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Description

TECHNICAL FIELD

[0001] The invention relates to a component for contact
start plasma arc torches and to a method of operating a
contact start plasma arc torch.

BACKGROUND

[0002] Material processing apparatus, such as plasma
arc torches and lasers are widely used in the cutting and
marking of metallic materials known as workpieces. A
plasma arc torch generally includes a torch body, an elec-
trode mounted within the body, a nozzle with a central
exit orifice, electrical connections, passages for cooling
and arc control fluids, a swirl ring to control the fluid flow
patterns, and a power supply. Gases used in the torch
can be nonreactive (e.g., argon or nitrogen), or reactive
(e.g., oxygen or air). The torch produces a plasma arc,
which is a constricted ionized jet of a plasma gas with
high temperature and high momentum.
[0003] One method for producing a plasma arc in a
plasma arc torch is the contact start method. The contact
start method involves establishing physical contact and
electrical communication between the electrode and the
nozzle to create a current path between them. The elec-
trode and the nozzle can cooperate to create a plasma
chamber within the torch body. An electrical current is
provided to the electrode and the nozzle, and a gas is
introduced to the plasma chamber. Gas pressure builds
up until the pressure is sufficient to separate the electrode
and the nozzle. The separation causes an arc to be
formed between the electrode and the nozzle in the plas-
ma chamber. The arc ionizes the introduced gas to pro-
duce a plasma jet that can be transferred to the workpiece
for material processing. In some applications, the power
supply is adapted to provide a first electrical current
known as a pilot current during generation of the arc and
a second current known as a transferred arc current when
the plasma jet has been transferred to the workpiece.
[0004] Various configurations are possible for gener-
ating the arc. For example, the electrode can move within
the torch body away from the stationary nozzle. Such a
configuration is referred to as the "blow-back" contact
start method because the gas pressure causes the elec-
trode to move away from the workpiece. In another con-
figuration, the nozzle can move away from the relatively
stationary electrode. Such a configuration is referred to
as the "blow-forward" contact start method because the
gas pressure causes the nozzle to move toward the work-
piece. In still another configuration, other torch compo-
nents (e.g., the swirl ring) can be moved between the
stationary electrode and nozzle.
[0005] Certain components of the material processing
apparatus deteriorate over time from use. These "con-
sumable" components include, in the case of a plasma
arc torch, the electrode, swirl ring, nozzle, and shield.

Furthermore, in the process of starting the torch using
the contact start method, various consumable compo-
nents can become misaligned, which reduces the useful
life of the components as well as the accuracy and re-
peatability of plasma jet location. Ideally, these compo-
nents are easily replaceable in the field. Nevertheless,
replacing consumable components can result in down
time and reduced productivity.
[0006] In the blow-back method of contact starting a
plasma arc torch, the electrode is moved away from the
nozzle to initiate a pilot arc between the electrode and
the nozzle. A proximal end of the electrode (e.g., remote
from the workpiece) engages a power contact that forms
a part of the torch body. Movement of the electrode away
from the nozzle also moves the power contact. Repeated
use of the torch results in wear on both the power contact
and on the electrode. Replacing the electrode is routine
in plasma arc torch operation and the process is routinely
performed. However, replacing the power contact in-
volves disassembling the torch body and can be time-
consuming and expensive because the power contact is
not designed to be a consumable component. Some
blow-back torches involve moving the power contact with
respect to the relatively stationary torch body. Movement
of such a power contact and the effectiveness of the torch
can be affected by the stiffness or rigidity of the power
cable that connects the power contact to the power sup-
ply.
[0007] For example, FIG. 1 is a cross section of a
known contact start plasma arc torch. The system 100
includes a power supply (not shown) in electrical com-
munication over a current-carrying cable 104 with a pow-
er contact 108 that provides current to the torch 112. The
torch 112 includes a cathode block 116 electrically insu-
lated from and surrounding the power contact 108. The
power contact 108 abuts a proximal end 120 of an elec-
trically conductive electrode 124. A spring 128 disposed
within the cathode block 116 reacts against a surface
132 of the cathode block 116 to urge the power contact
108 and electrode 124 toward an electrically conductive
nozzle 136. The electrode 124 is urged into contact with
the nozzle 136 by the spring prior to initiation of an arc
for processing a workpiece (not shown).
[0008] A current path is established from the cable 104
to the power contact 108, the electrode 124, and the noz-
zle 136. Electrical current can be passed along the cur-
rent path. The electrode 124 cooperates with the nozzle
136 to form a portion of a plasma chamber 140. A plasma
gas can be supplied to the plasma chamber 140 to in-
crease pressure within the plasma chamber 140 and
overcome the force provided by the spring 128. The pres-
sure forces the electrode 124 and the power contact 108
away from the nozzle 136. A potential difference devel-
ops between the electrode 124 (e.g., the cathode) and
the nozzle 136 (e.g., the anode) as the gap 144 between
the electrode 124 and the nozzle 136 increases. An arc
(not shown) ionizes gas particles and is initiated across
the gap 144 for workpiece processing.
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[0009] One drawback of the system 100 is that the pow-
er contact 108 is required to move as the electrode 124
moves to initiate an arc. As the current carrying capacity
of the cable 104 increases, the size of the cable 104
increases, but the flexibility of the cable 104 decreases.
The decreased flexibility of the cable 104 reduces the
versatility and maneuverability of the torch 112. Addition-
ally, the power contact 108 and the cathode block 116
require relatively tight tolerances (e.g., with relatively
small clearance between the power contact 108 and the
cathode block 116). The relatively tight tolerances posi-
tion and guide the power contact 108 during motion of
the power contact 108, for example, during initiation of a
pilot arc.
[0010] Document WO 2007/098144 A2 describes
electrodes for a contact start plasma arc torch including
an elongated electrode body formed of an electrically
conductive material, wherein the electrode body is mov-
able relative to the torch.

SUMMARY

[0011] There is a need for an electrode for use in a
contact start plasma arc torch that optimizes operation
of the torch without prematurely failing. Further, there is
a need for a contact start torch that employs the concepts
herein to maximize component lifetime within existing
torch designs. It is therefore an object of the invention to
provide a longer-lasting electrode and components for
use with an electrode in a plasma arc torch. Another ob-
ject is to provide a configuration that reduces wear on
components of the torch that are not designed as con-
sumables. Yet another object is to provide aligning fea-
tures with respect to torch components during torch op-
eration (e.g., pilot arc and transferred arc mode).
[0012] Disclosed is a component for a contact start
plasma arc torch. The component includes a hollow body
defining a channel with a longitudinal axis. The channel
is capable of slideably receiving an electrode body along
the longitudinal axis. The component also includes a con-
tact element disposed in the hollow body. The contact
element includes a first surface and a second surface.
The first surface facilitates electrical communication with
a power supply and the second surface physically con-
tacts a surface of the electrode body when the plasma
arc torch is operated in a transferred arc mode. The sec-
ond surface is characterized by the absence of physical
contact with the surface of the electrode body when the
torch is operated in a pilot arc mode.
[0013] The component may include a swirl ring portion
defining an exterior portion, an interior portion and one
or more holes passing from the exterior portion to the
interior portion for imparting a swirling motion to a fluid.
The swirl ring portion can be formed integrally with the
hollow body. The hollow body may include a swirl ring
portion.
[0014] The component may include a resilient element
contacting the electrode body when the electrode body

is inserted into the channel. The resilient element is con-
figured to impart a separation force upon the electrode
body. The resilient element may be secured to the chan-
nel by a diametral interference fit. The resilient element
can be coupled to the contact element. The component
may include a power contact in electrical communication
with the power supply and the first surface of the contact
element.
[0015] The contact element may be stationary. The
channel may include a shoulder for retraining a longitu-
dinal movement of the contact element. An interior sur-
face of the channel may comprise an insulating material.
[0016] Disclosed is a method of operating a contact
start plasma arc torch is provided. The method includes
slideably receiving an electrode body in a channel along
a longitudinal axis. The channel is defined by a hollow
body of a component of the plasma arc torch. The method
includes facilitating, when the plasma arc torch is oper-
ated in a transferred arc mode, i) electrical communica-
tion between a power supply and a first surface of a con-
tact element disposed in the channel, and ii) physical
contact between a second surface of the contact element
and a surface of the electrode body. The method further
includes maintaining the absence of physical contact be-
tween the second surface of the contact element and the
surface of the electrode body when the plasma arc torch
is operated in a pilot arc mode.
[0017] The method may include imparting a swirling
motion to a fluid by passing the fluid over one or more
holes from an exterior surface to an interior surface of
the component. The method may include imparting a
separation force upon the electrode body via a resilient
element disposed between the second surface of the
contact element and the surface of the electrode body.
The method may include coupling the resilient element
to the contact element. The method may include restrain-
ing a longitudinal movement of the contact element in
the channel.
[0018] The method may include insulating an interior
surface of the channel. The method may include facili-
tating electrical communication between a power contact
and the first surface of the contact element. The power
contact can be in electrical communication with the power
supply.
[0019] In another aspect, a component for a contact
start plasma arc torch is provided. The component in-
cludes a hollow body defining a channel with a longitu-
dinal axis. The channel is capable of slideably receiving
an electrode body along the longitudinal axis. The com-
ponent includes a first contact element disposed in the
hollow body. The first contact element includes a first
contact element surface and a second contact element
surface. The component also includes a supplemental
contact element disposed in the hollow body. The sup-
plemental contact element includes a first supplemental
contact element surface and a second supplemental con-
tact element surface. The first supplemental contact el-
ement surface physically contacts the second contact
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element surface and the second supplemental contact
element surface physically contacts a surface of the elec-
trode body when the plasma arc torch is operated in a
transferred arc mode.
[0020] In some embodiments, the component includes
a swirl ring portion defining an exterior portion, an interior
portion and one or more holes passing from the exterior
portion to the interior portion for imparting a swirling mo-
tion to a fluid. In some embodiments, the swirl ring portion
is formed integrally with the hollow body.
[0021] In some embodiments, the component includes
a resilient element disposed between the second contact
element surface and the first supplemental contact ele-
ment surface in the channel. The resilient element is con-
figured to impart a separation force upon the supplemen-
tal contact element. The resilient element can be secured
to the channel by a diametral interference fit. In some
embodiments, the resilient element is coupled to at least
one of the first contact element or the supplemental con-
tact element.
[0022] In some embodiments, the first contact element
is stationary. In some embodiments, the supplemental
contact element is translatable relative to the first contact
element. In some embodiments, an interior surface of
the channel includes an insulating material.
[0023] In some embodiments, the component includes
a power contact in electrical communication with the pow-
er supply and the first contact element surface of the first
contact element.
[0024] In another aspect, a method of operating a con-
tact start plasma arc torch is provided. The method in-
cludes slideably receiving an electrode body in a channel
along a longitudinal axis. The channel can be defined by
a hollow body of a component for the plasma arc torch.
The method includes facilitating electrical communica-
tion between a power supply and a first contact element
surface of a first contact element disposed within the
channel. The method further includes facilitating, when
the plasma arc torch is operated in a transferred arc
mode, i) physical contact between a second contact el-
ement surface of the first contact element and a first sup-
plemental contact element surface of a supplemental
contact element disposed within the channel, and ii)
physical contact between a second supplemental contact
element surface of the supplemental contact element and
a surface of the electrode body.
[0025] In some embodiments, the method includes im-
parting a swirling motion to a fluid in the component by
passing the fluid over one or more holes from an exterior
surface to an interior surface of the component. In some
embodiments, the method includes imparting a separa-
tion force upon the supplemental contact element via a
resilient element disposed between the second contact
element surface and the first supplemental contact ele-
ment surface.
[0026] In some embodiments, the method includes at-
taching the resilient element to at least one of the first
contact element or the supplemental contact element. In

some embodiments, the method includes translating the
supplemental contact element relative to the first contact
element during the transferred arc mode. In some em-
bodiments, the method includes insulating an interior sur-
face of the channel.
[0027] In some embodiments, the method includes fa-
cilitating electrical communication between a power con-
tact and the first contact element surface of the first con-
tact element. The power contact is in electrical commu-
nication with the power supply.
[0028] An assembly for a contact start plasma arc torch
is disclosed. The assembly may include a hollow body
defining a longitudinal axis. The hollow body is capable
of slideably receiving an electrode body along the longi-
tudinal axis. The assembly may include a contact ele-
ment disposed in the hollow body. The contact element
includes a first surface and a second surface. The first
surface is capable of facilitating electrical communication
with a power supply and the second surface physically
contacts a surface of the electrode body when the elec-
trode body is inserted into the hollow body. The assembly
may include a resilient element connected to the contact
element in the hollow body. The resilient element phys-
ically contacts the electrode body and imparts a separa-
tion force upon a surface of the electrode body when the
electrode body is inserted into the hollow body.
[0029] The resilient element may pass substantially all
of a pilot arc current to the electrode body when the torch
is operated in a pilot arc mode. The assembly may include
a conductive element for passing substantially all of a
pilot arc current to the electrode body when the torch is
operated in a pilot arc mode.
[0030] The assembly may be a consumable compo-
nent of the plasma arc torch. The assembly may include
a nozzle, a shield, a swirl ring or a retaining cap, or a
combination thereof.
[0031] The resilient element may be in physical contact
with the contact element.
[0032] Disclosed is an electrode for a contact start
plasma arc torch. The electrode may include an elongat-
ed electrode body formed of an electrically conductive
material. The electrode body defines a longitudinal axis.
The electrode may also include a contact element, which
includes a first surface and a second surface. The first
surface facilitating electrical communication with a power
supply and the second surface physically contacts a sur-
face of the electrode body when the torch is operated in
a transferred arc mode. The electrode may include a re-
silient element between a proximal end of the electrode
body and the contact element. The resilient element im-
parts a separation force between the second surface of
the contact element and a surface of the electrode body.
The electrode may further include a conductive element
for: i) passing at least substantially all of a pilot arc current
to the electrode body when the torch is operated in a pilot
arc mode, or ii) passing at least substantially all of a trans-
ferred arc current to the electrode body when the torch
is operated in a transferred arc mode, or a combination
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thereof.
[0033] The electrode may include an insulating mate-
rial between the resilient element and the electrode body,
or between the contact element and the resilient element,
or a combination thereof, for preventing the resilient el-
ement from passing at least one of the pilot arc current
or the transferred arc current to the electrode body. The
resilient element may be made of a non-conductive ma-
terial.
[0034] The conductive element may be a wire in elec-
trical communication with the contact element and the
electrode body. The conductive element may be a probe
at least partially embedded in the electrode body. The
probe is adapted to maintain physical contact with the
contact element. The conductive element is a second
resilient element coupled to at least a portion of the elec-
trode body and in physical contact with the contact ele-
ment. The conductive element may be configured to pass
substantially all of the pilot arc current and the transferred
arc current.
[0035] The electrode may include an insulating mate-
rial between the second surface of the contact element
and the surface of the electrode body for preventing the
transferred arc current from being passed from the con-
tact element to the electrode body during the transferred
arc mode.
[0036] An electrode for a contact start plasma arc torch
is disclosed. The electrode may be in electrical commu-
nication with a power supply. The electrode may include
an elongated electrode body formed of an electrically
conductive material. The electrode body defines a longi-
tudinal axis. The electrode may include a resilient ele-
ment adjacent to a proximal end of the electrode body.
The resilient element is capable of i) passing at least
substantially all of a pilot arc current to the electrode body
when the torch is operated in a pilot arc mode, and ii)
passing at least substantially all of a transferred arc cur-
rent to the electrode body when the torch is operated in
a transferred arc mode.
[0037] Further disclosed there is a method of operating
a contact start plasma arc torch. The method may include
providing an electrode for the plasma torch. The elec-
trode may include an electrode body defining a longitu-
dinal axis. The electrode body includes a proximal end
adjacent to a resilient element. The method may include
passing at least substantially all of a pilot arc current gen-
erated by a power supply to the electrode body via the
resilient element during a pilot arc operation of the torch.
The method may further include passing at least sub-
stantially all of a transferred arc current generated by the
power supply to the electrode body via the resilient ele-
ment during a transferred arc operations of the torch.
[0038] The aspects above can include one or more of
the above features. One embodiment may provide all of
the above features and advantages. These and other
features will be more fully understood by reference to the
following description and drawings, which are illustrative
and not necessarily to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a cross section of a known contact start
plasma arc torch.
FIG. 2A is an exploded view of an electrode body, a
conductive resilient element, and a power contact.
FIG. 2B illustrates a cross section of an exemplary
contact start plasma arc torch employing the com-
ponents of FIG. 2A prior to pilot arc operation.
FIG. 2C illustrates a cross section of the plasma arc
torch of FIG. 2B during transferred arc mode.
FIG. 3A is a cross section of an exemplary embod-
iment of an electrode for use in a contact start plasma
arc torch.
FIG. 3B is a more detailed illustration of the compo-
nents of the electrode of FIG. 3A prior to assembly
of an embodiment of the electrode.
FIG. 4A depicts a cross section of an exemplary con-
tact start plasma arc torch including illustrative com-
ponents in a configuration prior to pilot arc operation.
FIG. 4B illustrates a cross section the plasma arc
torch of FIG. 4A including illustrative components in
a configuration during transferred arc mode.
FIG. 5A depicts a cross section of an exemplary elec-
trode including a contact element and a resilient con-
ducting element disposed within a receptacle of the
electrode body.
FIG. 5B depicts the electrode of FIG. 5A disposed
in a transferred arc mode.
FIG. 6A depicts a cross section of an exemplary elec-
trode including a contact element and resilient con-
ducting element disposed at a proximal end of the
electrode body.
FIG. 6B depicts the electrode of FIG. 6A disposed
in a transferred arc mode.
FIG. 7A depicts a partially exploded view of an ex-
emplary contact element, resilient element, and
power contact.
FIG. 7B depicts the components of FIG. 7A disposed
in a plasma arc torch operation.
FIG. 8A depicts a cross section of another embodi-
ment of an electrode body, resilient conductive ele-
ment, and contact element prior to installation within
a plasma arc torch.
FIG. 8B illustrates the configuration of the compo-
nents of FIG. 8A during transferred arc mode.
FIG. 9 depicts a cross section of another embodi-
ment of an electrode.
FIG. 10A is a perspective view of an exemplary con-
tact element and resilient conductive element.
FIG. 10B is a cross-sectional view of a portion of a
plasma arc torch employing the components of FIG.
10A during pilot arc operation.
FIG. 11A depicts an exemplary contact element for
use in a contact start plasma arc torch.
FIG. 11B depicts the contact element of FIG. 11A
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rotated 90° about a vertical axis.
FIG. 12 shows an embodiment of an electrode for
use in a contact start plasma arc torch.
FIG. 13 shows another embodiment of an electrode
for use in a contact start plasma arc torch.
FIG. 14 shows another embodiment of an electrode
for use in a contact start plasma arc torch.
FIG. 15A is a cross-sectional partial perspective view
of an assembly for a contact start plasma arc torch.
FIG. 15B is an exploded perspective view of the as-
sembly of FIG. 15A.
FIG. 15C is an elevational view of a portion of the
assembly of FIG. 15A.
FIG. 16A is a perspective view of an electrode for a
contact start plasma arc torch.
FIG. 16B is an elevational view of an assembly for
use with the electrode of FIG. 16A.
FIG. 17A is a perspective view of an electrode for a
contact start plasma arc torch.
FIG. 17B is an elevational view of an assembly for
use with the electrode of FIG. 17A.
FIG. 18A is a perspective view of an electrode for a
contact start plasma arc torch.
FIG. 18B is an elevational view of an assembly for
use with the electrode of FIG. 18A.
FIG. 19 is a perspective view of an electrode for a
contact start plasma arc torch.
FIG. 20A shows an embodiment of an assembly for
a contact start plasma arc torch.
FIG. 20B shows an exploded perspective view of the
assembly of FIG. 20A.
FIG. 21A shows another embodiment of an assem-
bly for a contact start plasma arc torch.
FIG. 21B shows an exploded perspective view of the
assembly of FIG. 21A.

