictor 124, and a
resilient element 128. The arc emitter 120 is located with-
in the frame 112 and is translatable relative to the frame
112. As shown, the arc constrictor 124 forms a part of
the frame 112 (e.g., at the second end 108, but in some
embodiments can be attached to the frame 112). The
resilient element 128 is in physical communication with
the frame 112, e.g., is in direct physical communication
with the first section 112A. In some embodiments, the
resilient member 128 is a contact start spring element
affixed to the arc emitter 120. The resilient element 128
can be configured to pass a pilot current from the frame
112 to the arc emitter 120. The resilient element 128 can
bias the arc emitter 120 toward one of the first end 104
or the second end 108 to facilitate ignition at or near the
arc emitter 120. The arc emitter 120 can be an electrode
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and can include a highly emissive element 122 such as
a hafnium insert.

[0027] Thefirstsection 112A and second section 112B
are joined at an interface 132 to form a substantially hol-
low chamber. The interface 132 provides a coupling force
(Feoupling) that secures the first section 112A and the sec-
ond section 112B together. The resilient member 128
can impart a separating force (Fggparating) that biases the
arc emitter 120 toward at least one of the first section
112A or the second section 112B. The separating force
can have a magnitude that is less than a magnitude of
the coupling force. In some embodiments, the coupling
force is provided at the interface 132 by at least one of
a static frictional force, an adhesive force, or a normal
force (e.g., a force countering a downward gravitational
force) provided at a notch 136 of the interface 132. In
some embodiments, the coupling force is stronger than
is possible for a person to overcome by hand, either in-
tentionally or inadvertently.

[0028] In some embodiments, the frame 112 includes
atleastone of a metal (e.g., aluminum) or other thermally
conductive material. In some embodiments, the frame
112 is formed by molding. In some embodiments, the
frame 112 is anodized (e.g., includes anodized alumi-
num, as set forth more fully below). In some embodi-
ments, the frame 112 includes an electrical insulator, for
example anodized aluminum and/orthermoplastics (e.g.,
PEEK, Torlon, Vespel, etc.). In some embodiments, at
least one of the first end 104 or the second end 108 of
the frame 112 includes a threaded region shaped to en-
gage a complementary component. In some embodi-
ments, the electrode 120 includes the resilient element
128 such as a spring.

[0029] In some embodiments, an external surface of
the cartridge 100 is shaped to connect to, or mate with,
a retaining cap or a cartridge cap (not shown). In some
embodiments, the retaining cap is replaceable, threaded,
and/or snap-on. The cartridge cap can be disposed about
(e.g., can surround) the second end 108 of the frame
112. The cartridge cap can be shaped to contact the arc
emitter 120 and to retain the arc emitter 120 within the
frame 112. The cartridge cap can define an aperture of
the arc emitter 120. The cartridge cap can include a fluid
sealing surface disposed about a circumference of the
aperture of the arc emitter 120. In some embodiments,
the cartridge cap substantially orients the electrode 120
and retains the electrode 120 within the cartridge 100. In
some embodiments, the cartridge cap includes a seal.
[0030] The cartridge 100 can be a "consumable" car-
tridge or assembly of consumable components, e.g., the
cartridge 100 can be replaced as a unit after it reaches
the end of its useful life. The cartridge 100 can be asealed
unit that is not intended to have individual component
parts replaced. In some embodiments, individual com-
ponents are irremovably disposed within or integrated
into the cartridge 100. For example, at least a portion of
the electrode 120 and the contact start spring element
128 can be irremovably disposed within the frame 112,
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e.g., sealed within the frame 112 and/or not intended to
be removed or replaced by an operator. In some embod-
iments, the cartridge 100 is a consumable component.
In some embodiments, the components (e.g., frame 112
and arc constrictor 124) may be connected via press fits
or other like means with tight tolerances and will degrade,
fracture, or fail if separated.