DETAILED DESCRIPTION

[0040] FIG. 2A is an exploded view of an electrode
body, a resilient element, and a power contact. The sys-
tem 200 includes an electrode body 202, a resilient ele-
ment 204, and a power contact 206 (also referred to as
a power connection). The power contact 206 is in elec-
trical communication with a power supply (not shown),
for example, by a power cable (e.g., the power cable 104
of FIG. 1). The power supply provides to the power con-
tact 206 the electrical current used to operate a plasma
arc torch, similar to the torch 112 of FIG. 1. The electrode
body 202 includes a reaction surface 208 that is config-
ured for electrical communication with the resilient ele-
ment 204. The reaction surface 208 is disposed in a
spaced relationship with a proximal end 210 of the elec-
trode body 202. In some embodiments, the reaction sur-
face 208 defines a flange extending radially from the lon-
gitudinal axis A. In some embodiments, the reaction sur-
face 208 is formed integrally with the electrode body 202.
For example, the reaction surface 208 can be fabricated
from the same material as the electrode body 202 or fab-

ricated from a different material but bonded or secured
to the electrode body 202.
[0041] The proximal end 210 of the electrode body 202
is disposed oppositely from the distal end 212. In the
illustrated embodiment, the diameter of the distal end
212 is greater than the diameter of the proximal end 210
to allow the resilient element 204 to surround the proximal
end 210 when installed in the torch. Stated differently,
the diameter of the proximal end 210 is less than the
inside diameter of the resilient element 204. In other em-
bodiments, the proximal end 210 has a diameter equal
to or greater than that of the distal end 212.
[0042] The power contact 206 includes a surface 214
for reacting against the resilient element 204. The resil-
ient element 204 reacts against the relatively stationary
surface 214 and against the reaction surface 208 of the
relatively moveable electrode body 202 to bias the elec-
trode body away from the power contact 206 during pilot
arc operation. The electrode body 202 defines a contact
surface 216 that is configured for physical contact and
electrical communication with a corresponding surface
218 of the power contact 206. During the latter portion
of pilot arc operation and during transferred arc mode,
the contact surface 216 is in an abutting relationship with
the corresponding surface 218. The portion 220 of the
power contact 206 adjacent the surface 218 and extend-
ing to the surface 214 defines a diameter such that the
resilient element 204 surrounds the portion 220.
[0043] In some embodiments, the power contact 206
can be fabricated as a part of the power contact 108 of
FIG. 1 (e.g., by machining the power contact 108 to in-
clude the features of the power contact 206). Such em-
bodiments allow a user to employ the concepts described
with respect to FIG. 2A in the existing torch system 112
of FIG. 1. In some embodiments, the power contact 108
can be positioned in the blown-back position of FIG. 1
by machining a groove in the power contact 108 and se-
curing the power contact 108 with respect to the torch
112 with a clip or a retaining ring (not shown). In this way,
the power contact 108 remains stationary relative to the
torch 112 during both pilot arc operation and transferred
arc operation. In general, any of the embodiments de-
scribed herein can be used with the torch system 112 of
FIG. 1 by modifying the power contact 108 in accord with
the principles described herein.
[0044] The relatively stationary power contact 108 re-
quires less flexibility from the power cable. An exemplary
current suitable for use as a pilot arc current is between
about 10 and about 31 amps. The electrical current during
transferred arc operation can be up to about 200 amps.
However, electrical currents greater than about 200
amps are also described, e.g., 400 amps. In some em-
bodiments, the power contact 108 is fabricated from tel-
lurium copper, brass, copper, or other materials suitable
for passing current both during pilot arc operation and
transferred arc operation.
[0045] In general, pilot arc operation refers to a dura-
tion of time between the provision of electric current to
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the electrode body 202 and the transfer of the plasma
arc to the workpiece. More specifically, pilot arc operation
can include initiation of the pilot arc and some duration
of time after initiation of the pilot arc but prior to the trans-
fer of the arc to the workpiece. Some torch designs in-
clude a safety mechanism to terminate pilot arc operation
after a predetermined amount of time irrespective of
whether the plasma arc has been transferred to the work-
piece. Such mechanisms are designed to prolong the
operational life of torch components and promote safety
by limiting the amount of time the torch is operated with-
out a specific application (e.g., processing a workpiece).
[0046] In some embodiments, the resilient element
204 is secured to either the electrode body 202 or the
power contact 206. In other embodiments, the resilient
element 204 is secured to both the electrode body 202
and the power contact 206. For example, the resilient
element 204 can be secured by welding, soldering, bond-
ing, or otherwise fastening to the electrode body 202 or
the power contact 206. In some embodiments, the resil-
ient element 204 is secured to the proximal end 208 of
the electrode body 202 by a diametral interference fit or
other type of friction fit. For example, an outer diameter
of the proximal end 208 of the electrode body may be
slightly larger than an inner diameter of the resilient ele-
ment 204. In some embodiments, the proximal end 208
of the electrode body 202 features an extension portion
(not shown) having an inner diameter that is smaller than
the inner diameter of the resilient element 204. The ex-
tension portion can be formed integrally with electrode
body 202 or otherwise secured to the electrode body 202.
Such a configuration permits the electrode body 124 of
FIG. 1 to be used, for example, in the torch 240 of FIG. 2B.
[0047] In some embodiments, the portion 220 of the
power contact 206 is tapered or in a frustoconical shape
along the longitudinal axis A. In some embodiments, the
electrode body 202 can include a radially extensive
shoulder (not shown) having a diameter that is greater
than the inside diameter of the resilient element 204 such
that advancing the resilient element 204 toward the distal
end 212 of the electrode body 202 past (e.g., over) the
radially extensive shoulder hinders the resilient element
204 from disengaging the electrode body 202 axially to-
wards the proximal end 210.
[0048] In some embodiments, a distal face (not shown)
of the shoulder is the reaction surface of the electrode
body 202. A similar diametral interference fit can be used
with respect to the power contact 206. For example, the
resilient element 204 can be advanced axially away from
the electrode body 202 past the surface 214 of the power
contact such that the face 222 of the surface 214 opposite
the portion 220 hinders disengagement of the resilient
element 204 from the power contact. In some embodi-
ments, the resilient element 204 is conductive and the
interface between the face 222 and the resilient element
204 establishes a current path from the power contact
206.
[0049] In some embodiments, the resilient element

204 is disposed in a spaced relationship with the distal
end 212 of the electrode body 202 instead of the proximal
end 210. The distal end 212 generally includes an emis-
sive element (not shown) such as hafnium for more effi-
cient plasma arc generation and workpiece processing.
In some embodiments, the resilient element 204 is
formed integrally with the electrode body 202 or the pow-
er contact 206. For example, the resilient element 204
can be formed from the same material as the electrode
body 202. In other embodiments, the resilient element
204 is bonded or secured to the electrode body 202 to
hinder disengagement from the electrode body 202 un-
der normal operational conditions (e.g., gas pressure
and/or the influence of gravitational or other forces).
[0050] FIG. 2B illustrates a cross section of an exem-
plary contact start plasma arc torch employing the com-
ponents and concepts of FIG. 2A. The configuration of
FIG. 2B illustrates the torch 240 prior to pilot arc opera-
tion. The torch 240 includes the electrode body 202, the
resilient element 204, and the power contact 206 of FIG.
2A, mounted within a torch body 242. A nozzle 244 and
a swirl ring 246 are also mounted to the torch body 242.
The power contact 206 is positioned relatively stationary
with respect to the moveable electrode body 202. The
power contact 206 is positioned oppositely from the distal
end 212 of the electrode body 202 (e.g., at the back end
of the torch 240). The distal end 212 of the electrode
body 202 includes an emissive element 248 substantially
aligned with an exit orifice 250 of the nozzle 244. In some
embodiments, the emissive element 248 and the exit or-
ifice 250 are substantially centered about the longitudinal
axis A. The swirl ring 246 is positioned to in part restrain
radial motion of the electrode body 202 within the torch
body 242. For example, the swirl ring 246 can be man-
ufactured to permit a relatively small gap between the
swirl ring 246 and one or more radial fins 252 of the elec-
trode body 202.
[0051] The resilient element 204 reacts against the re-
action surface 208 of the electrode body 202 and against
the surface 214 of the power contact 206 to urge the
electrode body 202 into abutting relation with the nozzle
244. Gas flows into a plasma chamber 254 formed be-
tween the electrode body 202 and the nozzle 244, and
a pilot current is passed from the power supply (not
shown) to the power contact 206.
[0052] Gas pressure builds within the plasma chamber
254 until the pressure is sufficient to overcome the force
provided by the resilient element 204. The gas pressure
moves the electrode body 202 away from the nozzle 244
and into an abutting relationship with the power contact
206. The electrode body 202 moves substantially along
the longitudinal axis A. As the electrode body 202 is
moved away from the nozzle 244 by gas pressure, an
arc is generated or initiated in the plasma chamber 254.
The arc ionizes the gas within the plasma chamber 254
to form a plasma arc or jet that exits the orifice 250 of the
nozzle 244 and is transferred to the workpiece (not
shown).
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[0053] In some embodiments, the resilient element
204 is conductive and is configured or designed to pass
substantially all of the pilot current between the power
contact 206 and the electrode body 202. The resilient
element 204 can be formed from a material that facilitates
both carrying the electrical current or load associated with
initiating a pilot arc and dissipating thermal heat associ-
ated with the current to prevent the resilient element from
melting during pilot arc operation. In some embodiments,
the material of the resilient element 204 is selected, for
example, based on the current rating of the material. In
some embodiments, the resilient element 204 is the path
of least resistance and/or highest conductance between
the power contact 206 and the electrode body 202. Ad-
ditionally, the mechanical properties of the resilient ele-
ment 206 facilitate movement of the electrode body for
contact starting the plasma arc torch. In some embodi-
ments, the resilient element aids in aligning the electrode
body relative to the torch.
[0054] The resilient element 204 can be an electrically
conductive spring capable of reliably conducting about
31 amps of electric current for up to about 5 seconds or
longer for pilot arc operation without melting or otherwise
changing the mechanical properties of the spring. In
some embodiments, the resilient element 204 is fabricat-
ed from an alloy of inconel® X-750. In some embodi-
ments, the resilient element 204 is fabricated from stain-
less steel. For example, the resilient element 204 can be
formed of 17/4 precipitation hardening stainless steel
wire (conforming to AMS 5604 specifications) or Type
302 stainless steel wire (conforming to AMS 5866 or
ASTM A 313 specifications). In some embodiments, the
resilient element 204 is formed from a wire of diameter
about 0.762 mm (about 0.03 inches) and defines an out-
side diameter of about 7.62 mm (about 0.3 inches)
300/1000 and a length along the longitudinal axis A of
about 12.7 mm (e.g., about 0.5 inches). In some embod-
iments, the resilient element 204 is coated or plated with
silver or a silver alloy to reduce electrical resistance
and/or improve or provide electrical conductance.
[0055] While depicted herein as a helical compression
spring, the resilient element 204 can include other con-
figurations, for example, a wave spring washer, a finger
spring washer, curved spring washer, flat wire compres-
sion spring of the crest-to-crest variety, or a slotted con-
ical disk. For example, these types of springs are illus-
trated in U.S. Pat. No. 5,994,663 assigned to Hyper-
therm, Inc., of Hanover, New HampshireIn some embod-
iments, the resilient element 204 is a wire disposed at
the proximal end 210 of the electrode body 202, and a
second resilient element (not shown) is disposed at the
distal end 212 of the electrode body 202. The second
resilient element biases the electrode body toward the
distal end 204 during pilot arc operation and restrains
radial motion of the electrode body 202 during torch op-
eration (e.g., during pilot arc operation and during work-
piece processing). In this way, the second resilient ele-
ment aligns the electrode body 202 during torch opera-

tion.
[0056] In some embodiments, the resilient element
204 conducts minimal or no pilot arc current between the
power contact 206 and the electrode body 202. For ex-
ample, the resilient element 204 can be manufactured
from a material with no or relatively low electrical con-
ductivity. Alternatively, the resilient element 204 can be
coated with an insulating material to prevent conduction
of electrical current. In some embodiments, one or more
conductive components are employed to conduct the pi-
lot arc current between the power contact 206 and the
electrode body 202. For example, a wire can be used for
supplying pilot arc current from the power contact 206 to
the electrode body 202.
[0057] FIG. 2C illustrates a cross section of the plasma
arc torch of FIG. 2B during transferred arc mode. The
contact surface 216 of the electrode body 202 engages
in substantially planar physical contact with the corre-
sponding surface 218 of the power contact 206 to estab-
lish electrical communication (e.g., electrical current
passes between the electrode body 202 and the power
contact 206 at the interface of the contact surface 216
and the corresponding surface 218). When the contact
surface 216 of the electrode body 202 abuts the corre-
sponding surface 218 of the power contact 206, a current
path is established such that at least a portion of a current
passes directly between the power contact 206 and the
electrode body 202. When the arc has been transferred
to the workpiece, a cutting current is supplied to the torch
240 (e.g., during transferred arc mode).
[0058] In some embodiments, the resilient element
204 is conductive. The resilient element 204 can be con-
figured to pass an electrical current between the power
contact 206 and the electrode body 202 during pilot arc
operation, but does not carry a substantial amount of
electrical current during transferred arc operation. More
particularly, the current path directly between the power
contact 206 and the electrode body 202 has lower resist-
ance and/or higher conductance than the current path
from the power contact 206 through the resilient element
204 to the electrode body 202. That is, when the electrode
body 202 is in the blown-back state (e.g., surface 216 of
the electrode body 202 is in physical contact and electri-
cal communication with surface 218 of the power contact
206), substantially all of the electrical current for sustain-
ing a plasma arc (in transferred arc mode) is passed di-
rectly between the surface 216 and the surface 218. The
design of FIGS. 2A, 2B, and 2C thus combines dual func-
tions, namely biasing the electrode body 202 toward the
nozzle 244 and providing an electrical current path be-
tween the power contact 206 and the electrode body 202,
into a single component to reduce the number of con-
sumable components and to simplify torch design.
[0059] In some embodiments, the resilient element
204 carries at least a portion of an electric current during
transferred arc mode. For example, the resilient element
204 can carry a substantial amount of a transferred arc
current such that no or relatively low current is passed
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from the power contact 206 to the electrode body 202 as
the two components come into contact during transferred
arc mode. This can be accomplished, for example, by
placing an insulating material on surface 216 of the elec-
trode body 202 and/or surface 218 of the power contact
206. In addition, the resilient element 204 can be appro-
priately sized or otherwise configured to carry the trans-
ferred arc current.
[0060] The resilient element 204 can be a conductive
wire or metal strip for passing electrical current between
the power contact 206 and the electrode body 202 during
pilot arc operation and/or transferred arc operation. In
some embodiments, the resilient element 204 is a con-
ductive sleeve in electrical communication with the power
contact 206 and the electrode body 202 for passing elec-
trical current therebetween. For example, such a sleeve
can be designed to fit closely over the proximal end 210
of the electrode body 202 and over the portion 220 of the
power contact 206. In some embodiments, a second re-
silient element (not shown), for example a spring, can be
used in conjunction with the resilient element 204 to pro-
vide the mechanical function of biasing the electrode
body 202 toward the nozzle 244.
[0061] In some embodiments, the resilient element
204 is not conductive and is mainly employed to provide
a separation force for biasing the electrode body 202
toward the nozzle 244. At least one conductive compo-
nent (e.g., a non-resilient wire) is used to supply electrical
current from the power contact 206 to the electrode body
202 for pilot arc operation and/or transferred arc opera-
tion. If the conductive component passes mainly pilot arc
current, the component can be capable of reliably con-
ducting, in one embodiment, about 31 amps of electric
current for up to about 5 seconds or longer for pilot arc
operation without melting or otherwise changing the me-
chanical properties of the component. If the conductive
component serves as the primary current path during
both the pilot arc mode and the transferred arc mode,
the component can conduct electrical current, in one em-
bodiment, of up to about 200 amps during transferred
arc operation without changing the properties of the com-
ponent.
[0062] In some embodiments, both the power contact
206 and the resilient element 204 are mounted to the
torch body 242 and are relatively secured with respect
to the moveable electrode body 202. For example, when
the nozzle 244 is removed from the torch body 242, the
resilient element 204 urges the electrode body 202 out
of the torch body 242 (e.g., the electrode body 202 is
ejected). In such an embodiment, the electrode body 202
is a consumable component of the torch 240. In other
embodiments, the combination of the electrode body 202
and the resilient element 204 is a consumable compo-
nent of the torch 240, e.g., the pieces can be sold or
purchased together as a package.
[0063] FIG. 3A is a cross section of an exemplary em-
bodiment of an electrode for use in a contact start plasma
arc torch. The electrode 300 includes an elongated elec-