[0031] Figure 2Ais an isometric illustration of a unitary
cartridge 200 for a plasma arc cutting system, according
to an illustrative embodiment of the invention. Visible
from the exterior are a plastic exterior section 204, a me-
tallic exterior section 208, and a copper exterior section
212 (e.g., a nozzle shield). The plastic exterior section
204 and the metallic exterior section 208 are joined at a
junction 206. In some embodiments, the junction 206 is
included in or near a tapered region. In some embodi-
ments, the plastic exterior section 204 is a retaining cap.
In some embodiments, the metallic exterior section 208
is a shield insulator. In some embodiments, the metallic
exterior section 208 is formed substantially of a material
other than copper. In some embodiments, the copper
exterior section 212 is formed of a pure or substantially
pure copper or copper alloy. The components of the car-
tridge 200 are seen in more detail in Figure 2B, described
below.

[0032] Figure 2B is a cross-sectional illustration of a
unitary cartridge 200 for a plasma arc cutting system,
according to an illustrative embodiment of the invention.
In this view, additional elements of the cartridge 200 are
visible, including a nozzle body 216, a nozzle orifice 218,
an electrode 220 having an emitting element 222, an in-
sulator sleeve 224 having an elongated portion 224A, a
resilient element 226, and an electrode contact button
236 (e.g., made of brass). In the present invention, one
or more of these elements can be redesigned to achieve
one or more of the objectives set forth above.

[0033] For example, the nozzle body 216 can be
formed from a conductive material (e.g., a highly conduc-
tive material such as aluminum) and can be attached to
(e.g., can be in direct physical contact with) other parts
of the cartridge 200. In some embodiments, the nozzle
body 216 is in thermal communication with certain parts
of the cartridge 200 (e.g., via thermal conduction) but
electrically isolated from other parts. For example, the
nozzle body 216 can function as a heat sink for the nozzle
orifice 218 while remaining electrically isolated from the
nozzle shield 212. Such a configuration can enhance
cooling performance (for example, of the nozzle and the
electrode) and reduce manufacturing costs by compari-
son to previously used materials (e.g., as Vespel™). In
some embodiments, the cartridge has a region with a
thermal conductivity of between about 200-400 Watts per
meter per degree Kelvin (for example, aluminum may
have a thermal conductivity of between 200-250 W/m-
°K, while copper may have a thermal conductivity of be-
tween 350-400 W/m-°K). In some embodiments, the con-
sumable cartridge has a heat capacity to current ratio of
2-4 W/m-°K-A.



13 EP 4 351 280 A2 14

[0034] In addition, the nozzle body 216 includes a set
of inlet swirl holes 228 (e.g., swirl holes 228A and 228B).
In some embodiments, the set of inlet swirl holes 228
includes five swirl holes, or optionally between three and
ten swirl holes. The swirl holes 228 can be radially offset
to impart a swirl flow (e.g., radial and tangential velocity
components) to gases flowing therethrough (e.g., a
shield gas, plasma gas, and/or a plenum gas). In this
configuration, the nozzle body 216 provides the swirl
function previously provided by a swirl ring, thus elimi-
nating the need for a traditional swirl ring. In addition, in
some embodiments the nozzle body 216 is formed via a
molding process, thus eliminating the need for expensive
and time-consuming drilling procedures to create the
swirl holes. In some embodiments, the nozzle shield 212
includes an angle 232 that helps redirects fluid flow away
from the plasma arc during operation.

[0035] Figure 2C is a cross-sectional illustration of a
unitary cartridge 240 for a plasma arc cutting system,
according to an illustrative embodiment of the invention.
The unitary cartridge 240 can be similar in many respects
to the cartridge 200 shown in Figure 2B but can differ in
certain other respects. For example, the cartridge 240
utilizes a stamped torch interface 250 (e.g., a stamped
pieces of copper) having a cross-sectional "T"-shape.
The interface 250 can allow the electrode to slide more
freely than in the Figure 2B configuration, which uses an
electrode with a nipple feature that forms a mating sur-
face with the spring. In Figure 2C, the cap and the nozzle
body have been opened to ease manufacture and allow
the electrode to slide freely into the nozzle body during
cartridge assembly. The spring can then rest on the elec-
trode, and the stamped torch interface 250 can use a
small tab feature 252 to snap readily into the nozzle body,
securing the electrode therein. Such a configuration
avoids the need to press fit multiple pieces together (and,
in turn, avoids the need to have to achieve tight toleranc-
es between pieces) and/or the need to assemble different
pieces of the torch from different directions. Using the
cartridge 240, a manufacturer can simply slide the elec-
trode into place in one step.

[0036] In addition, the cartridge 240 uses a molded,
slotted swirl feature 266 to achieve the swirling function
instead of using holes drilled in the nozzle body. In this
configuration, during operation gas flows out of the slots
266 and into the plasma chamber to form the swirl gas
about the plasma arc. During operation, gas may also
flow through molded gas shield channel 254, further cool-
ing the nozzle body. Slots 266 form a set of swirl holes
once the nozzle body, nozzle orifice, and/or nozzle liner
are connected. Gas delivered to the slots is conveyed
from the torch through a chamber defined by an internal
surface of the nozzle body and an external surface of the
nozzle liner (which, in combination, form the swirl holes).
Such a configuration eliminates post-process machining
steps and the associated expenses. In addition, the car-
tridge 240 includes a radial swage connection 258 be-
tween the nozzle orifice and the nozzle body. The radial
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swage connection 258 provides a robust connection in-
terface to allow contact to be maintained between the
nozzle orifice and the nozzle body, but also exposes sig-
nificant surface area for heat to be conducted from the
nozzle orifice to the nozzle body. Finally, in this embod-
iment, the electrode sleeve is removed and replaced with
a more traditional heat exchanger.

[0037] Figure 2D is a sectioned illustration of a plasma
arctorch cartridge frame 280 having an overmolded plas-
tic casing 282, according to an illustrative embodiment
of the invention. The frame 280 includes a hollow body
284 adapted to receive a translatable contact start elec-
trode. The body 284 has an internal surface 286 and an
external surface 288. The body 284 includes a substan-
tially cylindrical metallic core 290, which can be formed
by stamping. The body 284 also includes the electrically
insulative overmolded plastic (such as a thermoset or
thermoplastic) casing 282, which at least substantially
surrounds a circumference of a distal end of the substan-
tially cylindrical metallic core 290. In some embodiments,
the body 284 also includes a set of flow passages 292
(e.g., atadistal end of the cartridge frame 280, as shown)
fluidly connecting the external surface 288 and the inter-
nal surface 286. The flow passages 292 can be offset to
impart a swirling fluid flow pattern to plasma gases pass-
ing therethrough. In one embodiment, the holes impart
a swirling flow to a plasma gas entering into the plasma
chamber into the cartridge, a portion of the plasma mov-
ing distally to generate a plasma arc and a portion of the
gas moving proximally to cool the electrode. The flow
passages 292 can be formed entirely within the plastic,
e.g., by molding, and can enable crimping with another
cartridge or torch component, e.g., the proximal end of
a nozzle or shield (not shown). The crimped component
can form part of the swirling flow passages 292.