trode body 302 oriented along a longitudinal axis A. The
electrode body 302 can be formed of an electrically con-
ductive material such as tellurium copper, silver, silver
copper alloys, or other alloys. The electrode body 302
includes a distal end 304 that includes a bore 306 for
housing an emissive element (not shown) and a proximal
end 308. The emissive element can be made from, for
example, hafnium and is used to increase the operational
life of a plasma arc torch (not shown) and to reduce wear
on the electrode body 302. During operation of the plas-
ma arc torch and workpiece processing, the distal end
304 of the electrode body 302 is positioned near the work-
piece (not shown), and the proximal end 308 is positioned
remotely from the workpiece. The electrode body 302 is
movable along the longitudinal axis A when the electrode
300 is mounted within the torch.
[0064] The electrode 300 includes an electrically con-
ductive resilient element 310 (also referred to herein as
the resilient conductive element 310). The resilient con-
ductive element 310 is configured to pass substantially
all of a pilot arc current between a power supply (not
shown) and the electrode body 302 during pilot arc op-
eration. The resilient conductive element 310 is depicted
as a helical spring that engages a radially extending
flange 312 (e.g., a shoulder) disposed on the proximal
end 306 of the electrode body 302. The flange 312 can
be a reaction surface for the resilient conductive element
310. The physical contact between the resilient conduc-
tive element 310 and the flange 312 of the electrode body
302 provides a current path.
[0065] In some embodiments, the resilient conductive
element 310 is secured to the flange 312 (e.g., by sol-
dering or welding) such that the resilient conductive ele-
ment 310 is retained by the electrode body 302. The re-
silient conductive element 310 can be retained by a di-
ametral interference fit or other type of friction fit. In some
embodiments, the resilient conductive element 310 is
formed integrally with the electrode body 302 (e.g., the
electrode body 302 and the resilient conducting element
310 are fabricated from the same piece of material). The
resilient conductive element 310 can be secured with re-
spect to the electrode body 302 to hinder disengagement
of the resilient conductive element 310 from the electrode
body 302 during processing or maintenance operations.
[0066] As illustrated, the electrode body 302 includes
a series of fins 314 that are formed integrally with the
electrode body 302. The fins 314 increase the surface
area of the electrode body 302 and function as heat trans-
fer surfaces to cool the electrode body 302 during torch
operation. The fins 314 also form a type of seal that allows
a plasma gas introduced in the plasma chamber (e.g.,
the plasma chamber 254 of FIG. 2B) to build sufficient
gas pressure to move the electrode body 302 longitudi-
nally along axis A toward the proximal end 308. As dis-
cussed above, movement of the electrode body 302 to-
ward the proximal end 308 initiates the pilot arc when a
pilot arc current is passed between the resilient conduc-
tive element 310 and the electrode body 302.
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[0067] The placement of the fins 314 provides a spiral
groove axially along the electrode body 302. Exemplary
fins 314 are illustrated in U.S. Pat. 4,902,871 assigned
to Hypertherm, Inc. of Hanover, New Hampshire. The
fins 314 are depicted as radially extending from the lon-
gitudinal axis A. Other configurations of fins 314 are pos-
sible, for example, extending longitudinally along the axis
A, such as illustrated in U.S. Pat. 6,403,915 also assigned
to Hypertherm, Inc. of Hanover New Hampshire. Some
embodiments of the electrode 300 do not include the fins
314, and the gas pressure exerts a force against a dif-
ferent surface of the electrode body 302 to move the elec-
trode body during initiation of a pilot arc.
[0068] The electrode 300 includes a contact element
316 that includes a first surface 318 and a second surface
320. The first surface 318 is configured for electrical com-
munication with a power supply (not shown). For exam-
ple, the first surface 318 can abut a corresponding sur-
face of a power contact (e.g., the power contact 206 of
FIG. 2A, not shown in FIG. 3A). The power supply can
provide electrical current to the contact element 316
through the power contact. The second surface 320 is
configured for electrical communication with a corre-
sponding contact surface 322 of the electrode body 302
after initiation of the pilot arc and during transferred arc
mode. In some embodiments, the first surface 318 of the
contact element 316 is substantially stationary when the
electrode 300 is mounted within the torch (e.g., the first
surface 318 maintains physical engagement or contact
with the power contact). The contact element 316 can be
made from a relatively hard and electrically conductive
material, for example, stainless steel, chromium copper,
nickel, or beryllium copper. In some embodiments, the
contact element 316 is made from a material harder than
the material that forms the electrode body 302. In some
embodiments, the contact element 316 is coated with a
relatively hard and electrically conductive material.
[0069] As depicted, the resilient conductive element
310 circumscribes the proximal end 308 of the electrode
body 302 and engages the second surface 320 of the
contact element 316. Other configurations for providing
a current path from the contact element 316 through the
resilient conductive element 310 to the electrode body
302 are described. In some embodiments, a second con-
ductive element (not shown) provides a current path be-
tween the contact element 316 and the electrode body
302 having lower resistance and/or higher conductivity
than the resilient conductive element 310. In such em-
bodiments, the resilient conductive element 310 biases
the electrode body away from the contact element 316
(e.g., performs a mechanical function) but does not carry
a substantial amount of pilot current. In some embodi-
ments, the resilient conductive element 310 is secured
to the contact element 316 (e.g., by soldering or welding)
or formed integrally with the contact element 316. In some
embodiments, the resilient conductive element 310 can
be disposed between the second surface 320 of the con-
tact element 316 and the corresponding contact surface

322 of the electrode body. In some embodiments, the
first surface 318 of the contact element 316 engages the
resilient conductive element 310.
[0070] The illustrated electrode body 302 includes a
receptacle 324 disposed at the proximal end 308 of the
electrode body 302 and separated from the bore 306 at
the distal end 304 by the electrode body 302 (e.g., neither
the bore 306 nor the receptacle 324 is a through-hole).
In some embodiments, the receptacle 324 is substantially
aligned with the axis A and defines an inner surface 326.
The contact element 316 includes a connective member
328 that extends from the second surface 320. In some
embodiments, the connective member 328 slideably en-
gages the electrode body 302. For example, the connec-
tive member 328 includes an aligning portion 330 that is
substantially coaxial with the longitudinal axis A. The
aligning portion 330 can slideably engage the inner sur-
face 326 of the receptacle 324. In some embodiments,
the engagement between the aligning portion 330 and
the inner surface 326 restrains radial motion of the elec-
trode body 302 or the contact element 316 within the
torch.
[0071] The receptacle 324 can be configured to hinder
disengagement of the contact element 316 from the elec-
trode body 302. The electrode body 302 includes a re-
straint surface 332 disposed at the proximal end of the
receptacle 324 for reacting against a portion of the con-
tact element 316 to hinder disengagement. In some em-
bodiments, the restraint surface 332 reacts against the
connective member 328 or the aligning portion 330 of
the contact element 316 (e.g., by a diametral interference
fit). In some embodiments, the restraint surface 332 in-
cludes an annular or ring-like configuration. The restraint
surface 332 can be disposed within the receptacle 324
such that the restraint surface does not interfere with or
prevent the second surface 320 of the contact element
316 from physically contacting the contact surface 322
of the electrode body 302 in a substantially planar man-
ner.
[0072] In some embodiments, the first surface 318, the
second surface 320, or both can be coated with silver or
a silver alloy to improve the electrical current flow be-
tween the power supply and the electrode body 302 (e.g.,
by reducing the electrical resistance at the surfaces 318
and 320 of the contact element 316. In some embodi-
ments, the slideable engagement between the contact
element 316 and the electrode body 302 provides a cur-
rent path of lower resistance and/or higher conductivity
than the resilient conductive element 310. In such em-
bodiments, the resilient conductive element 310 biases
the electrode body away from the contact element 316
(e.g., performs a mechanical function) but does not carry
a substantial amount of pilot current. More specifically,
the connective member 328 or the aligning portion 330
can be fabricated to relatively tight tolerances sufficient
to form a low-resistance path for electrical current to pass
to the electrode body 302, for example, via the receptacle
324. Relatively tight tolerances are required to prevent
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ionization or formation of an arc in the space between
the connective member 328 or aligning portion 330 and
the receptacle 324.
[0073] FIG. 3B is a more detailed illustration of the com-
ponents of the electrode of FIG. 3A prior to assembly.
FIG. 3B illustrates a close-up view of the proximal end
308 of the electrode body 302. In the illustrated embod-
iment, the electrode body 302, resilient conductive ele-
ment 310, and the contact element 316 do not form an
integral assembly. More particularly, the contact element
316 (e.g., the connective member 128 and aligning por-
tion 130) can be freely disengaged from the resilient con-
ductive element 310 and the electrode body 302 (e.g.,
the receptacle 324). In some embodiments, the length
of the connective member 328 and the aligning portion
330 does not exceed the depth of the receptacle 324
such that the contact element does not "bottom out"
against the bottom surface 334 of the receptacle 324.
[0074] The proximal end 308 of the electrode body 302
can define a lip 336 adjacent the receptacle 324 that ex-
tends axially along the longitudinal axis A. The lip 336
can be formed from the same piece of material as the
electrode body 302. In some embodiments, the contact
element 316 may be retained with respect to the elec-
trode body 302 (e.g., a portion of the electrode body 302
hinders disengagement of the contact element 316 from
the electrode body 302). For example, the connective
member 328 and the aligning portion 330 can be posi-
tioned within the receptacle 324. The contact element
316 is pressed against the electrode body 302 such that
the second surface 320 of the contact element 316 en-
gages the lip 336 as the second surface 320 advances
into physical contact with the contact surface 322 of the
electrode body 302.
[0075] The engagement between the second surface
320 and the lip 336 deforms the lip 336 into the adjacent
receptacle 324 to enable facing physical contact between
the second surface 320 of the contact element 318 and
the contact surface 322 of the electrode body 302. The
deformed lip 336 can form the restraint surface 332 of
FIG. 3A. In some embodiments, the contact element 316
is pressed against the electrode body 302 at the same
time the emissive element is disposed within the bore
306. For example, during a process known as swaging,
a force along the longitudinal axis A (e.g., toward the
proximal end 308 of the electrode body 302) is applied
with respect to the emissive element to secure the emis-
sive element within the bore 306. During swaging, an
oppositely-oriented force (e.g., toward the distal end 304
of the electrode body 302) is applied to press the contact
element 316 against the proximal end 308 of the elec-
trode body 302 to deform the lip 336. In some embodi-
ments, the applied force is about 4,450 N of force (e.g.,
approximately 1000 lbs. of force). In some embodiments,
after swaging, the restraint surface 332 can withstand
about 356 N of force (e.g., about 80 lbs. of force) before
failing (e.g., permitting the contact element 316 to be dis-
engaged from the electrode body 302).

[0076] In some embodiments, the resilient conductive
element 310 is disposed between the electrode body 302
(e.g., in physical contact with the flange 312) and the
contact element 316 (e.g., in physical contact with the
second surface 320) prior to deforming the lip 336. The
resilient conductive element 310 can be "captured" be-
tween the contact element 316 and the electrode body
302. The restraint surface 332 can hinder disengagement
of the slideably mounted contact element 316 from the
electrode body 302. In some embodiments, the electrode
300 is assembled prior to use within a plasma arc torch
and can be packaged as an integral assembly.
[0077] In some embodiments, the restraint surface 332
has an annular configuration (e.g., when the lip 336 ax-
ially extends along the longitudinal axis A about the cir-
cumference of the receptacle 324). In other embodi-
ments, the restraint surface 332 is formed along a portion
of the circumference of the receptacle 324 less than the
entire circumference. The connective member 328 or the
aligning portion 330 can be freely inserted into the recep-
tacle 324 without interference with the restraint surface
336, but, e.g., rotating the contact element 316 about the
longitudinal axis A hinders disengagement of the contact
element 316 by establishing interference between the
restraint surface 332 and the connective member or the
aligning portion 330.
[0078] FIG. 4A depicts a cross section of an exemplary
contact start plasma arc torch. The configuration of FIG.
4A can be referred to as the "forward" configuration or
the "start" configuration. The torch 400 includes a torch
body 402 that defines a gas inlet 404. The torch 400
includes a power contact 406 in electrical communication
with a power supply (not shown) that provides an elec-
trical current to the power contact 406. The torch 400
includes the electrode 300 of FIG. 3A. The first surface
318 of the contact element 316 is configured for physical
contact and electrical communication with the power con-
tact 406. The resilient conductive element 310 urges the
electrode body 302 away from the power contact 406
and into physical contact and electrical communication
with a nozzle 408. The electrode body 302 (e.g., the distal
end 304 of the electrode body 302) cooperates with the
nozzle 408 to form a portion of a plasma chamber 410.
The nozzle 408 includes an exit orifice 412 that permits
the plasma arc or jet (not shown) to exit the plasma cham-
ber 410 for transferring to a workpiece (not shown). A
shield 414 is mounted to a retaining cap 416 that is mount-
ed on a portion 418 of the torch body 402. The shield 414
includes an exit port 420 that is adjacent the exit orifice
412 of the nozzle 408. The exit port 420 permits the plas-
ma jet to be transferred from the torch 400 to the work-
piece. The shield 414 prevents material that is spattered
during workpiece processing from accumulating on the
nozzle 408 and reducing the useful life of the nozzle 408
or the electrode 300. The torch 400 also includes a swirl
ring 422 that defines one or more ports 424 that permit
a gas (not shown) to flow into and out of the plasma cham-
ber 410.
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[0079] Pilot arc operation begins with initiation of a pilot
arc. A pilot current is passed between the power supply
and the power contact 406. The power contact 406 pass-
es the pilot current to the contact element 316 across the
interface between the power contact 406 and the first
surface 318 of the contact element 316. The pilot current
passes between the contact element 316 (e.g., the sec-
ond surface 320) and the resilient conductive element
310. The current then passes between the resilient con-
ductive element 310 and the electrode body 302 and the
nozzle 408. An exemplary current suitable for use as a
pilot arc current is between about 22 and 31 amps. In
some embodiments, the power contact 406 is fabricated
from tellurium copper, brass, copper, or other materials
suitable for passing current both during pilot arc operation
and transferred arc operation.
[0080] During pilot arc operation, gas enters the torch
400 through the inlet 404 defined by the torch body 402.
The gas is directed along a passageway 426 defined by
the torch body 402. The swirl ring 422 defines one or
more channels 428 that allow the gas to pass from the
passageway 426 to a space 430 defined by the exterior
of the swirl ring 422 and the portion 418. The gas flows
through the ports 424 into the plasma chamber 410. Gas
pressure in the plasma chamber 410 builds until the pres-
sure is sufficient to overcome the force provided by the
resilient conductive element 310 and move the electrode
body 302 away from the nozzle 408 thereby creating a
space or gap between the electrode body 302 and the
nozzle 408. In some embodiments, gas in the plasma
chamber 410 acts on the fins 314 of the electrode body
302, exerting a pressure along the longitudinal axis A
toward the proximal end 310 of the electrode body 302.
The electrode body 302 moves with respect to the torch
400 substantially along the longitudinal axis A. In some
embodiments, the contact element 316 aligns the elec-
trode body 302 by restraining radial motion of the elec-
trode body 302 both during pilot arc operation and during
transferred arc mode. As the electrode body 302 is
moved away from the nozzle 408, a relative electric po-
tential develops between the electrode body 302 and the
nozzle 408. The potential difference causes an arc (not
shown) to be generated in the now-present gap between
the electrode body 302 and the nozzle 408 (e.g., by ion-
izing a path of least resistance between the electrode
body 302 and the nozzle 408). The arc ionizes the gas
in the plasma chamber 310 to form the plasma jet used
in workpiece processing.
[0081] FIG. 4B illustrates a cross section the plasma
arc torch of FIG. 4A including illustrative components af-
ter pilot arc initiation. The configuration of FIG. 4B can
be referred to as the "blown-back" configuration because
the electrode body 302 has been separated from the noz-
zle 408. The electrode body 302 is moved along the axis
A until the contact surface 322 of the electrode body 302
contacts the second surface 320 of the contact element
316. The first surface 318 of the contact element 316
maintains physical contact and electrical communication