[0038] In some embodiments, the cylindrical metallic
core 290 helps to overcome certain thermal cycling and
overheating issues with using molded plastics in a swirl
ring. Forexample, plastics used in this context can exhibit
a localized melting of the inner diameter, e.g., when the
electrode is close to end of its life. At this point the elec-
trode temperature can be higher than the melting point
of the plastic used, causing it to melt and deform. Under
these circumstances, the electrode in turn can be pre-
vented from moving freely inside the swirl ring. In extreme
cases, this malfunction can damage the torch (when the
arc can be started but the electrode cannot move). In
other failure modes, the nozzle may separate from the
frame. As a solution, thermal plastic can be overmolded
on a stamped brass piece to provide geometric stability
such that the aforementioned melting and warping does
not occur. The sleeve material can be a metal alloy and
can be used with or without a second metal coating. In
some embodiments, brass is used. Other metals that can
be used include nickel-plated brass, copper, aluminum,
steel, or other metals. Another benefit of overmolded
plastic on a brass sleeve can be a decreased cost (e.g.,
$1.30 as compared with about $5 for Vespel). Such em-
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bodiments can reduce or eliminate local melting in the
inner diameter and can provide a reliable starting per-
formance and robust torch.

[0039] Figure 3Ais an isometric illustration of an inner
cartridge assembly 300 for a plasma arc torch, according
to an illustrative embodiment of the invention. Visible
from the exterior are a shield 304 having vent holes 306
(e.g., holes 306A-D as shown), a nozzle body 308 having
flow holes or inlet swirl holes 312 (e.g., holes 312A,312B
as shown in figure 3A), a front insulator (or shield insu-
lator) 314, and a rear insulator (or lock ring) 316. These
and additional elements are described more fully in con-
junction with the cross-sectional view shown in Figure
3B below.

[0040] Figure 3B is a cross-sectional illustration of the
inner cartridge assembly 300 of Figure 3A, according to
an illustrative embodiment of the invention. In this view,
several additional components of the inner cartridge as-
sembly 300 are visible, including an electrode 320 having
an emitting element 322, an arc constrictor or nozzle or-
ifice 324, shield flow holes 328 (e.g., flow holes 328A-B
as shown) directed toward the nozzle orifice 324, an in-
sulator sleeve 332, and a cooling gas flow channel 336.
In this embodiment, the nozzle body 308 functions as the
cartridge frame to which other parts attach.

[0041] A number of features of the inner cartridge as-
sembly 300 can enhance its cooling capabilities. First,
the nozzle body 308 can be made of aluminum, which
can enhance heat conduction over previous materials
and configurations as described above. Second, the noz-
zle orifice 324 can be made of copper and can be pressed
onto the nozzle body 308. In such embodiments, the noz-
zle body 308 can serve as a heat sink for the copper
nozzle orifice 324. Third, improved gas flow surfaces,
can assistin cooling, e.g., with shield gas flowing forward
through holes 328A, 328B just outside of the press area.
A press fit arrangement can also provide improved ther-
mal conduction paths between torch parts as a result of
tight tolerances between the surfaces of the parts. In
some embodiments, the press fit arrangement includes
an interference fit and/or a tabbed or interlocking fit hav-
ing one or more step-like features. In addition, the small
size of the press fit design has the additional advantages
of reducing manufacturing and/or material costs and sim-
plifying manufacture and assembly of the components
(e.g., by having fewer parts).

[0042] The nozzle shield 304 can also be made of cop-
per and can be pressed onto an anodized aluminum in-
sulator 314 at a surface 305A. This assembly can then
be pressed onto the nozzle body 308 at a press fit surface
305B. Insuch embodiments, the shield insulator 314 con-
nects the nozzle body 308 to the shield 304. In some
embodiments, the shield insulator 314 is press fit to the
nozzle body 308. In some embodiments, the shield insu-
lator 314 is an electrically insulative ring and/or includes
a set of press-fit surfaces 305A, 305B that connect the
shield 304 and the nozzle body 308. The shield insulator
314 can connect the nozzle body 308 to the shield 304
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such that the nozzle body 308 and the shield 304 are
electrically insulated from one another while still trans-
ferring thermal energy to one another. In some embodi-
ments, using a two-piece shield insulator can increase
(e.g., double) electrical insulation abilities as a result of
increasing contact surfaces.