with the power contact 406 that is relatively stationary
with respect to the electrode body 302. In some embod-
iments, the duration of time during which the electrode
body 302 moves along the axis A is less than or equal
to about 0.3 seconds. In some embodiments, the resilient
conductive element 310 carries electrical current in the
blown-back configuration (e.g., during pilot arc operation
after pilot arc initiation). In some embodiments, the resil-
ient conductive element 310 carries electrical current on-
ly during pilot arc initiation.
[0082] In general, the arc is transferred from the nozzle
408 to the workpiece (not shown) for workpiece process-
ing by positioning the torch 400 near the workpiece. The
workpiece is maintained at a relatively lower electric po-
tential than the nozzle 408. In some embodiments, the
arc is transferred during pilot arc initiation (e.g., before
the blown-back configuration of FIG. 4B). An electrical
lead (not shown) in communication with the workpiece
can provide a signal to the power supply (not shown)
based on the transfer of the arc to the workpiece. When
the electrode body 302 is in the blown-back configuration,
the power supply provides an increased electrical current
(e.g., a cutting current) to the torch 400. One example of
a method for increasing the electrical current to the torch
is known as "dual-threshold" and is described in U.S.
Patent No. 6,133,543 and assigned to Hypertherm, Inc.
of Hanover, New Hampshire.
[0083] The cutting current can be, for example, approx-
imately 100 to approximately 150 amps. The cutting cur-
rent is associated with operation of the torch 400 in trans-
ferred arc mode. In some embodiments, the amount of
cutting current that is provided is dependent on the com-
position of the workpiece or on physical properties of the
workpiece (e.g., thickness of the workpiece or the depth
of a cut). In some embodiments, transferred arc mode
refers to both the arc being transferred to the workpiece
and the power supply providing the cutting current. In
other embodiments, transferred arc mode refers to the
arc being transferred to the workpiece.
[0084] When the electrode body 302 is in the blown-
back configuration, the power supply provides electrical
current to the power contact 406, to the contact element
316, and to the electrode body 302. The contact element
316 remains relatively stationary with respect to the elec-
trode body 302 and power contact 406. More particularly,
the first surface 318 of the contact element 316 can be
designed to remain in physical contact and electrical
communication with the power contact 406 after the elec-
trode 300 is installed in the torch 400. In some embodi-
ments, the contact element 316 is secured relative to the
power contact 406, for example by a friction fit, e.g., such
that the earth’s gravitational force acting on the electrode
body 302 is insufficient to remove the electrode 300 from
the torch 400. Most of the wear on the electrode 300
occurs at the interface between the second surface 320
of the contact element 316 and the contact surface 322
of the electrode body 302 due to the repeated contact
and separation of the electrode body 302 and the contact
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element 316 during operation (e.g., starting and stop-
ping) of the torch 400. The design of the electrode 300
reduces the amount of wear on the power contact 406
because the first surface 318 of the contact element 316
remains in contact with the power contact 406 to reduce
the formation of an arc between the power contact 406
and the first surface 318. Formation of an arc between
the power contact 406 and the first surface 318 can create
surface imperfections that reduce the operational life of
the power contact 406 and the electrode 300.
[0085] In some embodiments, the resilient conductive
element 310 is configured to pass substantially all of an
electrical current during both pilot arc operation and
transferred arc operation. In a transferred arc operation,
the power supply passes an electrical current to the pow-
er contact 406. The power contact 406 then passes the
electrical current to the contact element 316, which pass-
es the electrical current to the resilient conductive ele-
ment 310, from which the current is passed to the elec-
trode body 302 and the nozzle 408. Suitable mechanisms
can be employed to prevent electrical current from pass-
ing directly between the electrode body 302 and the con-
tact element 316 in the "blown-back" configuration. In
some embodiments, the contact surface 322 of the elec-
trode body 302 and/or the second surface 320 of the
contact element 316 is coated with an insulating material
to prevent the current from passing between the elec-
trode body 302 and the contact element 316 as they make
contact during the transferred arc mode. In some em-
bodiments, a physical gap is maintained between the
contact surface 322 of the electrode body 302 and the
second surface 320 of the contact element 316 during
the transferred arc mode to prevent current transfer. This
can be accomplished, for example, by ensuring that the
resilient conductive element 310 is sufficiently long along
the longitudinal axis and/or the electrode body 302 is
sufficiently short along the longitudinal axis such that the
contact surface 322 of the electrode body 302 and the
second surface 320 of the contact element 316 do not
make physically contact in the "blown-back" configura-
tion. In general, the resilient conductive element 310 can
provide a current path of least resistance between the
contact element 316 and the electrode body 302 during
both the pilot arc operation and transferred arc operation.
In some exemplary embodiments, the resilient conduc-
tive element 310 is capable of conducting electrical cur-
rent for up to about 200 amps.
[0086] FIG. 5A depicts a cross section of an exemplary
electrode including a contact element and a resilient con-
ducting element disposed within a receptacle of the elec-
trode body. The electrode 500 includes an electrode body
502 defining a distal end 504 and a proximal end 506
oppositely disposed along the longitudinal axis A. The
distal end 504 defines a bore 508 for receiving an emis-
sive element 510. The proximal end 506 of the electrode
body 502 defines a receptacle 512 in a cylindrical con-
figuration centered about the longitudinal axis A. In some
embodiments, a non-cylindrical configuration for the re-

ceptacle 512 can be used. The receptacle 512 is sepa-
rated from the bore 508 by the electrode body 502 (e.g.,
the electrode body 502 does not have a through-hole).
The receptacle 512 defines a first contact surface 514
disposed at the bottom of the receptacle 512. The contact
surface 514 is configured for electrical communication
and/or physical contact with a power contact (depicted
in FIG. 5B). The receptacle 512 also defines a second
contact surface 516.
[0087] The electrode 500 includes a contact element
518 and a resilient conductive element 520 that are dis-
posed within the receptacle 512. The contact element
518 defines a first surface 522 and a second surface 524.
The second surface 524 is configured to react against
the resilient conductive element 520 and against the sec-
ond contact surface 516 of the receptacle 512. The re-
silient conductive element 520 reacts against the first
contact surface 514 to urge the electrode body 502 into
abutting relation with a nozzle (not shown) when installed
within a plasma torch. In some embodiments, the resilient
conductive element 520 can react against a third surface
(not shown) within the receptacle 512.
[0088] The contact element 518 defines an annular
configuration designed to surround a power contact. The
annular configuration provides an aligning portion 526 to
restrain radial motion of the electrode body 502 by react-
ing against the power contact. The contact element 518
and resilient conductive element 520 are retained with
respect to the receptacle 512 by a tapered portion 528
of smaller diameter than the diameter of the contact el-
ement 518. In some embodiments, the tapered portion
528 is a restraint surface that hinders disengagement of
the contact element 518 and the resilient conductive el-
ement 520 from disengaging the electrode body 502
(e.g., the receptacle 512). For example, the combination
of the tapered portion 528 and the contact element 518
hinder the resilient conductive element 520 from disen-
gaging the electrode body 502 by a diametral interfer-
ence fit. In some embodiments, the tapered portion 528
defines an annular configuration. In some embodiments,
the receptacle 512 does not include a tapered portion
528, and the contact element 518 and the resilient con-
ductive element 520 are not retained with respect to the
receptacle 512.
[0089] FIG. 5B depicts the electrode of FIG. 5A dis-
posed in a transferred arc mode. FIG. 5B illustrates a
close-up of a cross-section of the proximal end 506 of
the electrode body 502 and a power contact 540. The
power contact 540 defines an axially extending portion
542 configured to interact with the receptacle 512 and
the contact element of the electrode 500. The axially ex-
tending portion 542 defines a first corresponding surface
544 and a second corresponding surface 546 for electri-
cal communication and/or physical contact with the first
contact surface 514 of the electrode body 502 (e.g., as
defined by the receptacle 512) and the first surface 522
of the contact element 518, respectively. The power con-
tact 540 also defines a seat portion 548 configured to
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correspond to the tapered portion 528 of the electrode
body 502 to restrain radial motion of the electrode body
502.
[0090] In some embodiments, the electrode 500 is po-
sitioned within a torch such that the first surface 522 of
the contact element 518 is in electrical communication
and/or physical contact with the second corresponding
surface 546 of the power contact 540 to form an interface
that remains relatively stationary with respect to the elec-
trode body 502 during torch operation. The second sur-
face 524 of the contact element 518 is initially remote
from the second contact surface 516 of the receptacle
512, and the first corresponding surface 544 of the power
contact is remote from the contact surface 514 of the
electrode body 502.
[0091] During pilot arc operation, a pilot current passes
between the power supply (not shown) and the power
contact 540. The pilot current passes from the power
contact 540 to the contact element 518 and from the con-
tact element 518 through the resilient conductive element
520 to the electrode body 502, such that the resilient
conductive element 518 carries substantially the entire
pilot arc current. As the electrode body 502 is moved
away from the nozzle (not shown) to generate an arc,
the second contact surface 516 moves into contact with
the second surface 524 of the contact element 516, and
the first contact surface 514 moves into contact with the
first corresponding surface 544 of the power contact 540.
Substantially all of the cutting current is passed from the
power contact 540 through the contact element 516 to
the electrode body 502 and directly to the electrode body.
During transferred arc operation, the resilient conductive
element 520 does not carry a substantial amount of cur-
rent.
[0092] In some embodiments, the first corresponding
surface 544 or the second corresponding surface 546
pass substantially all of the electrical current during trans-
ferred arc operation to the electrode body 502. Multiple
corresponding surfaces 544, 546 can reduce physical
wear on the first contact surface 514 of the electrode
body 502 or the first surface 522 of the contact element
518. Such a configuration results in reduced wear by re-
ducing the mechanical load associated with physical con-
tact between the power contact 540 and each of the con-
tact element 518 and the electrode body 502. Reduced
wear can prolong the life of the electrode 500.
[0093] FIG. 6A depicts a cross section of an exemplary
electrode including a contact element and resilient con-
ducting element disposed at a proximal end of the elec-
trode body. The electrode 600 includes an electrode body
602 defining a distal end 604 and a proximal end 606
oppositely disposed along the longitudinal axis A. The
distal end 604 defines a bore 608 for receiving an emis-
sive element 610. The electrode 600 includes a contact
element 612 and a resilient conductive element 614. The
contact element 612 defines a first contact surface 616
configured for electrical communication and/or physical
contact with a power contact (see FIG. 6B) and a second

contact surface 618 for electrical communication and/or
physical contact with a corresponding surface 620 of the
electrode body 602. The proximal end 606 of the elec-
trode body 602 defines a contact surface 622 for electrical
communication and/or physical contact with the power
contact. The electrode body 602 defines a reaction sur-
face 624 for reacting against the resilient conductive el-
ement 614 to provide a biasing force against the reaction
surface 624 and the electrode body 602. The proximal
end 606 of the electrode body 602 defines a first restraint
surface 626 for hindering disengagement of the contact
element 612 and the resilient conductive element 614
(e.g., by a diametral interference fit). In some embodi-
ments, the electrode body 602 does not include the re-
straint surface 624, and the contact element 612 and/or
the resilient conductive element 614 are disengageable
with respect to the electrode body 602. In some embod-
iments, the resilient conductive element 614 is secured
to one of the electrode body 602 or the contact element
612 or both.
[0094] The contact element 614 defines an annular
configuration and includes an aligning portion 628 that
restrains radial motion of the electrode body 602. For
example, the aligning portion 628 can interact with an
axially extensible portion 630 of the proximal end 606 of
the electrode body 602. The portion 630 defines a diam-
eter slightly less than the diameter of the aligning portion
628 such that the portion 630 can slidingly engage the
aligning portion 628 along the longitudinal axis A without
a significant radial perturbation.
[0095] FIG. 6B depicts the electrode of FIG. 6A dis-
posed in a transferred arc mode. The configuration of
FIG. 6B includes a power contact 640 positioned relative
to the proximal end 606 of the electrode body 602. The
power contact 640 defines an opening 642 into which the
proximal end 606 of the electrode body 602 advances
as the electrode body 602 moves away from the nozzle
(not shown) under gas pressure. The opening 642 is ad-
jacent a receptacle portion 644 that is substantially cen-
tered about the longitudinal axis A. The receptacle por-
tion 644 defines a first contact surface 646 for electrical
communication and/or physical contact with the contact
element 612 and a second contact surface 648 for elec-
trical communication and/or physical contact with the
contact surface 622 of the electrode body 602. The re-
ceptacle portion 644 is dimensioned to receive the con-
tact element 612 and the resilient conductive element
614 in addition to a portion of the proximal end 606 of
the electrode body 602. In some embodiments, the re-
ceptacle portion 644 is dimensioned to only receive the
proximal end 606 of the electrode body 602.
[0096] During installation, the electrode 600 is posi-
tioned such that the first surface 616 is in electrical com-
munication and/or physical contact with the first contact
surface 646 of the power contact 640 to form an interface
that is relatively stationary with respect to the electrode
body 602 during torch operation. The second surface 618
of the contact element 612 is initially physically remote
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from the corresponding surface 620 of the electrode
body, and the contact surface 622 of the electrode body
602 is initially physically remote from the second contact
surface 648 of the power contact 640.
[0097] During pilot arc operation, a pilot current passes
between the power supply (not shown) and the power
contact 640. The pilot current passes from the power
contact 640 to the contact element 612 and from the con-
tact element 612 through the resilient conductive element
614 to the electrode body 602, such that the resilient
conductive element 614 carries substantially the entire
pilot arc current. As the electrode body 602 is moved
away from the nozzle (not shown) to generate an arc,
the corresponding surface 620 moves into electrical com-
munication and/or physical contact with the second sur-
face 618 of the contact element 612, and the contact
surface 622 moves into electrical communication and/or
physical contact with the second contact surface 648 of
the power contact. Substantially all of the cutting current
is passed from the power contact 640 through the contact
element 612 to the electrode body 602 and directly to the
electrode body 602. During transferred arc operation, the
resilient conductive element 614 does not carry a sub-
stantial amount of the current.
[0098] In some embodiments, the first corresponding
surface 646 or the second corresponding surface 648
pass substantially all of the electrical current during trans-
ferred arc operation to the electrode body 602. Multiple
corresponding surfaces 646, 648 can reduce physical
wear on the first contact surface 622 of the electrode
body 602 or the first contact surface 616 of the contact
element 612. Such a configuration results in reduced
wear by reducing the mechanical load associated with
physical contact between the power contact 640 and
each of the contact element 612 and the electrode body
602. Reduced wear can prolong the life of the electrode
600.
[0099] FIG. 7A depicts a partially exploded view of an
exemplary contact element, resilient element, and power
contact. The two-piece power connection 700 includes
a power contact 702, a contact element 704, and a resil-
ient element 706, substantially aligned along the longi-
tudinal axis A. The power contact 702 defines an aperture
708 adjacent a cavity 710 for receiving an axially exten-
sive portion 712 of the contact element 704. The diameter
of the portion 712 is slightly smaller than the diameter of
the cavity 710. A second resilient element 714 is radially
dimensioned along an axial extent of the portion 712 to
provide sufficient friction with respect to the cavity 710
to hinder the portion 712 and the contact element 704
from disengaging the power contact 702 (e.g., a friction
fit) and to restrain radial motion of the contact element
704. In some embodiments, the second resilient element
714 is a Louvertac™ spring, for example, fabricated with
beryllium copper and sold by Tyco Electronics Corp., of
Harrisburg, Pennsylvania. In some embodiments, the
second resilient element 714 is plated with a conductive
metal, for example, gold, silver, nickel or tin. In some

embodiments, the second resilient element 714 is elec-
trically conductive and passes a portion of the electrical
current supplied by a power supply (not shown) between
the power contact 702 and the contact element 704. The
resilient element 706 can pass a pilot arc current between
the power supply and the electrode body during initiation
of a pilot arc.
[0100] The power contact 702 defines a surface 716
adjacent the aperture 708 for passing electrical current
to a first corresponding surface 718 of the contact ele-
ment 704 where the first surface 718 is adjacent the ex-
tensive portion 712. The contact element 704 also in-
cludes a second surface 720 opposite the first surface
718 for reacting against the first resilient element 706.
The contact element 704 includes a portion 722 axially
protruding from the second surface 720 and defines a
smaller diameter than an inside diameter of the resilient
element 706 such that the resilient element 706 sur-
rounds the portion 722. The portion 722 is configured for
electrical communication with a proximal end of a torch
electrode body (not shown). The portion 722 defines a
perimeter surface 724 and an end surface 726. In some
embodiments, the perimeter surface 724, the end surface
726, or both engage corresponding surfaces of the elec-
trode body. The resilient element 706 is coupled to a
component 728. The component 728 is designed for re-
acting against a corresponding surface (not shown) of
the electrode body to provide an axial force directed to-
ward the distal end (not shown) of the electrode body
(e.g., away from the power contact 700). Gas pressure
reacts against a gas reaction surface of the electrode
body and overcomes the axial force to move the electrode
body axially toward the proximal end until the perimeter
surface 724, the end surface 726 or both react against
corresponding portions of the electrode body during
transferred arc operation.
[0101] In some embodiments, the component 728 is
formed integrally and of the same material as the resilient
element 706. In some embodiments, the component 728
is a separate component and/or formed from a different
material that is secured to the resilient element 706. The
component 728 is depicted as an annular washer cou-
pled to the resilient element 706. Other configurations of
the component 728 can be used, for example, a circular
plate or a thimble design that circumscribes an adjacent
axial outer portion of the resilient element 706 (e.g., a
design similar to the contact element 904 discussed be-
low with respect to FIG. 9). Such configurations permit
the resilient element 706 to be hidden from the perspec-
tive of the electrode body, such that the electrode body
and the component 728 move substantially together rel-
ative to the power contact 702. More specifically, the
component 728 is stationary relative to the electrode
body and movable relative to the contact element 704
and the power contact 702.
[0102] In some embodiments, a first surface (not
shown) of the component 728 faces a corresponding sur-
face of the electrode body and a second surface (not
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shown) of the component 728 faces the end surface 726
of the contact element 704. During transferred arc oper-
ation, the second surface of the component 728 is in
physical contact with the end surface 726 of the contact
element 704, and the first surface of the component 728
is in physical contact with the electrode body to provide
an electrical current path from the power supply to the
electrode body through the power contact 702 and the
contact element 704.
[0103] In some embodiments, the resilient element
706 is not electrically conductive, and a conductive ele-
ment (not shown) provides an electrical current path to
the component 728 during pilot arc operation. The con-
ductive element can be a wire or a conductive strip po-
sitioned to electrically connect the component to the con-
tact element 704 or the power contact 702, for example,
by soldering, welding or otherwise establishing electrical
contact between the contact element 704 or the power
contact 702 and the conductive element.
[0104] During transferred arc operation, a transferred
arc current can be passed via physical contact between
the contact element 704 (e.g., via the perimeter surface
724, the end surface 726, or both) and the electrode body.
Such a configuration allows a conductive element with a
relatively low current rating to be used to pass the pilot
current to the electrode body, which allows a relatively
small conductive element to be used. A small conductive
element is beneficial to reduce physical interference be-
tween the conductive element and the moving parts of
the torch system (e.g., the resilient element 706 and the
electrode body). Substantially all of the operating current
(e.g., pilot current and transferred arc current) is passed
to the electrode body via the component 728.
[0105] FIG. 7B depicts the components of FIG. 7A dis-
posed in a plasma arc torch operation. The portion 712
of the contact element 704 is advanced into the cavity
710, and the second resilient element 714 reacts against
an inside surface (not shown) of the cavity 710 to hinder
disengagement of the contact element 704 using friction.
The first corresponding surface 718 of the contact ele-
ment 704 seats against or is in physical contact with the
surface 716 adjacent the cavity 710 to provide a current
path from the power contact 702 to the contact element
704. In some embodiments, the contact element 704 or
the resilient element 706 can be replaced without replac-
ing the power contact 702. Because the interface be-
tween the power contact 702 and the contact element
704 (e.g., the interface between the surface 716 and the
corresponding surface 718) is stationary relative to the
power contact 702, the power contact 702 does not wear
as quickly as in configurations in which the current path
and the physical interface coincide. In some embodi-
ments, the contact element 704, and the power contact
702 can form a unitary body (e.g,. fabricated from the
same piece of material) rather than as two separate piec-
es. The configuration of FIGS. 7A and 7B can be em-
ployed in existing contact start plasma arc torches, for
example, as shown in FIG. 1, by replacing the unitary

power contact 108 with the two-piece power connection
700 and by replacing the cathode block 116 to facilitate
the power connection 700. The power connection 700
can be fastened relatively stationary with respect to the
electrode body, for example, by a clip or a pin as dis-
cussed above.
[0106] FIG. 8A depicts a cross section of another em-
bodiment of an electrode body, resilient conductive ele-
ment, and contact element prior to installation within a
plasma arc torch. The electrode 800 includes an elec-
trode body 802, a contact element 804 and a resilient
conductive element 806 substantially aligned with re-
spect to the longitudinal axis A. FIG. 8A illustrates a prox-
imal end 808 of the electrode 800 that can be disposed
within a plasma arc torch body (not shown). The electrode
body 802 features a shoulder 810 that extends radially
from the electrode body 802. The shoulder 810 defines
a first surface 812 and a second surface 814. In some
embodiments, the first surface 812 acts as a restraint
surface configured to contact a corresponding surface
816 of the contact element 804 and prevent disengage-
ment of the contact element 804 from the electrode body
802 in the presence of an axially directed force (e.g.,
provided by the resilient conductive element 806, gas
pressure, or in some cases gravity). The second surface
814 of the shoulder 810 is configured to engage a surface
818 of the resilient conductive element 806 to form a
reaction interface.
[0107] The contact element 804 defines a first surface
820 and a second surface 822. The first surface 820 is
designed or configured to seat against or mate with a
corresponding surface (not shown) of a power contact
(not shown) to establish physical contact and electrical
communication. The second surface 822 of the contact
element 804 is designed or configured to correspond a
surface 826 defined by the electrode body 802. In some
embodiments, the resilient conductive element 806 en-
gages the second surface 822 of the contact element
804 to provide axially directed forces. The contact ele-
ment 804 defines a receptacle 828. The receptacle 828
is sized to allow the resilient conductive element 806 to
be disposed about a portion 830 of the electrode body
802 and disposed within the receptacle 828 of the contact
element.
[0108] In some embodiments, during pilot arc opera-
tion, the first surface 820 of the contact element 804 is
in electrical communication (and/or physical contact) with
the power contact. The power contact provides an elec-
trical current to the first surface 820 that is transferred
across the contact element 804 to the second surface
822. Current can pass between the contact element 804
and the resilient conductive element 806 via the interface
between the resilient conductive element 806 and the
second surface 822. The resilient conductive element
806 provides a current path for passing current between
the power contact and the electrode body 802. For ex-
ample, current passes between the electrode body 802
and the resilient conductive element 806 at the interface
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between the surface 818 and the corresponding second
surface 814 of the shoulder 810. In general, the recep-
tacle 828, the resilient conductive element 806 and/or
the surface 812 cooperate to restrain radial motion of the
electrode body 802 when the electrode 800 is mounted
with the plasma arc torch.
[0109] FIG. 8B illustrates the configuration of the com-
ponents of FIG. 8A during transferred arc mode. During
pilot arc mode, gas pressure reacts against the electrode
body 802 to overcome the urging of the resilient conduc-
tive element 806 in a direction axially away from the prox-
imal end 808 to move the electrode body 802, specifically
the surface 826 into contact with the corresponding sec-
ond surface 822 of the contact element 804. In this con-
figuration, electrical communication can be established
directly between the contact element 804 and the elec-
trode body 802, and the electrical current can be in-
creased for transferred arc operation. In some embodi-
ments, the contact element 804 defines an end surface
840 that is remote from a surface 842 of the electrode
body 802. In some embodiments, the end surface 840
contacts or "bottoms out" by reacting against the surface
842 to provide a second current path between the contact
element 804 and the electrode body 802.
[0110] FIG. 9 depicts a cross section of another em-
bodiment of an electrode. The electrode 900 includes an
electrode body 902, a contact element 904 and a resilient
conductive element 906 substantially aligned along the
longitudinal axis A. The electrode body 902 defines a
radially extending surface 908 that can react against a
surface 910 of the resilient conductive element 906 to
hinder disengagement (e.g., capture) of the resilient con-
ductive element 906 from the electrode body 902. The
resilient conductive element 906 or the surface 910 can
be advanced axially along the longitudinal axis A and
forced or pressed over the surface 908 to form a diametral
interference fit. Other types of fits may be used to hinder
disengagement of the resilient conductive element 906
from the electrode body 902.
[0111] The contact element 904 defines a receptacle
912, a first surface 914 for electrical communication
and/or physical contact with a corresponding surface of
a power contact of a plasma arc torch (not shown), and
a second surface 916 for electrical communication and/or
physical contact with a corresponding surface 918 of the
electrode body 902. The receptacle 912 can be dimen-
sioned such that an inside diameter of the receptacle is
slightly less than an outside diameter of the resilient con-
ductive element 906. The contact element 904 and the
receptacle 912 can be pressed or forced over the resilient
conductive element 906 to establish a friction or other
type of fit between a portion of the resilient conductive
element 906 and the receptacle 912. In some embodi-
ments, alternative or additional joints or fits can be used
to secure the contact element 904 to the resilient con-
ductive element 906 and the electrode 900. In general,
the receptacle 912 cooperates with the resilient conduc-
tive element 906 to radially restrain the electrode body

902 when the electrode 900 is mounted within the plasma
arc torch.
[0112] FIG. 10A is a perspective view of an exemplary
contact element and resilient conductive element. The
system 1000 includes a contact element 1002 and a re-
silient conductive element 1004 disposed within a recep-
tacle 1006 of the contact element 1002. The contact el-
ement 1002 includes a flange 1008 that defines one or
more through-holes 1010 to facilitate gas passage about
the system 1000. In some embodiments, the through-
holes 1010 impart a swirling motion to gas as the gas
moves about an electrode body, for example, to cool the
electrode body or a plasma arc torch. In some embodi-
ments, the resilient conductive element 1004 is secured
or fastened (e.g., by bonding) to the contact element
1002. In some embodiments, the resilient conductive el-
ement 1004 is formed integrally with the contact element
1002.
[0113] FIG. 10B is a cross-sectional view of a portion
of a plasma arc torch employing the components of FIG.
10A during pilot arc operation. The torch 1020 includes
the contact element 1002, the resilient conductive ele-
ment 1004, an electrode body 1022, and a power contact
1024 substantially aligned along the longitudinal axis A.
In some embodiments, the power contact 1024 is in elec-
trical communication with a power supply (not shown).
The power contact 1024 is surrounded by a torch com-
ponent 1026 that cooperates with an exterior surface
1028 of the contact element 1004 to define a gas pas-
sageway 1030. Gas can be supplied for generating the
plasma arc and for workpiece processing as discussed
above with respect to FIG. 2A. Gas pressure within the
torch 1020 is relieved by flowing around the electrode
body 1022 (e.g., by swirling around the electrode body
1022 guided by the fins 1032) towards the power contact
1024. Gas can flow through the holes 1010 in the contact
element 1004 and along the gas passageway 1030 away
from the electrode body 1022.
[0114] In the illustrated embodiment, the flange 1008
is disposed between a surface 1034 of the torch compo-
nent 1026 and a surface 1036 of the swirl ring 1038. In
some embodiments, the system 1000 of FIG. 10A is a
consumable component and is installed within the torch
1020, and the electrode body 1022 is replaced more fre-
quently than the system 1000. This allows, for example,
the electrode body 1022 to be consumed and changed
easily and without disassembling the torch 1020. In some
embodiments, the system 1000 is secured with respect
to the power contact 1024 by an interference fit. For ex-
ample, the system 1000 is located within the torch 1020,
and the swirl ring 1038 is secured (e.g., by threading)
relative to an outside surface 1040 of the torch compo-
nent 1026 to axially and/or radially secure the flange 1008
with respect to the torch component 1026, power contact
1024 and/or the torch 1020. In some embodiments, the
flange reacts with or seats against other components of
the torch 1020.
[0115] One or more components of the system 1000
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can be integrated with the swirl ring 1038. For example,
the flange 1008 can be bonded or otherwise secured to
the swirl ring 1038 to form a unitary component. In some
embodiments, the contact element 1002 is formed of the
same material as the swirl ring 1038 during the machining
or manufacturing process. The resilient element 1004
can be secured to the contact element 1002-swirl ring
1038 combination, for example by a diametral interfer-
ence fit or other securing methods. In some embodi-
ments, the resilient element 1004 is not secured to either
the contact element 1002 or the swirl ring 1038.
[0116] The electrode body 1022 can be moved (e.g.,
by gas pressure) towards the power contact 1024 such
that a surface 1042 of the electrode body 1022 engages
a corresponding surface 1044 of the contact element
1002 to establish electrical communication and physical
contact. Electrical current associated with transferred arc
operation of the torch 1020 passes between the electrode
body 1022 and the contact element 1002.
[0117] FIG. 11A depicts an exemplary contact element
for use in a contact start plasma arc torch. The contact
element 1100 includes a first surface 1102, a second
surface 1104, an extensive portion 1106 and a restraining
portion 1108. The first surface 1102 is configured for elec-
trical communication with a power contact of a plasma
arc torch (not shown). For example, electrical communi-
cation can be established by physical contact with a cor-
responding surface (not shown) of the power contact.
The second surface 1104 is configured for electrical com-
munication with an electrode body (not shown), a resilient
conductive element, or both. For example, electrical com-
munication can be established with the electrode body
by physical contact between the second surface 1104
and a corresponding surface of the electrode body. In
some embodiments, physical contact between the power
contact and the first surface 1102 and physical contact
between the electrode body and the second surface es-
tablishes a path for current to flow between the power
contact (e.g., the power supply) and the electrode body.
[0118] The extensive portion 1106 of the contact ele-
ment is adjacent the restraining portion 1108. In some
embodiments, the extensive portion and the restraining
portion are formed integrally (e.g., from the same mate-
rial). The extensive portion 1106 protrudes orthogonally
from the second surface 1104. As depicted, the extensive
portion 1106 defines a circular cross-section having a
diameter, but other geometries are possible. The width
w of the restraining portion 1108 exceeds the diameter
of the extensive portion 1106, and the thickness t of the
restraining portion 1108 is less than the diameter.
[0119] FIG. 11B depicts the contact element of FIG.
11A rotated 90° about a vertical axis. In some embodi-
ments, the restraining portion 1108 and the extensive
portion 1106 are advanced into a receptacle of an elec-
trode body (not shown) in a first orientation such as that
of FIG. 11B. An opening adjacent the receptacle is di-
mensioned to permit the restraining portion 1108 and the
extensive portion 1106 to enter the receptacle. However,

rotating the contact element 1100 about a vertical axis
(e.g., as depicted in FIG. 1A), positions the contact ele-
ment 1100 such that the restraining portion 1108 reacts
against a portion of the receptacle to hinder disengage-
ment of the contact element from the electrode body. The
contact element 1100 can be secured to an electrode
body in other ways, for example, by threading or by an
interference fit.
[0120] In some embodiments, the resilient element has
minimal or no electrical current conduction between the
contact element and the electrode body. The resilient
element provides mainly a mechanical function for bias-
ing the electrode body toward the nozzle. For example,
FIG. 12 shows a cross section of an embodiment of an
electrode including such a resilient element. The elec-
trode 1700 includes an electrode body 1702 defining a
distal end 1704 and a proximal end 1708 oppositely dis-
posed along the longitudinal axis A. The proximal end
1708 of the electrode body 1702 defines a receptacle
1724 centered about the longitudinal axis A.
[0121] The electrode 1700 includes a contact element
1716 having a first surface 1718 in electrical communi-
cation with a power supply (not shown), a second surface
1720 adapted to contact a contact surface 1722 of the
electrode body 1724, and a connective member 1728
extending from the second surface 1720 into the recep-
tacle 1724. The connective member 1728 is configured
to slideably engage the electrode body 1702. For exam-
ple, the connective member 1728 includes an aligning
portion 1730 that is substantially coaxial with the longi-
tudinal axis A. In some embodiments, the electrode body
1702 includes a restraint 1732 disposed at the proximal
end of the receptacle 1724 for reacting against the con-
nective member 1728 or the aligning portion 1730 of the
contact element 1716 to hinder disengagement of the
contact element 1716.
[0122] The electrode 1700 includes a resilient element
1710 and a conductive element 1712, such as a wire or
a conductive strip, electrically connecting the electrode
body 1702 to the contact element 1716 or the power sup-
ply (not shown). The resilient element 1710 serves a sub-
stantially similar separation function as the conductive
resilient element 312 described above with reference to
FIGS. 3A and 3B. However, the resilient element 1710
is designed to pass minimal or no electrical current be-
tween the contact element 1716 and the electrode body
1702.
[0123] However, in some embodiments, the resilient
element 1710 is constructed from a conductive material,
such as tellurium copper, silver, silver copper alloys, or
other alloys. In such cases, an insulating material 1706
can be disposed between the resilient element 1710 and
a surface of the electrode body 1702 where the resilient
element 1710 contacts the electrode body 1702. This
insulating material is adapted to substantially prevent
electrical current from being passed between the resilient
element 1710 and the electrode body 1702. In some em-
bodiments, an insulating material (not shown) can be in-
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serted between the resilient element 1710 and a surface
of the contact element 1716 where the resilient element
1710 contacts the contact element 1716. The insulating
material is adapted to substantially prevent electrical cur-
rent from being passed between the contact element
1716 and the resilient element 1710. In some embodi-
ments, the resilient element 1710 is constructed from a
material with no or low conductivity, such as a dielectric
material.
[0124] The conductive element 1712 can be designed
to pass substantially all of a pilot arc current during a pilot
arc operation or substantially all of an electrical current
during a transferred arc operation, or a combination
thereof. In some embodiments, the conductive element
1712 passes substantially all of a pilot arc current. More
specifically, during a pilot arc operation, a pilot current
passes between the power supply and the contact ele-
ment 1716 through the conductive element 1712 to the
electrode body 1702, such that the conductive element
1712 carries substantially the entire pilot arc current.
[0125] In some embodiments, the conductive element
1712 passes substantially all of a cutting current between
the power supply and the electrode body 1702 during a
transferred arc mode, e.g., as high as 20, 50 or 100 amps,
depending upon the setting of the torch system. In these
cases, mechanisms can be employed to prevent electri-
cal current from being passed directly between the sec-
ond surface 1720 of the contact element 1716 and the
contact surface 1712 of the electrode body 1702 as the
electrode body 1702 moves away from the nozzle (not
shown) to generate an arc. For example, an insulating
material (not shown) can be inserted between the second
surface 1720 of the contact element 1716 and the contact
surface 1722 of the electrode body to substantially pre-
vent current transfer. The conductive element 1712 thus
provides a path of least resistance and/or highest con-
ductance between the contact element 1716 and the
electrode body 1702 in a transferred arc operation.
[0126] In other embodiments, during a transferred arc
operation, the conductive element 1712 passes no or
minimal electrical current. Instead, as the contact surface
1722 of the electrode body 1702 moves into physical
contact with the second surface 1720 of the contact el-
ement 1716, the resulting interface provides a direct elec-
trical path from the power supply to the electrode body
1702 that passes substantially all of the electrical current
during the transferred arc mode. Specifically, the inter-
face provides a path of least resistance and/or highest
conductance between the contact element 1716 and the
electrode body 1702.
[0127] In some embodiments, during a transferred arc
operation, electrical current is passed between the con-
tact element 1716 and the electrode body 1702 via both
the conductive element 1712 and the physical interface
created when the second surface 1720 of the contact
element 1716 meets the contact surface 1722 of the elec-
trode body 1702. Multiple electrical paths can reduce
physical wear on the electrode body 1702 and the contact

element 1716 by reducing the mechanical load associ-
ated with physical contact, which prolongs the life of the
electrode 1700.
[0128] FIG. 13 illustrates another embodiment of an
electrode 1800 that includes a resilient element 1810
configured to pass minimal or no electrical current to the
electrode body 1802. The resilient element 1810 serves
a substantially similar biasing function as the conductive
resilient element 312 described above with reference to
FIGS. 3A and 3B. Various mechanisms for preventing
the resilient element 1810 from conducting electrical cur-
rent are described above with reference to FIG. 12.
[0129] The electrode 1800 includes an electrode body
1802 defining a distal end 1804 and a proximal end 1808
oppositely disposed along the longitudinal axis A. The
proximal end 1808 of the electrode body 1802 defines a
receptacle 1824 centered about the longitudinal axis A.
The electrode 1800 also includes a contact element 1816
having a first surface 1818 configured for electrical com-
munication with a power supply (not shown), a second
surface 1820 configured for physical contact with a con-
tact surface 1822 of the electrode body 1802 and a con-
nective member 1827 extending from the second surface
1820 into the receptacle 1824. The connective member
1827 is configured to slideably engage the electrode
body 1802. For example, the connective member 1827
includes an aligning portion 1830 that is substantially co-
axial with the longitudinal axis A. In some embodiments,
the electrode body 1802 includes a restraint 1832 dis-
posed at the proximal end of the receptacle 1824 for re-
acting against the connective member 1827 or the align-
ing portion 1830 of the contact element 1816 to hinder
disengagement. In some embodiments, the aligning por-
tion 1830 defines an opening 1834 configured to receive
a first portion 1831 of a probe 1828 partially embedded
in the electrode body 1802. As shown, the opening 1834
is substantially centered about the longitudinal axis A.
[0130] The probe 1828 includes a first portion 1831
extending into the receptacle 1824 and a second portion
1832 embedded in the electrode body 1802. The first
portion can be fabricated to relatively tight tolerance with-
in the opening 1834 and remains in constant contact with
at least a portion of an inner surface of the opening 1834.
During a transferred arc operation, the first portion 1831
of the probe 1828 further advances into the opening 1834
as the electrode body 1802 moves away from the nozzle
under gas pressure until a surface 1838 of the first portion
1831 contacts a first surface 1836 of the opening 1834
and/or a surface 1842 of the second portion 1832 con-
tacts a second surface 1840 of the opening 1834.
[0131] The probe 1828 can be an electrically conduc-
tive probe fabricated from copper alloys and/or plated
with a conductive metal, for example, gold, silver, nickel
or tin. In some embodiments, the probe 1828 is config-
ured to pass substantially all of a pilot arc current. For
example, during a pilot arc operation, a pilot arc current
passes from the power supply (not shown) to the contact
element 1816 and from the contact element 1816 to the
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first portion 1831 of the conductive probe 1828, which
constitutes a low resistance path for the pilot arc current
to pass therethrough. The probe 1828 then passes the
pilot arc current to the electrode body 1802.
[0132] In some embodiments, the probe 1828 passes
substantially all of a cutting current between the power
supply and the electrode body 1802 during the trans-
ferred arc mode. More specifically, the contact between
the surface 1838 of the first portion 1831 and the first
surface 1836 of the opening 1834 and/or between the
surface 1842 of the second portion 1832 and the second
surface 1840 of the opening 1834 provides a path of least
resistance between the contact element 1816 and the
electrode body 1802 during the transferred arc mode. In
some embodiments, mechanisms similar to the designs
described above with reference to FIG. 12 are employed
to prevent electrical current from being directly passed
between the second surface 1820 of the contact element
1816 and the contact surface 1812 of the electrode body
1802 as the electrode body 1802 moves away from the
nozzle during a transferred arc operation.
[0133] In some embodiments, during a transferred arc
operation, electrical current is passed between the con-
tact element 1816 and the electrode body 1802 via both
the probe 1828 and the current path created when the
second surface 1820 of the contact element 1816 meets
the contact surface 1822 of the electrode body 1802.
Multiple electrical paths can reduce physical wear on the
electrode body 1802 and the contact element 1816 by
reducing the mechanical load associated with physical
contact, which prolongs the life of the electrode 1800.
[0134] FIG. 14 shows yet another embodiment of an
electrode 1900 including a resilient element 1910 con-
figured to pass minimal or no electrical current to the
electrode body 1902. The resilient element 1910 serves
a substantially similar biasing function as the conductive
resilient element 312 described above with reference to
FIGS. 3A and 3B. Various mechanisms for preventing
the resilient element 1910 from conducting electrical cur-
rent are described above with reference to FIG. 12.
[0135] The electrode 1900 includes an electrode body
1902 defining a distal end 1904 and a proximal end 1908
oppositely disposed along the longitudinal axis A. The
proximal end 1908 of the electrode body 1902 defines a
receptacle 1924 centered about the longitudinal axis A.
The electrode 1900 also includes a contact element 1916
having a first surface 1918 configured for electrical com-
munication with a power supply (not shown), a second
surface 1920 configured for physical contact with a con-
tact surface 1922 of the electrode body and a connective
member 1928 extending from the second surface 1920
into the receptacle 1924. The connective member 1928
is configured to slideably engage the electrode body
1902. For example, the connective member 1928 in-
cludes an aligning portion 1930 that is substantially co-
axial with the longitudinal axis A. In some embodiments,
the electrode body 1902 includes a restraint 1932 dis-
posed at the proximal end of the receptacle 1924 for re-