[0043] The nozzle shield 304 can be considerably
smaller than previous shields, allowing for efficient man-
ufacture and assembly of components, improved dura-
bility, and greater assurances of proper orientation of car-
tridge parts relative to one another. By way of example,
for a 45-amp system, a prior art stock shield might have
a diameter of about one inch and a mass of about 0.04
pounds, whereas a cartridge shield in accordance with
the current invention can have a diameter of about 0.5
inches with a mass of less than 0.01 pounds (e.g., about
0.007 pounds). For a 105-amp system, a prior art stock
shield might have a diameter of about one inch with a
mass of about 0.05 pounds, whereas a cartridge shield
in accordance with the current invention can have a di-
ameter of about a half inch with a mass of about 0.01
pounds (e.g., 0.013 pounds).

[0044] The smaller size configuration can carry signif-
icant advantages. First, components having a reduced
mass have a reduced heat capacity, which allows the
components to be rapidly cooled during post-flow and/or
allows more heat to be transferred to the cooling gas
during operation. Second, a smaller shield can attain
comparatively higher temperatures during operation and
can transfer more heat to the cooling gas. In some em-
bodiments, the nozzle shield 304 is exposed to a cold
gas entering the shield area, e.g., via shield flow holes
328, which can further reduce the temperature. The flow
holes 328 can each have a total cross sectional area of
at least about one square inch.

[0045] In some embodiments, the electrode 320 in-
cludes a base made of copper. In some embodiments,
the electrode 320 base has a small diameter with a
pressed-on insulator sleeve 332 made of anodized alu-
minum and/or plastic used for electrical isolation. Insome
embodiments, a cooling gas flow channel or gap 336
exists between the insulator sleeve 332 and the nozzle
body 308. In some embodiments, a cool gas flows in the
gap 336. In some embodiments, a "dumbbell" configura-
tion 340 defined by two end contacts 340A, 340B is used,
which can reduce or minimize contact area between the
nozzle body 308 and the insulator sleeve 332. Such a
configuration can reduce friction between parts.

[0046] Insome embodiments, the sleeve 332 contacts
the electrode 320, which can be part of a separate current
path from the nozzle body 308 and/or a different portion
of the current path from the nozzle body 308. In some
embodiments, the electrode 320 and the nozzle body
308 can be electrically separated by a gap to create the
arc and/or to ensure proper orientation of the parts in the
torch. In such embodiments, the nozzle 308 and the elec-
trode 320 can be in physical contact between the sleeve
332 and the nozzle body 308. In such embodiments, in-
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sulative layers are needed in this region so that current
is able to pass through the emitting element 322.
[0047] Insome embodiments, a wall of the nozzle body
342 near which the electrode 320 moves can stay com-
paratively cool during operation as gas flow passes both
on the inside of the nozzle body 308 and directly across
an exterior surface 344 of the nozzle 324. The material
choice (e.g., aluminum or another metal) for the nozzle
body 342 design provides for a better conduction path
and heat sink ability as compared with previous materials
such as Vespel™. Such factors assist in cooling the elec-
trode isolation piece and allow the electrode to function
even after a deep pit is formed in the emitting element
from electrode use.

[0048] In some embodiments, a lock ring 316 (or iso-
lation ring) forms an interface 346 between the cartridge
300 and the torch. In some embodiments, the lock ring
316 can be made of anodized aluminum. The lock ring
316 can be pressed into the nozzle body to "trap" the
moveable electrode 320. The lock ring 316 can contain
the components within the cartridge 300 and electrically
isolate the torch. In some embodiments, the lock ring 316
is replaced by heat shrinking or gluing. In some embod-
iments, the lock ring 316 is shaped to orient the cartridge
300 (e.g., axially), to optimize gas flow, to enable elec-
trical connection to the cathode, and/or to provide elec-
trical isolation.