acting against the connective member 1928 or the align-
ing portion 1930 of the contact element 1916 to hinder
disengagement.
[0136] The electrode body 1902 includes a portion
1942 axially extending into the receptacle 1924 and de-
fining a smaller diameter than an inside diameter of a
second resilient element 1940 such that the second re-
silient element 1940 surrounds the portion 1942. The
second resilient element 1940 is configured to react
against a surface 1944 of the aligning portion 1930 of the
contact element 1916 to provide a separation force. Dur-
ing a transferred arc operation, gas pressure pushes the
electrode body 1902 away from the nozzle (not shown)
and overcomes the separation force of the resilient ele-
ment 1910 and the second resilient element 1940 to
move the electrode body 1902 axially toward the proximal
end 1908 until the surface 1944 of the aligning portion
1930 physically contacts the corresponding surface 1946
of the portion 1942.
[0137] The second resilient element 1940 can be an
electrically conductive element fabricated with beryllium
copper, for example. In some embodiments, the second
resilient element 1940 is configured to pass substantially
all of a pilot arc current between the contact element 1916
and the electrode body 1902 during initiation of a pilot
arc. In some embodiments, during a transferred arc op-
eration, electrical current is passed between the contact
element 1916 and the electrode body 1902 through the
second resilient element 1940 and the current path cre-
ated when the surface 1944 of the aligning portion 1930
contacts the corresponding surface 1946 of the portion
1942. In addition, mechanisms similar to the designs de-
scribed above with reference to FIG. 12 can be employed
to prevent electrical current from being directly passed
between the second surface 1920 of the contact element
1916 and the contact surface 1922 of the electrode body
1902 as the electrode body 1902 moves away from the
nozzle (not shown) to generate an arc.
[0138] As shown in FIGS. 12-14, the resilient element
can be non-conductive and can be configured to mainly
facilitate movement of the electrode body for contact
starting a plasma arc torch. Instead, one or more con-
ductive elements can be used to pass a pilot arc current
from the power supply to the electrode body during a pilot
arc operation or a cutting current from the power supply
to the electrode body during a transferred arc operation,
or a combination thereof. For example, the conductive
element 1712 of FIG. 12, the probe 1828 of FIG. 13 or
the second resilient element 1940 of FIG. 14 can be ap-
propriately sized and designed to conduct one or both
types of current for a contact start plasma arc torch.
These designs can be used in various combinations that
would be known and apparent to a person of ordinary
skill in the part after reading the present disclosure.
[0139] FIG. 15A is a cross-sectional partial perspective
view of an assembly 1200 for a contact start plasma arc
torch. The assembly 1200 includes an electrode 1204, a
hollow body 1208, a resilient element 1212, and a power
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contact 1216. The electrode 1204 includes an electrode
body 1220 including a distal end 1224 for housing an
emissive element 1228. The electrode 1204 also in-
cludes an end 1232 positioned remotely from the distal
end 1224. The end 1232 is positioned relative to the distal
end 1224 (e.g., adjacent the electrode body 1220). The
electrode body 1220 includes a set of spiral-shaped
grooves 1236 for directing gas flow or facilitating cooling
of the assembly 1200. The electrode 1204 can move
along axis A when the assembly 1200 is installed within
a torch (not shown), for example, to slideably engage an
interior surface 1240 of the hollow body 1208. The hollow
body 1208 includes a front portion 1244 and a rear portion
1248. In one embodiment, the front portion 1244 includes
one or more holes 1252 from an exterior surface 1256
to the interior surface 1240. The holes 1252 can impart
a swirling motion relative to the axis A to a gas flowing
through the assembly 1200. A hollow body 1208 having
such holes 1252 for generating a swirl gas flow is com-
monly referred to as a swirl ring. It should be recognized
that a swirl ring is simply a variation of a hollow body
1208 and the system disclosed herein is capable of func-
tion in the hollow body 1208 or swirl ring configuration.
It should also be recognized that the hollow body may
be an integrally formed portion of a torch.
[0140] The end 1232 of the electrode 1204 includes a
portion 1260 that extends axially along axis A. The portion
1260 includes a first length 1264 (or distance) along a
first direction (e.g., radially away from the axis A) and a
second length 1268 (or distance) along a second direc-
tion (e.g., radially away from the axis A and perpendicular
to the first direction). The hollow body 1208 includes a
shoulder 1272 disposed relative to the interior surface
1240 (e.g., defined on the interior surface 1240). The
shoulder 1272 can also be referred to as a contour, step,
or flange and can have various geometries relative to the
interior surface 1240 (e.g., semicircular, triangular, rec-
tangular, or non-regular polygonal geometries). The
shoulder 1272 defines a first portion 1276 and a second
portion 1280. The first portion 1276 and the second por-
tion 1280 cooperate to form a contoured opening through
which the portion 1260 of the electrode 1240 can move.
More specifically, the second portion 1280 is located at
a distance from the axis A sufficient to facilitate slideable
passage of the second length 1268 therethrough. The
first portion 1276 cooperates with the second portion
1280 to define an opening having a slot 1284 of suffi-
ciently greater size than the first length 1264 to facilitate
slideable passage of the first length 1264 therethrough.
The electrode 1204 is installed within the torch in the
hollow body 1208 such that the portion 1260 can move
axially along axis A and reciprocatingly through the open-
ing defined by the first portion 1276 and the second por-
tion 1280.
[0141] The portion 1260 also includes a surface 1288
that includes a first region 1290 for electrical communi-
cation with the resilient element 1212 and a second re-
gion 1292 for electrical communication with the power

contact 1216, e.g., via physical contact with a corre-
sponding surface 1294 of the power contact 1216. The
resilient element 1212 resiliently urges the electrode
1204 toward the distal end 1224. The electrode 1204 is
hindered from being ejected from the torch by a nozzle
(not shown) that is in physical contact with the distal end
1224 when the nozzle is installed. The nozzle is secured
to the torch so that the portion 1260 (e.g., via the first
region 1290) is in physical contact with the resilient ele-
ment 1212. For example, installing the nozzle urges the
portion 1260 through the slot 1284 and positions the first
region 1290 in physical contact with the resilient element
1212. When the nozzle is installed, the resilient element
is compressed.
[0142] The resilient element 1212 is positioned be-
tween the shoulder 1272 and a flange 1296 of the power
contact 1216. The resilient element 1212 is retained or
captured between the hollow body 1208 (e.g., via the
shoulder 1272) and the power contact 1216 (e.g., via the
flange 1296). The shoulder 1272 thus retains the resilient
element 1212 and facilitates access by the electrode
1204 to the resilient element 1212 and the power contact
1216.
[0143] The power contact 1216 is in electrical commu-
nication with a power supply (not shown). During pilot
arc initiation, the power supply provides a pilot arc current
to the power contact 1216, and the current flows from
the flange 1296 through the resilient element 1212 to the
first region 1290 of the electrode 1204. A plasma gas
(not shown) flows about the electrode during pilot arc
initiation, and the plasma gas increases fluid pressure
on the electrode 1204. The pressure moves the electrode
1204 axially toward the power contact 1216 and into
physical contact. Physical separation of the electrode
1204 and the nozzle generates a pilot arc in a plasma
chamber (not shown) formed between the nozzle and
the electrode 1204. Pressure moves the electrode 1204
into physical contact and electrical communication with
the power contact 1216 for transferred arc operation.
When the electrode 1204 is in contact with the power
contact, the portion 1260 is disposed within the slot 1284.
[0144] During transferred arc operation, transferred
arc current flows from the power supply through the pow-
er contact 1216 to the electrode 1204 via the physical
contact between the second region 1292 of the surface
1288 of the portion 1260 and the corresponding surface
1294 of the power contact 1216. Gas pressure is in-
creased during transferred arc operation to form a plas-
ma jet for processing a workpiece (not shown).
[0145] Although the assembly 1200 is illustrated for
the first region 1290 to physically contact the resilient
element 1212 directly, other configurations are possible.
For example, the resilient element 1212 can include a
separate contact surface (not shown), such as an annu-
lar, washer-like plate, secured to the resilient element
1212 for physical contact and electrical communication
with the electrode 1204. Similarly, the corresponding sur-
face 1294 of the power contact 1216 can be plated or
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coated with a material such that the electrode 1204 is in
contact with the plate or coating rather than the power
contact 1216 itself..
[0146] In some embodiments, the front portion 1244
and the rear portion 1248 of the hollow body 1208 are
integrally formed (e.g., manufactured from the same
piece of material). In some embodiments, the front por-
tion 1244 and the rear portion 1248 are formed of different
materials, for example, the front portion 1244 can be
made from an insulative material, and the rear portion
1248 can be made from a conductive material.
[0147] In some embodiments, the slot 1284 has a di-
mension or size that is substantially greater than the first
length 1264 to facilitate some angular displacement of
the electrode 1204 about the axis A within the hollow
body 1208 (e.g., while the portion 1260 is disposed within
the slot 1284). The slot 1284 can also resist angular dis-
placement of the electrode 1204 about the axis A, for
example, by reacting against the portion 1260 to hinder
angular displacement. In some embodiments, the first
region 1290 and the second region 1292 of the surface
1288 are not co-planar or do not form regions of the same
surface. For example, the first region 1290 can be posi-
tioned axially remote from the second region 1292, such
that the portion 1260 of the electrode 1204 includes an
axial step, flange, or shoulder (not shown).
[0148] FIG. 15B is an exploded perspective view of the
assembly 1200 of FIG. 18A with a portion of the hollow
body 1208 cut away. The view of FIG. 18B illustrates the
electrode 1204, the hollow body 1208, the resilient ele-
ment 1212, and the power contact 1216 in an unassem-
bled configuration before installation in a plasma arc
torch (not shown). During assembly, the electrode 1204
slideably engages the hollow body 1208, such that no
threads are needed to attach the electrode 1204 to the
hollow body 1208. A surface 1297 of the resilient element
1212 is illustrated. The surface 1297 is in contact with
the shoulder 1272 of the hollow body 1208 when the re-
silient element 1212 is positioned within the torch. The
first region 1290 is moved through the slot 1284 and into
physical contact and electrical communication with at
least a portion of the surface 1297 of the resilient element
1212.
[0149] FIG. 15C is an elevational view of a portion of
the assembly 1200 of FIG. 18A. FIG. 15C depicts the
hollow body 1208, the power contact 1216, and the sur-
face 1297 of the resilient element 1212. The electrode
1204 is not shown, but reference is made to various fea-
tures of the electrode 1204 as depicted in FIG. 18A. The
hollow body 1208 includes the shoulder 1272. The shoul-
der 1272 defines a first portion 1276 and a second portion
1280 that cooperate to form a contoured opening through
which the portion 1260 of the electrode 1204 can move.
As depicted, the first portion 1276 and second portion
1280 cooperate to form the slots 1284A and 1284B in
the opening through which the portion 1260 of the elec-
trode 1204 can move (e.g., by reciprocatingly sliding)
when the electrode 1204 is installed in the torch. In such

a configuration, the slots 1284A and 1284B in the hollow
body 1208 have a complimentary shape to the shape of
the portion 1260 of the electrode. The shape of the slots
1284A and 1284B are complimentary in that they are
shaped to receive the portion 1260 of the electrode. How-
ever, the shape of the slots 1284A and 1284B need not
match the shape of the portion 1260 of the electrode.
Instead, the shape of the slots 1284A and 1284B need
only be capable of allowing clearance of the portion 1260
of the electrode.
[0150] In some embodiments, the first portion 1276
and the second portion 1280 cooperate to form a con-
toured opening having one slot 1284A or 1284B, but not
both. Each of the slots 1284A and 1284B are defined by
two portions 1285 that are parallel to each other. The
portions 1285 can also define other geometries or orien-
tations, for example, the portions 1285 can be radially
directed relative to the axis A (e.g., to form a triangular
slot 1284). The portions 1285 can also be circular, sem-
icircular, or otherwise curved. In general, the portions
1285 can define any geometry that permits the portion
1260 of the electrode to pass through the shoulder 1272
(e.g., through the opening defined by the first portion
1276 and the second portion 1280).
[0151] The distance d1 from the axis A to the second
portion 1280 is greater than the distance d2 from the axis
A to the first portion 1276. The distance d3 from the axis
A to the resilient element 1212 is greater than the dis-
tance d2 and less than the distance d1. In some embod-
iments, the distance d3 can be less than the distance d2
(e.g., when an annular plate (not shown) is secured to
the resilient element 1212). The distance d4 from the axis
A to the power contact 1216 is less than the distance d3
to facilitate passage of the second region 1292 through
the resilient element 1212 and into physical contact and
electrical communication with the corresponding surface
1294 of the power contact 1216.
[0152] In some embodiments, the electrode 1204 does
not move past the shoulder, for example, when the por-
tion 1260 and the slots 1284A and 1284B are not aligned.
In such configurations, the portion 1260 contacts the
shoulder 1272, which resists passage of the portion 1260
therethrough. In some embodiments, the electrode 1204
can be securedly positioned within the torch. For exam-
ple, the portion 1260 can be passed entirely through the
shoulder 1272 into contact with the resilient element 1212
(e.g., via the first region 1290). The portion 1260 com-
presses the resilient element 1212. The resilient element
1212 urges the electrode 1204 toward the distal end
1224. Upon angular displacement of the portion 1260
about the axis A, a proximal surface (not shown) of the
shoulder 1272 resists distal movement of the electrode
1204. The interaction between the portion 1260 and the
proximal surface of the shoulder 1272 prevents the re-
silient element 1212 from ejecting the electrode 1204
from the hollow body 1208 and/or the torch.
[0153] In some embodiments, the portion 1260 has a
circular configuration centered about the axis A. In such
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embodiments, the portion 1260 includes a first region
1290 (e.g., an annular outer perimeter of the circular con-
figuration) for physical contact and electrical communi-
cation with the resilient element 1212 and a second re-
gion 1292 (e.g., a region disposed within the annular out-
er perimeter) for electrical communication and physical
contact with the power contact 1216. As discussed
above, the first region 1290 and the second region 1292
can be co-planar (e.g., portions of the same surface) or
non-co-planar (e.g., portions of different surfaces). In an
alternative embodiment, the first region 1290 can be a
separate radial extensive portion (not shown) positioned
along the length of the longitudinal axis A of the electrode
1204, such as a pin extending radially through the elec-
trode 1204. The radial extensive portion functions in the
same manner as the first region 1290, by providing a
mechanism for electrically coupling the electrode 1204
to a resilient element 1212 for conducting a pilot arc. In
one embodiment, the radial extensive portion is an elon-
gated shoulder or a pin that can pass through shoulder
1272, while still allowing the resilient element 1212 to be
maintained within the hollow body 1208. In such an em-
bodiment, the shoulder 1272 is positioned further down
the axial length of the hollow body 1208 towards the distal
end of the electrode.
[0154] FIG. 16A is a perspective view of an electrode
1300 for a contact start plasma arc torch. The electrode
1300 is similar to the electrode 1204 depicted in FIG.
18A. The electrode includes a distal end 1304 and a sec-
ond end 1308. The second end 1308 includes an exten-
sive portion 1312 that extends axially along the axis A.
The extensive portion 1312 defines three portions 1316A,
1316B, and 1316C (also called "fins"), all of which extend
away from the axis A. Each of the three portions 1316A,
1316B, and 1316C define a first length l1 and a second
length l2 that is greater than the first length l1. In some
embodiments, the values for the first length l1 and second
length l2 of each of the three portions 1316A, 1316B, and
1316C are the same. The values for the first length l1 and
the second length l2 can also be different for each of the
three portions 1316A, 1316B, and 1316C. The lengths l1
and l2 are depicted as directed perpendicularly to each
other. In some embodiments, the lengths l1 and l2 can
be directed in other configurations, for example, radially
away from the axis A towards points 1320A and 1320B
respectively. Other directions for the lengths l1 and l2 are
also possible.
[0155] As depicted, each of the three portions 1316A,
1316B, and 1316C are disposed about the axis A in an
equiangular configuration (e.g., an angle θ between each
of the portions 1316A, 1316B, and 1316C is about 120°).
However, the three portions 1316A, 1316B, and 1316C
can be disposed in other angular configurations about
the axis A that are not equiangular.
[0156] Each of the three portions 1316A, 1316B, and
1316C include a respective first region 1324A, 1324B,
and 1324C for electrical communication and/or physical
contact with a corresponding surface (not shown) of a