[0049] In various embodiments described herein, the
cartridges or consumable assemblies are about 3.5 inch-
esinlength and 1.1 inches in diameter. In some embod-
iments, the retaining cap is considered part of the torch,
e.g., not a consumable component. In such configura-
tions, machining steps can be minimized, with no ma-
chining necessary after assembly (as compared to some
torch assembilies that require a final machining step to
achieve functional axiality of the cartridge). In some em-
bodiments, the reduction in swirl holes can minimize drill-
ing operations compared to prior art swirl rings. In some
embodiments, replacing Vespel™ with aluminum can sig-
nificantly reduce manufacturing costs of the cartridge. In
some embodiments, copper is used only in certain loca-
tions in the electrode, nozzle, and/or orifice, which can
reduce manufacturing costs by reducing the use of this
expensive material. For example, copper can be concen-
trated primarily in an inner core or region. While copper
can be desirable for its thermal and electrical properties,
it is also more expensive than other materials, and so
designs that minimize its usage are sought.

[0050] Figures 4A-4B and 5 are cross-sectional illus-
trations of consumable cartridges for a plasma arc cutting
system, each cartridge having a nozzle, an electrode, a
swirl ring, a resilient element and an end cap, according
to illustrative embodiments of the invention. Figure 4A
shows an exemplary cartridge design 400. As shown,
the cartridge 400 includes a swirl ring 402, an end cap
406, a nozzle 408 and an electrode 404. The electrode
404 can be a spring-forward electrode for a contact start
plasma arc torch, where a resilient element 412 (e.g., a
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spring) exerts a separating force on the distal end of the
electrode 404 to bias the electrode 404 away from the
end cap 406 and toward the nozzle 408. The resilient
element 412 can also be a part of the cartridge 400. The
cartridge 400 can include a starting mechanism for con-
tact starting a plasma arc torch upon assembly into the
torch.

[0051] The swirlring 402 can extend substantially over
the length of the electrode 404 along a longitudinal axis
410 of the electrode 404. In some embodiments, the swirl
ring 402 is manufactured through injection molding of
high-temperature thermoplastics (e.g., PAIl, PEI, PTFE,
PEEK, PEKPEKK, etc). Use of thermoplastics to manu-
facture swirl rings can reduce cartridge cost in compari-
son to Vespel™, which is a material that has been used
to manufacture swirl rings, but is comparatively more ex-
pensive. It is known that thermoplastics have operating
temperatures that are lower than Vespel™ (a thermoset),
which can impact the integrity of swirl rings and electrode
life. However, the cartridge designs of the present tech-
nology, which can incorporate swirl rings made from ther-
moplastics resins having various fortifying additives that
provide the desired thermal resistance and/or thermal
conductivity (e.g., glass fibers, minerals, boron nitride
(BN), and/or Cubic BN), have resolved the high temper-
ature performance issues, thus enabling the effective use
of thermoplastics in these cartridges. This is achieved
since (1) thermoplastics have a sufficently high-temper-
ature resistance and (2) a cartridge design that properly
incorporates thermoplastics can avoid exposure of the
thermoplastics to excessive temperatures during opera-
tion. In addition, when an electrode experiences an end-
of-life event, which is also the end of life of the cartridge,
the simultaneous melting of the plastic material is not
problematic.

[0052] The end cap 406 can be made of a conductive
material, such as copper. The end cap 406 can be inex-
pensively formed via stamping from a material blank and
can be irremoveably inserted, press fit or over molded
onto the cartridge 400. The end cap 406 is configured to
contain the resilient element 412 within the cartridge 400
and compress the resilient element 412 against the distal
end of the electrode 404 such that the resilient element
412 exerts a separating force on the distal end of the
electrode 404 to bias the electrode 404 toward the nozzle
408. In some embodiments, end cap 406 may be shaped
to matingly engage a patterned torch head and/or may
include a set of fluid flow holes formed therethrough.
[0053] In some embodiments, an unreleasable snap-
fitinterface 414 is formed between the swirl ring 402 and
the nozzle 408 to join the two consumable components
together as a part of the cartridge 400. In addition, a sec-
ond snap-fit interface 416 can be formed between the
swirl ring 402 and the end cap 406 to join the two con-
sumable components together as a part of the cartridge
400. Other manufacturing and assembly options are
available and viable. For example, the swirl ring 402 can
be over-molded onto the end cap 406. The end cap 406
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can also be capsulated by the swirl ring 402 and the re-
silient element 412 (e.g., a spring), where the end cap
406 can move within the cartridge 400.