resilient element (not shown). Each of the three portions
1316A, 1316B, and 1316C include a respective second
region 1328A, 1328B, and 1328C for electrical commu-
nication and/or physical contact with a corresponding
surface (not shown) of a power contact (not shown).
[0157] As depicted, the first region 1324A, 1324B, and
1324C of each portion 1316A, 1316B, and 1316C is de-
picted as coplanar with the respective second portion
1328A, 1328B, and 1328C. In some embodiments, the
first region 1324A, 1324B, and 1324C is not coplanar
with the respective second region 1328A, 1328B, and
1328C. In some embodiments, the second regions
1328A, 1328B, and 1328C are not coplanar with each
other second region. In some embodiments, a subset of
the three portions, e.g., 1316A and 1316B, are in elec-
trical communication with the resilient element, and the
other portions, e.g., 1316C, is not in electrical communi-
cation with the resilient element. The portions, e.g.,
1316C, not in electrical communication with the resilient
element can provide aligning features or increased sur-
face area to improve cooling the electrode. The portion
1316C can still be moved into physical contact and elec-
trical communication with the power contact during trans-
ferred arc operation. In some embodiments, the first re-
gion 1324A, 1324B, and 1324C or the second region
1328A, 1328B, and 1328C, or both, can coincide with
the extensive portion 1312. For example, pilot current
and/or transferred arc current can flow between a power
supply and the electrode 1300 via electrical communica-
tion with the extensive portion 1312 (e.g., via a sliding
electrical contact discussed above).
[0158] FIG. 16B is an elevational view of an assembly
1340 for use with the electrode 1300 of FIG. 16A. The
assembly 1340 includes a hollow body 1344, a resilient
element 1348, and a power contact 1352. The assembly
is similar to the assembly 1200 depicted in FIG. 15C. The
assembly 1340 is configured for use with the electrode
1300 of FIG. 16A. More specifically, hollow body 1344
includes a shoulder 1356 that has a first portion 1360
and a second portion 1364 that cooperate to form a con-
toured opening having three slots 1368A, 1368B, and
1368C. The opening and the three slots 1368A, 1368B,
and 1368C facilitate movement of the corresponding por-
tions 1316A, 1316B, and 1316C through the opening and
into physical contact and electrical communication with
the resilient element 1348. As discussed above, the size
of slots 1368A, 1368B, and 1368C is depicted as approx-
imately the same size as the portions 1316A, 1316B, and
1316C; however, the slots 1368A, 1368B, and 1368C
can be larger (e.g., circumferentially larger) than the cor-
responding portions 1316A, 1316B, and 1316C.
[0159] FIGS. 17A-17B, 18A-18B, and 19 depict alter-
native embodiments of electrodes and assemblies that
operate similarly to those described above.
[0160] FIG. 17A is a perspective view of an electrode
1400 for a contact start plasma arc torch. The electrode
1400 includes four portions 1404A, 1404B, 1404C, and
1404D.
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[0161] FIG. 17B is an elevational view of an assembly
1420 for use with the electrode 1400 of FIG. 17A. The
assembly 1420 includes a hollow body 1424 including a
shoulder 1428 with a first portion 1432 and a second
portion 1436 defining an contoured opening with four
slots 1440A, 1440B, 1440C, and 1440D to facilitate pas-
sage of the four corresponding portions 1404A, 1404B,
1404C, and 1404D through the contoured opening and
into physical contact and/or electrical communication
with the resilient element 1444 and the power contact
1448.
[0162] FIG. 18A is a perspective view of an electrode
1500 for a contact start plasma arc torch. The electrode
1500 includes five portions 1504A, 1504B, 1504C,
1504D, and 1504E.
[0163] FIG. 18B is an elevational view of an assembly
1520 for use with the electrode 1500 of FIG. 18A. The
assembly 1520 includes a hollow body 1524 including a
shoulder 1528 defining a contoured opening to facilitate
passage of the five corresponding portions 1504A,
1504B, 1504C, 1504D, and 1504E through the contoured
opening and into physical contact and/or electrical com-
munication with a resilient element 1532 and power con-
tact 1536. The electrode 1500 can be used in a manner
similar to that described above for the electrode 1204 of
FIG. 18A, electrode 1300 of FIG. 16A, and the electrode
1400 of FIG. 17A.
[0164] A value for the operational current of the plasma
arc torch can be related or associated with the number
of portions (e.g., the three portions 1316A-1316C of FIG.
16A, the four portions 1404A-1404D of FIG. 17A, or the
five portions 1504A-1504E of FIG. 18A) that a particular
electrode includes. For example, an electrode with the
three portions 1316A-1316C can be used in a torch op-
erating at about 60 Amps during transferred arc opera-
tion. An electrode with four portions 1404A-1404D can
be used in a torch operating at about 80 Amps during
transferred arc operation. An electrode with five portions
1504A-1504E can be used in a torch operating at about
100 Amps during transferred arc operation. Electrodes
employing the designs depicted in FIGS. 16A, 17A, and
18A can be used in torches configured with a contoured
opening as depicted in FIGS. 16B, 17B, and 18B, respec-
tively. In some embodiments, an electrode can include
more than five portions.
[0165] By correlating the number of fins to the torch
operating current, the usage of the correct electrode for
a given operating current of the torch can be assured.
By way of example, in the operation of a 60-Amp torch,
the use of a hollow body 1344 with three slots 1368A,
1368B, and 1368C will receive a 60-Amp electrode with
a corresponding number of portions (or "fins"), e.g., the
three portions 1316A-1316C. On the other hand, if a user
attempts to use a 100-Amp electrode, e.g., an electrode
1500 with five portions 1504A-1504E, in an 60-Amp torch
configured with the three slots 1368A, 1368B, and
1368C, the electrode 1500 and the hollow body 1344
would not mate. The five portions 1504A-1504E are hin-

dered from passing through the three slots 1368A-
1368C. By employing such a system, the particular torch
can be optimized for a particular electrode. In some em-
bodiments, a user is thus prevented from using an elec-
trode with five fins (e.g., the electrode 1500) with a torch
that is not optimized for that electrode (e.g., a torch having
three slots 1368A-1368C). Moreover, an electrode (e.g.,
the electrode 1300) having fewer fins (e.g., three portions
1316A-1316-C) is hindered from use with a torch em-
ploying more slots (e.g., the five slots of the hollow body
1524), which increases the operational of life of the elec-
trode by optimizing the amount of current flowing through
the electrode.
[0166] FIG. 19 is a perspective view of an electrode
1600 for a contact start plasma arc torch. The electrode
1600 includes a distal end 1604 and a second end 1608.
The second end 1608 includes an extensive portion 1612
that defines a surface 1616 having diameter d1. Two re-
gions 1620A and 1620B extend from the surface 1616
along an axis A. The regions 1620A and 1620B each
define a respective end surface 1624A and 1624B. The
end surfaces 1624A and 1624B can be used for physical
contact and electrical communication with a correspond-
ing surface of a resilient element (e.g., the surface 1297
of the resilient element 1212 of FIG. 15C). Current for
pilot arc initiation flows between the resilient element (not
shown) and the electrode 1600 via the surfaces 1624A
and 1624B and the regions 1620A and 1620B. As the
electrode 1600 is moved in a proximal direction (e.g.,
away from the distal end 1604) during pilot arc initiation,
the regions 1620A and 1620B compress the resilient el-
ement. The surface 1616 is moved into physical contact
and electrical communication with a corresponding sur-
face (not shown) of a power contact (not shown), such
as the surface 1294 of the power contact 1216 of FIG.
18A for transferred arc operation.
[0167] The regions 1620A and 1620B also define re-
spective extensive surfaces 1628A and 1628B. The re-
gions 1620A and 1620B can pass through the slots
1284A and 1284B of FIG. 15C (e.g., the slots 1284A and
1284B defined by the first portion 1276 and the second
portion 1280 of the shoulder 1272). The extensive por-
tions 1628A and 1628B can react against the slots 1284A
and 1284B to hinder or resist angular displacement of
the electrode 1600 about the axis A within the torch. As
depicted, the regions 1620A and 1620B substantially par-
allel to the axis A. Other configurations or alignments of
the regions 1620A and 1620B can be used. Each of the
regions 1620A and 1620B defines a diameter d2 that is
smaller than the diameter d1.
[0168] In some embodiments, a second extensive por-
tion (not shown) extends from the surface 1616 and de-
fines a second surface (not shown). The second surface
can be parallel to the surface 1616. The second extensive
portion can extend distally (e.g., towards the distal end
1604) to define a cavity (not shown) within the second
end 1608 relative to the surface 1616. The second ex-
tensive portion can extend proximally (e.g., away from
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the distal end 1604) to define a cylindrical or pedestal-
like portion (not shown). In such embodiments, the sec-
ond surface can be moved into physical contact and elec-
trical communication with a corresponding surface of the
power contact for transferred arc operation.
[0169] The regions 1620A and 1620B are disposed di-
ametrally opposite each other and equidistant from the
axis A. In some embodiments, the electrode 1600 in-
cludes more than two regions 1620A and 1620B (e.g.,
three, four, or five regions, for use with the assemblies
1340, 1420, and 1520 of FIGS. 16B, 17B, and 18B, re-
spectively). In some embodiments, the electrode 1600
includes only one region 1620A or 1620B. In such em-
bodiments, the region 1620A or 1620B can be parallel
or aligned with the axis A. The shoulder (e.g., the shoul-
der 1272) can define an opening having a substantially
continuous circumference (e.g., without the slot 1284) in
such an embodiment. The diameter of the opening can
be smaller than an outer diameter of the resilient element
and larger than an inner diameter of the resilient element
to hinder removal of the resilient element from the torch.
The region 1620A or 1620B defines a diameter smaller
than the diameter of the opening but larger than the inner
diameter of the resilient element to facilitate contact be-
tween the region 1620A or 1620B and the resilient ele-
ment.
[0170] FIG. 20A is an embodiment of an assembly
2000 for a contact start plasma arc torch. The assembly
includes an electrode 2004, a hollow body 2008, a resil-
ient element 2012, a contact element 2014, and a power
contact 2016. The electrode 2004 includes an electrode
body 2020 having a distal end 2024 for housing an emis-
sive element 2028. The electrode body 2020 can include
a set of spiral-shaped grooves 2036 for directing gas flow
or facilitating cooling of the assembly 2000. The electrode
2004 can move along a longitudinal axis A when the as-
sembly 2000 is installed within a torch, for example, to
slidably engage an interior surface 2040 of the hollow
body 2008. The hollow body 2008 includes a front portion
2044 and a rear portion 2048. In one embodiment, the
front portion 2044 of the hollow body 2008 can include a
swirl ring, which has one or more holes 2052 extending
from an exterior surface 2056 to the interior surface 2040.
The holes 2052 can impart a swirling motion relative to
the axis A to a gas flowing through the holes 2052 and
the assembly 2000. The swirl ring can be integrally
formed with the hollow body 2008. The hollow body 2008
can also be an integrally formed portion of a plasma arc
torch. In some embodiments, the interior surface 2040
of the hollow body 2008 is fabricated from or coated with
an insulating material.
[0171] As shown, the hollow body 2008 includes a
shoulder 2072 disposed relative to the interior surface
2040 to restrain the radial movement of the contact ele-
ment 2014 within the hollow body 2008. The contact el-
ement 2014 includes a surface (not shown) in electrical
communication with the power contact 2016. The contact
element 2014 can also include a portion 2094 that ex-

tends axially along axis A. The portion 2094 can extend
below the shoulder 2072 in the distal direction to facilitate
electrical communication with the portion 2060 of the
electrode body 2020. Specifically, the portion 2094 de-
fines a first surface 2096 for physical contact with a prox-
imal surface (not shown) of the resilient element 2012
and a second surface 2098 for physical contact with a
second surface 2062 of the portion 2060 of the electrode
body 2020. In addition to the second surface 2062, the
portion 2060 includes a first surface 2088 for physical
contact with a distal surface (not shown) of the resilient
element 2012. The resilient element 2012 is thus retained
inside of the hollow body 2008 between the contact ele-
ment 2014 and the electrode 2004. In some embodi-
ments, the resilient element 2012 is secured to the hollow
body 2008 by a diametral interference fit. The resilient
element 2012 is configured to impart a separation force
upon the electrode 2004 and bias the electrode 2004
toward the distal end 2024. The electrode 2004 is hin-
dered from being ejected from the torch by a nozzle (not
shown). The nozzle is secured to the torch so that the
portion 2060 is in physical contact with the resilient ele-
ment 2012. For example, installing the nozzle positions
the surface 2088 of the electrode 2004 in physical contact
with the distal surface of the resilient element 2012 such
that when the nozzle is installed, the resilient element
2012 is compressed.
[0172] The power contact 2016 is in electrical commu-
nication with a power supply (not shown). During pilot
arc initiation, the power supply provides a pilot arc current
to the power contact 2016 and the current is then passed
to the contact element 2014. In some embodiments, the
resilient element 2012 is conductive, in which case the
pilot arc current passes from the contact element 2014
through the resilient element 2012 to the surface 2088
of the electrode 2004. In other embodiments, the resilient
element 2012 is not conductive. In these cases, any one
of the means described above with reference to FIGS.
12-14 can be employed to conduct the pilot arc current
from the contact element 2014 to the electrode 2004. A
plasma gas (not shown) flows about the electrode 2004
during pilot arc initiation, and the plasma gas increases
fluid pressure on the electrode 2004. The pressure
moves the electrode 2004 axially toward the contact el-
ement 2014 by overcoming the separation force exerted
by the resilient element 2012. The resulting physical sep-
aration between the electrode 2004 and the nozzle initi-
ates a pilot arc in a plasma chamber (not shown), which
is defined by the nozzle and the electrode 2004. More
specifically, pressure moves the second surface 2062 of
the electrode 2004 into physical contact with the second
surface 2098 of the contact element 2014 for transferred
arc operation. In some embodiments, the contact ele-
ment 2014 is stationary within the hollow body 2008.
[0173] During transferred arc operation, a transferred
arc current flows from the power supply to the contact
element 2014. In some embodiments, current flows from
the contact element 2014 to the electrode 2004 via the
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physical contact between the surface 2098 of the portion
2094 and the surface 2062 of the portion 2060. In other
embodiments, current flows from the contact element
2014 to the electrode 2004 via other means explained
above with reference to FIGS. 12-14. Gas pressure is
increased during transferred arc operation as current is
increased to establish a cutting arc for processing a work-
piece (not shown).
[0174] FIG. 20B is an exploded perspective view of the
assembly 2000 of FIG. 20A, with a portion of the hollow
body 2008 cut away. The view of FIG. 20B illustrates the
electrode 2004, the resilient element 2012, the hollow
body 2008, the contact element 2014 and the power con-
tact 2016 in an unassembled configuration before instal-
lation into a contact start plasma arc torch (not shown).
During assembly, the contact element 2014 is inserted
axially into the hollow body 2008 until it is restrained by
proximal surface of the shoulder 2072 of the hollow body
2008. The resilient element 2012 is inserted into the hol-
low body 2008, until a proximal surface 2099 of the re-
silient element 2012 contacts the surface 2096 the con-
tact element 2014 within the hollow body 2008. The elec-
trode 2004 slideably engages the hollow body 2008 such
that no threads are needed to assemble the electrode
2004 with the hollow body 2008. The electrode 2004 is
adapted to contact a distal surface 2097 of the resilient
element 2012 within the hollow body. In some embodi-
ments, the resilient element 2012 is connected to or in-
tegrally formed with the contact element 2014 prior to
assembly. In some embodiments, the resilient element
2012 is integrally formed with or connected to the elec-
trode 2004 prior to assembly.
[0175] In some embodiments, at least one of the hollow
body 2008, the power contact 2016, the contact element
2014, the resilient element 2012 and the electrode 2004
is a consumable component of a plasma arc torch. In
other embodiments, one or more of the body 2008, the
power contact 2016, the contact element 2014 and the
resilient element 2012 are incorporated into a single con-
sumable component of the plasma arc torch.
[0176] FIG. 21A shows a cross-sectional partial per-
spective view of another assembly 2100 of a contact start
plasma arc torch according to an embodiment of the in-
vention. The assembly shown includes an electrode
2104, a hollow body 2108, a resilient element 2112, a
first contact element 2114, a second contact element
2115 and a power contact 2116. The electrode 2104 and
the hollow body 2108 can be substantially the same as
the electrode 2014 and the hollow body 2008 of FIG.
20A, respectively. The second contact element 2115 can
be made from a relatively hard and electrically conductive
material such as stainless steel, chromium copper, nick-
el, or beryllium copper. The second contact element 2115
can be fabricated from the same or different material as
the first contact element 2114. This assembly is advan-
tageous because the resilient element 2112 is confined
in a specific region of the assembly while it biases various
components of the torch into contact with and away from

each other as appropriate.
[0177] More specifically, the hollow body 2108 in-
cludes a first shoulder 2172 disposed relative to the in-
terior surface 2140 of the hollow body 2108 to restrain
the radial movement of the first contact element 2114
within the hollow body 2108. The hollow body 2108 also
includes a second shoulder 2173 disposed relative to the
interior surface 2140 to retrain the radial movement of
the second contact element 2115 toward the distal end
2124. The first contact element 2114 includes a surface
(not shown) in electrical communication with the power
contact 2116. The first contact element 2114 also in-
cludes a portion 2194 that extends axially along axis A.
The portion 2194 can extend below the first shoulder
2172 in the distal direction 2124. The portion 2194 de-
fines a first surface 2196 for physical contact with a prox-
imal surface (not shown) of the resilient element 2112
and a second surface 2198 for physical contact with a
second surface 2162 of the second contact element
2115. In addition to the second surface 2162, the second
contact element 2115 includes a first surface 2188 for
physical contact with a distal surface (not shown) of the
resilient element 2112. The second contact element 2115
further includes a third surface (not shown) opposite of
the first surface 2188 for physical contact and electrical
communication with a portion 2160 of the electrode 2104.
The resilient element 2112 is thus retained inside of the
hollow body 2108 between the first contact element 2114
and the second contact element 2115. In some embod-
iments, the resilient element 2112 is secured to the hollow
body 2108 by a diametral interference fit.
[0178] The resilient element 2112 is configured to im-
part a separation force on the second contact element
2115 and urge the second contact element 2115 in the
distal direction, which urges the electrode 2114 toward
the distal end 2124. The second contact element 2115
is hindered from being ejected from the torch by the
shoulder 2173 and the electrode 2104 is hindered from
being ejected from the torch by a nozzle (not shown).
The nozzle is secured to the torch so that the portion
2160 of the electrode 2104 is in physical contact with the
second contact element 2115, which contacts the resil-
ient element 2012. For example, installing the nozzle po-
sitions the portion 2160 in physical contact with the sec-
ond resilient element 2115 such that when the nozzle is
installed, the resilient element 2012 is compressed by
the second contact element 2115.
[0179] The power contact 2116 is in electrical commu-
nication with a power supply (not shown). During pilot
arc initiation, the power supply provides a pilot arc current
to the power contact 2116 and the current is passed to
the first contact element 2114. In some embodiments,
the resilient element 2112 is conductive, in which case
the pilot arc current passes from the first contact element
2114 through the resilient element 2112 to the second
contact element 2115, which passes the current to the
electrode 2104. In some embodiments, the resilient ele-
ment 2112 is not conductive. In these cases, any one of
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the means described above with reference to FIGS.
12-14 can be employed to conduct the pilot arc current
from the first contact element 2114 to the electrode 2104
via the second contact element 2115. A plasma gas (not
shown) flows about the electrode 2104 during pilot arc
initiation, and the plasma gas increases fluid pressure
on the electrode 2104. The pressure moves the electrode
2104 axially backward, which translates the second con-
tact element 2115 toward the first contact element 2114
by overcoming the force exerted by the resilient element
2112. The resulting physical separation between the
electrode 2104 and the nozzle generates a pilot arc in a
plasma chamber (not shown) formed between the nozzle
and the electrode 2104. Specifically, pressure moves the
electrode 2104 into physical contact with the second con-
tact element 2115, which is urged by the portion 2160 of
the electrode 2104 into physical contact with the first con-
tact element 2114 for transferred arc operation. In some
embodiments, the first contact element 2114 is stationary
within the hollow body 2108 and the second contact el-
ement 2115 is translatable relative to the first contact
element 2114 between the first shoulder 2172 and the
second shoulder 2173.
[0180] During transferred arc operation, a transferred
arc current flows from the power supply to the first contact
element 2114. In some embodiments, current flows from
the first contact element 2114 to the second contact el-
ement 2115 via a current path created when the surface
2198 of the first contact element 2114 contacts the sur-
face 2162 of the second contact element 2115. This cur-
rent is then passed from the second contact element
2115 to the electrode 2104. In some embodiments, cur-
rent flows from the contact element 2014 to the electrode
2004 via other means explained above with reference to
FIGS. 12-14. Gas pressure is increased during trans-
ferred arc operation to form a plasma jet for processing
a workpiece (not shown).
[0181] FIG. 21B is an exploded perspective view of the
assembly 2100 of FIG. 21A, with a portion of the hollow
body 2108 cut away. The view of FIG. 21B illustrates the
electrode 2104, the hollow body 2008, the second con-
tact element 2115, the resilient element 2112, the first
contact element 2114 and the power contact 2016 in an
unassembled configuration before installation into a con-
tact start plasma arc torch (not shown). In some embod-
iments, the second contact element 2115 and the resil-
ient element 2112 are preassembled into the hollow body
2108 between the first shoulder 2172 and the second
shoulder 2173 prior to installation of the remaining com-
ponents.
[0182] In some embodiments, at least one of the hollow
body 2108, the power contact 2116, the first contact el-
ement 2114, the second resilient element 2115, the re-
silient element 2112 and the electrode 2104 is a consum-
able component of a plasma arc torch. In other embod-
iments, one or more of the hollow body 2108, the power
contact 2116, the first contact element 2114, the second
resilient element 2115 and the resilient element 2112 are

integrated into a single consumable component of the
plasma arc torch.
[0183] While the invention has been particularly shown
and described with reference to specific embodiments,
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 scope of the invention as de-
fined by the appended claims. For example, while some
surfaces have been depicted as planar, surfaces having
other, non-planar geometries, such as, spherical, hemi-
spherical, conical, and/or cylindrical geometries may be
used without departing from the the scope of the inven-
tion.
[0184] It should also be understood that various as-
pects and embodiments of the invention can be com-
bined in various ways. For example, FIG. 12 can be com-
bined with the electrode of FIG. 3A and FIG. 13 can be
combined with the assembly of FIG. 20A. Based on the
teachings of this specification, a person of ordinary skill
in the art can readily determine how to combine these
various embodiments.

Claims

1. A component for a contact start plasma arc torch,
the component comprising:

a hollow body (2108) defining a channel with a
longitudinal axis, the channel capable of slide-
ably receiving an electrode body (2104) along
the longitudinal axis;
a first contact element (2114) disposed in the
hollow body (2108) and including a first surface
(2196) and a second surface (2198); and
characterized in that the component further
comprises a second contact element (2115) dis-
posed in the hollow body (2108) and including
a first surface (2188), a second surface (2162)
and a third surface opposite of the first surface
(2188), the second surface (2162) physically
contacting the second surface (2198) of the first
contact element (2114) and the third surface
physically contacting a surface of the electrode
body (2104) when the plasma arc torch is oper-
ated in a transferred arc mode.

2. The component of claim 1, wherein one or more of
the following applies,

(a) the first contact element (2114) is stationary;
(b) the supplemental contact element (2115) is
translatable relative to the first contact element
(2114);
(c) an interior surface of the channel comprises
an insulating material; or
(d) the component further comprises a power
contact in electrical communication with a power
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supply and the first contact element (2114).

3. The component of claim 1 wherein the component
further comprises a swirl ring portion defining an ex-
terior portion, an interior portion and one or more
holes passing from the exterior portion to the interior
portion for imparting a swirling motion to a fluid.

4. The component of claim 3, wherein the swirl ring
portion is formed integrally with the hollow body
(2108).

5. The component of claim 1, wherein the component
further comprises a resilient element disposed be-
tween the second surface (2198) of the first contact
element (2114) and the second surface (2162) of the
second contact element (2115) in the channel,
wherein the resilient element is configured to impart
a separation force upon the second contact element
(2115)

6. The component of claim 5, wherein the resilient el-
ement is secured to the channel by a diametral in-
terference fit.

7. The component of claim 5, wherein the resilient el-
ement is coupled to at least one of the first contact
element (2114) or the second contact element
(2115).

8. A method of operating a contact start plasma arc
torch, the method comprising:

slideably receiving an electrode body (2104) in
a channel along a longitudinal axis, the channel
being defined by a hollow body (2108) of a com-
ponent for the plasma arc torch;
facilitating electrical communication between a
power supply and a surface of a first contact
element (2114) disposed within said channel;
and
characterized in that the method includes fa-
cilitating, when the plasma arc torch is operated
in a transferred arc mode, i) physical contact be-
tween a second surface (2198) of the first con-
tact element (2114) and a second surface (2162)
of a second contact element (2115) disposed
within said channel, and ii) physical contact be-
tween a third surface of said second contact el-
ement (2115) and a surface of the electrode
body (2104).

9. The method of claim 8, wherein the method further
comprises imparting a swirling motion to a fluid in
the component by passing the fluid over one or more
holes from an exterior surface to an interior surface
of the component.

10. The method of claim 8, wherein the method further
comprises imparting a separation force upon the
second contact element (2115) via a resilient ele-
ment disposed between the second surface (2198)
of the first contact element (2114) and the second
surface (2162) of said second contact element
(2115).

11. The method of claim 10, wherein the method further
comprises attaching the resilient element to at least
one of the first contact element (2114) or the second
contact element (2115).

12. The method of claim 8, wherein the method further
comprises translating the second contact element
(2115) relative to the first contact element (2114) dur-
ing the transferred arc mode.

13. The method of claim 8, wherein the method further
comprises insulating an interior surface of the chan-
nel.

14. The method of claim 8, wherein the method further
comprises facilitating electrical communication be-
tween a power contact and the first contact element
(2114), wherein the power contact is in electrical
communication with the power supply.

Patentansprüche

1. Komponente für einen Kontaktzündungsplasmali-
chtbogenbrenner, wobei die Komponente Folgen-
des umfasst:

einen hohlen Körper (2108), der einen Kanal mit
einer Längsachse definiert, wobei der Kanal da-
zu in der Lage ist, einen Elektrodenkörper
(2104) entlang der Längsachse verschiebbar
aufzunehmen;
ein erstes Kontaktelement (2114), das in dem
hohlen Körper (2108) angeordnet ist und das
eine erste Oberfläche (2196) und eine zweite
Oberfläche (2198) beinhaltet; und
dadurch gekennzeichnet, dass die Kompo-
nente ferner ein zweites Kontaktelement (2115)
umfasst, das in dem hohlen Körper (2108) an-
geordnet ist und das eine erste Oberfläche
(2188), eine zweite Oberfläche (2162) und eine
dritte Oberfläche, die der ersten Oberfläche
(2188) gegenüberliegt, beinhaltet, wobei die
zweite Oberfläche (2162) die zweite Oberfläche
(2198) des ersten Kontaktelements (2114) phy-
sisch kontaktiert und die dritte Oberfläche eine
Oberfläche des Elektrodenkörpers (2104) phy-
sisch kontaktiert, wenn der Plasmalichtbogen-
brenner in einem Modus mit offenem Lichtbogen
betrieben wird.
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2. Komponente nach Anspruch 1, wobei wenigstens
eines von Folgendem zutrifft:

(a) das erste Kontaktelement (2114) ist statio-
när;
(b) das Zusatzkontaktelement (2115) ist relativ
zu dem ersten Kontaktelement (2114) ver-
schiebbar;
(c) eine Innenoberfläche des Kanals umfasst ein
Isolationsmaterial; und
(d) die Komponente umfasst ferner einen Leis-
tungskontakt, der sich in elektrischer Kommuni-
kation mit einer Leistungsversorgung und dem
ersten Kontaktelement (2114) befindet.

3. Komponente nach Anspruch 1, wobei die Kompo-
nente ferner einen Wirbelringteil umfasst, der einen
Außenteil, einen Innenteil und ein oder mehrere Lö-
cher definiert, die von dem Außenteil zu dem Innen-
teil hindurchgehen, um einem Fluid eine Wirbelbe-
wegung zu verleihen.

4. Komponente nach Anspruch 3, wobei der Wirbel-
ringteil integral mit dem hohlen Körper (2108) gebil-
det ist.

5. Komponente nach Anspruch 1, wobei die Kompo-
nente ferner ein federndes Element umfasst, das in
dem Kanal zwischen der zweiten Oberfläche (2198)
des ersten Kontaktelements (2114) und der zweiten
Oberfläche (2162) des zweiten Kontaktelements
(2115) angeordnet ist, wobei das federnde Element
dazu konfiguriert ist, eine Separationskraft an das
zweite Kontaktelement (2115) zu übermitteln.

6. Komponente nach Anspruch 5, wobei das federnde
Element durch eine diametrische Übermaßpassung
an dem Kanal befestigt ist.

7. Komponente nach Anspruch 5, wobei das federnde
Element mit dem ersten Kontaktelement (2114)
und/oder dem zweiten Kontaktelement (2115) ge-
koppelt ist.

8. Verfahren zum Betreiben eines Kontaktzündungs-
plasmalichtbogenbrenners, wobei das Verfahren
Folgendes umfasst:

verschiebbares Aufnehmen eines Elektroden-
körpers (2104) in einem Kanal entlang einer
Längsachse, wobei der Kanal durch einen hoh-
len Körper (2108) einer Komponente für den
Plasmalichtbogenbrenner definiert ist;
Ermöglichen einer elektrischen Kommunikation
zwischen einer Leistungsversorgung und einer
Oberfläche eines ersten Kontaktelements
(2114), das innerhalb des Kanals angeordnet
ist; und

dadurch gekennzeichnet, dass das Verfah-
ren, wenn der Plasmalichtbogenbrenner in ei-
nem Modus mit offenem Lichtbogen betrieben
wird, Ermöglichen von Folgendem beinhaltet: i)
physischem Kontakt zwischen einer zweiten
Oberfläche (2198) des ersten Kontaktelements
(2114) und einer zweiten Oberfläche (2162) ei-
nes zweiten Kontaktelements (2115), die inner-
halb des Kanals angeordnet sind, und ii) physi-
schem Kontakt zwischen einer dritten Oberflä-
che des zweiten Kontaktelements (2115) und
einer Oberfläche des Elektrodenkörpers (2104).

9. Verfahren nach Anspruch 8, wobei das Verfahren
ferner Verleihen einer Wirbelbewegung an ein Fluid
in der Komponente umfasst, indem das Fluid über
ein oder mehre Löcher von einer Außenoberfläche
zu einer Innenoberfläche der Komponente geleitet
wird.

10. Verfahren nach Anspruch 8, wobei das Verfahren
ferner Übermitteln einer Separationskraft mittels ei-
nes federnden Elements, das zwischen der zweiten
Oberfläche (2198) des ersten Kontaktelements
(2114) und der zweiten Oberfläche (2162) des zwei-
ten Kontaktelements (2115) angeordnet ist, an das
zweite Kontaktelement (2115) umfasst.

11. Verfahren nach Anspruch 10, wobei das Verfahren
ferner Anbringen des federnden Elements an das
erste Kontaktelement (2114) und/oder das zweite
Kontaktelement (2115) umfasst.

12. Verfahren nach Anspruch 8, wobei das Verfahren
ferner Verschieben des zweiten Kontaktelements
(2115) relativ zu dem ersten Kontaktelement (2114)
während des Modus mit offenem Lichtbogen um-
fasst.

13. Verfahren nach Anspruch 8, wobei das Verfahren
ferner Isolieren einer Innenoberfläche des Kanals
umfasst.

14. Verfahren nach Anspruch 8, wobei das Verfahren
ferner Ermöglichen einer elektrischen Kommunika-
tion zwischen einem Leistungskontakt und dem ers-
ten Kontaktelement (2114) umfasst, wobei der Leis-
tungskontakt sich in elektrischer Kommunikation mit
der Leistungsversorgung befindet.

Revendications

1. Composant pour chalumeau à arc et plasma démar-
rant par contact, le composant comprenant :

un corps creux (2108) qui définit un canal doté
d’un axe longitudinal, le canal pouvant loger un
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corps d’électrode (2104) apte à coulisser le long
de l’axe longitudinal,
un premier élément de contact (2114) disposé
dans le corps creux (2108) et comprenant une
première surface (2196) et une deuxième sur-
face (2198), caractérisé en ce que
le composant comprend en outre un deuxième
élément de contact (2115) disposé dans le corps
creux (2108) et comprenant une première sur-
face (2188), une deuxième surface (2162) et
une troisième surface située face à la première
surface (2188), la deuxième surface (2162)
étant en contact physique à avec la deuxième
surface (2198) du premier élément de contact
(2114), et la troisième surface étant physique-
ment en contact avec une surface du corps
d’électrode (2104) lorsque le chalumeau à arc
et plasma fonctionne en mode de transfert d’arc.

2. Composant selon la revendication 1, dans lequel :

(a) le premier élément de contact (2114) est sta-
tionnaire,
(b) l’élément supplémentaire de contact (2115)
peut être translaté par rapport au premier élé-
ment de contact (2114),
(c) une surface intérieure du canal comprend un
matériau isolant et/ou
(d) le composant comprend en outre un contact
d’alimentation en énergie en communication
électrique avec une alimentation en énergie et
le premier élément de contact (2114).

3. Composant selon la revendication 1, dans lequel le
composant comprend en outre une partie annulaire
de tourbillonnage qui définit une partie extérieure,
une partie intérieure et un ou plusieurs trous qui pas-
sent de la partie extérieure à la partie intérieure, en
vue de conférer un déplacement de tourbillonnage
à un fluide.

4. Composant selon la revendication 3, dans lequel la
partie annulaire de tourbillonnage est formée d’un
seul tenant avec le corps creux (2108).

5. Composant selon la revendication 1, dans lequel le
composant comprend en outre un élément élastique
disposé dans le canal entre la deuxième surface
(2198) du premier élément de contact (2114) et la
deuxième surface (2162) du deuxième élément de
contact (2115), l’élément élastique étant configuré
pour appliquer une force de séparation sur le deuxiè-
me élément de contact (2115).

6. Composant selon la revendication 5, dans lequel
l’élément élastique est fixé dans le canal par un ajus-
tement diamétral serré.

7. Composant selon la revendication 5, dans lequel
l’élément élastique est raccordé au premier élément
de contact (2114) et/ou au deuxième élément de
contact (2115).

8. Procédé d’utilisation d’un chalumeau à arc et plasma
démarrant par contact, le procédé comprenant les
étapes suivantes :

loger un corps d’électrode (2104) dans un canal
à coulissement le long d’un axe longitudinal, le
canal étant défini par un corps creux (2108) d’un
composant du chalumeau à arc et plasma,
établir une communication électrique entre une
alimentation en énergie et une surface d’un pre-
mier élément de contact (2114) disposé à l’inté-
rieur dudit canal et

caractérisé en ce que le procédé comprend les éta-
pes qui consistent à
permettre, lorsque le chalumeau à arc et plasma est
utilisé en mode d’arc transféré,

i) un contact physique entre une deuxième sur-
face (2198) du premier élément de contact
(2114) et une deuxième surface (2162) d’un
deuxième élément de contact (2115) disposé à
l’intérieur dudit canal, et
ii) un contact physique entre une troisième sur-
face dudit deuxième élément de contact (2115)
et une surface du corps d’électrode (2104).

9. Procédé selon la revendication 8, dans lequel le pro-
cédé comprend en outre l’étape qui consiste à ap-
pliquer un déplacement de tourbillonnage à un fluide
présent dans le composant en faisant passer le fluide
par un ou plusieurs trous depuis une surface exté-
rieure à une surface intérieure du composant.

10. Composant selon la revendication 8, dans lequel le
procédé comprend en outre l’application d’une force
de séparation sur le deuxième élément de contact
(2115) par l’intermédiaire d’un élément élastique dis-
posé entre la deuxième surface (2198) du premier
élément de contact (2114) et la deuxième surface
(2162) dudit deuxième élément de contact (2115).

11. Composant selon la revendication 10, dans lequel
le procédé comprend en outre la fixation de l’élément
élastique au premier élément de contact (2114) et/ou
au deuxième élément de contact (2115).

12. Composant selon la revendication 8, dans lequel le
procédé comprend en outre le déplacement du
deuxième élément de contact (2115) par rapport au
premier élément de contact (2114) pendant le mode
d’arc transféré.
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13. Composant selon la revendication 8, dans lequel le
procédé comporte en outre l’isolation d’une surface
intérieure du canal.

14. Composant selon la revendication 8, dans lequel le
procédé comprend en outre l’établissement d’une
communication électrique entre un contact d’alimen-
tation en énergie et le premier élément de contact
(2114), le contact d’alimentation en énergie étant en
communication électrique avec l’alimentation en
énergie.
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