[0054] Figure 4B shows another exemplary cartridge
design 450. As shown, the cartridge 450 includes a swirl
ring 452, an end cap 456, a nozzle 458 and an electrode
454. In some embodiments, the cartridge 450 also in-
cludes a resilient element 462 that functions similarly as
the resilient element 412 of FIG. 4A. The cartridges of
Figures 4A and 4B have different electrodes (e.g., differ-
ent sizes of heat exchanger flanges, circumferential
flange for uniform flow), different nozzles (e.g., different
swirl ring attachment), and different swirl rings (e.g., dif-
ferent swirl holes and attachment). Inthe cartridge design
450 of Figure 4B, an interface 464 is formed as the swirl
ring 452 is inserted into position in relation to the nozzle
458. Another interface 466 can be formed between the
swirl ring 452 and the end cap 456.

[0055] Figure 5shows anotherexemplary cartridge de-
sign 500. As shown, the cartridge 500 includes a swirl
ring 502, a sleeve 514, an end cap 506, a nozzle 508
and an electrode 504. In some embodiments, the car-
tridge 500 also includes aresilient element 512 that func-
tions similarly as the resilient element 512 of Figure 4A.
The sleeve 514 and/or end cap 506 can be made from
a conductive material (e.g., copper) using a stamping
method. The sleeve 514 can be press fit or over molded
onto the cartridge 500. The end cap 506 can be a part
of the sleeve 514. Therefore, the sleeve 514 and the end
cap 506 can be constructed as a single component piece.
[0056] As shown, the swirl ring 502 can be relatively
short in comparison to the swirl ring 402 such that the
swirl ring 502 only extends along a portion of the length
of the electrode 504 in the longitudinal axis 510. Similar
to the swirl ring 402, the swirl ring 502 can be manufac-
tured through injection molding of high-temperature ther-
moplastics (e.g., Torlon™). A snap-fit interface 520 can
be formed between the swirl ring 502 and the nozzle 508
to join the two consumable components together as a
part of the cartridge 500. Another snap-fit interface 518
can be formed between the swirl ring 502 and the sleeve
514 to join the two consumable components together as
a part of the cartridge 500. Alternatively, the swirl ring
502 can be over-molded onto the sleeve 514.

[0057] There are many benefits associated with using
a cartridge in a plasma arc torch. First, such a design
promotes ease of use through quick change capabilities,
short setup time and ease of consumable selection for
an end user. It also provides consistent cut performance
because a suite of consumables are changed at once
when the cartridge is changed. In contrast, variation in
performance is introduced when components are
changed individually at differenttimes. For example, long
term re-use of the same swirl ring can cause dimensional
alteration after each blowout, thereby altering the per-
formance quality even if all other components are
changed regularly. In addition, since the manufacturing
and/or installation cost of a cartridge is lower than the
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combined cost of a set of consumables, there is a lower
cost associated with per cartridge change than per
change of a set of consumables. Furthermore, different
cartridges can be designed to optimize torch operation
with respect to different applications, such as marking,
cutting, maintaining long life, etc.

[0058] While the invention has been particularly shown
and described with reference to specific preferred em-
bodiments, it should be understood by those skilled in
the art that various changes in form and detail may be
made therein without departing from the spirit and scope
of the invention as defined by the following claims.

Claims

1. Aframe for a cartridge that can be replaced as a unit,
the cartridge configured for installation into a plasma
arc torch, the frame comprising:

a hollow body adapted to receive a translatable con-
tact start electrode, the body having an internal sur-
face and an external surface, the body including:

a substantially cylindrical metallic core;

an electrically insulative casing atleast substan-
tially surrounding a circumference of a distal end
of the substantially cylindrical metallic core, and
a set of flow passages fluidly connecting the ex-
ternal surface of the hollow body and the internal
surface of the hollow body, wherein each flow
passage in the set of flow passages is radially
offset from the other flow passages to impart a
swirling fluid flow pattern to a plasma gas pass-
ing therethrough.

2. Theframe of claim 1 wherein the substantially cylin-
drical metallic core is formed by stamping.

3. Theframe of claim 1 wherein the substantially cylin-
drical metallic core is made of brass.

4. The frame of claim 1 wherein the substantially cylin-
drical metallic core includes an anodized portion.

5. Theframe of claim 1 wherein the flow passages have
atotal cross-sectional area of about one square inch.

6. The frame of claim 1 wherein the frame is configured
to connect to a torch component.

7. The frame of claim 6 wherein any one or more of the
following applies:

a) the frame is configured to connect to the torch
component via an unreleasable snap-fit inter-
face;

b) afirstend of the frame is configured to connect
to the torch component via an unreleasable
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snap-fit interface;

c) the frame is configured to be inseparably con-
nected to the torch component;

d) a first end of the frame is configured to be
inseparably connected to the torch component;
e) the torch componentis a nozzle or a shield; or
f) the frame is configured to connect the body of
the frame to a torch component.

The frame of claim 6 wherein the set of flow passages
extends into a further component inseparably at-
tached to a front of the nozzle.

A method of cooling a plasma arc torch, the method
comprising:

providing a cartridge comprising the frame of
claim 1, the cartridge having integrated compo-
nents including the electrode, a nozzle and a
shield;

installing the cartridge in the plasma arc torch;
and

flowing a cooling fluid through the plurality of
passages, the cooling fluid forming a fluid flow
pattern that cools at least one of the electrode,
nozzle or shield.

The method of claim 9 wherein

a) the substantially cylindrical metallic core is
formed by stamping; or

b) the substantially cylindrical metallic core is
made of brass.

The method of claim 9 wherein the substantially cy-
lindrical metallic core includes an anodized portion.

The method of claim 9 wherein the holes have a total
cross-sectional area of about one square inch.

The method of claim 9 wherein afirstend of the frame
is configured to connect to the shield via a shield
insulator, the shield thermally coupled to the frame.

A method of manufacturing the frame of claim 1, the
method comprising:

providing a hollow body adapted to receive a
translatable contact start electrode, the body
having an internal surface and an external sur-
face, the body including a substantially cylindri-
cal metallic core;

providing an electrically insulative plastic casing
on the hollow body, the electrically insulative
plastic casing at least substantially surrounding
a circumference of a distal end of the substan-
tially cylindrical metallic core, and

providing a set of flow passages fluidly connect-
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ing the external surface of the hollow body and
the internal surface of the hollow body, wherein
each flow passage in the set of flow passages
is radially offset from the other flow passages to
impart a swirling fluid flow pattern to a plasma
gas passing therethrough.

15. A composite consumable having a frame defining a

plurality of holes, the composite consumable having
integrated components including an electrode, a
nozzle and a shield, wherein the holes fluidly connect
an external surface of the frame and an internal sur-
face of the frame; the holes are offset to impart a
swirling fluid flow pattern to plasma gases passing
therethrough; the frame is adapted toreceive a trans-
latable contact start electrode; and the frame in-
cludes (i) a substantially cylindrical metallic core;
and/or (ii) an electrically insulative overmolded plas-
tic casing atleast substantially surrounding a circum-
ference of a distal end of the substantially cylindrical
metallic core.
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