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CONFIGURING SIGNAL DEVICES IN THERMAL PROCESSING
SYSTEMS

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. Serial No. 14/589,270, filed January 5,
2015, and titled " Identifying Components in a Material Processing System," is a continuation-
in-part of U.S. Serial No. 14/135,714, filed December 20, 2013, and titled "Identifying Liquid Jet
Cutting System Components,” is a continuation-in-part of U.S. Serial No. 13/838,919, filed
March 15, 2013 and titled "Systems, Methods, and Devices for Transmitting Information to
Thermal Processing Systems," is a continuation-in-part of U.S. Serial No. 13/560,059, filed July
27,2012 and titled "Optimization and Control of Material Processing Using a Thermal
Processing Torch," and is a continuation-in-part of U.S. Serial No. 13/439,259, filed April 4,
2012 and titled "Optimization and Control of Material Processing Using a Thermal Processing
Torch." The contents of all of these applications are hereby incorporated herein by reference in
their entirety. This application also claims the benefit of and priority to U.S. Provisional Patent
Application No. 62/028,065, filed July 23, 2014, the contents of which are hereby incorporated

herein in their entirety.

TECHNICAL FIELD

This technology relates generally to thermal processing systems (e.g., plasma arc torch
systems), and more specifically to configuring signal devices in thermal processing systems and

related systems and methods.

BACKGROUND

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

Typically, a plasma arc torch includes multiple consumables. Each consumable can be

selected to achieve optimal performance (e.g., an optimal current level, maximum lifespan, etc.)
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in view of specific processing constraints, such as the type of material being cut and/or the cut
shape desired. Installing incorrect consumables into a torch can result in poor cut quality and
decreased cut speed. In addition, incorrect consumables can reduce consumable life and lead to
premature consumable failure. Even when correct consumables are installed in a torch, it can be
difficult for an operator to manually configure and optimize torch operating parameters
corresponding to the selected consumable set. Moreover, it can be difficult for a torch
component manufacturer to guarantee performance if aftermarket consumables are used in a

torch system.

SUMMARY

Thus, systems and methods are needed to detect consumables installed in a plasma arc
torch (e.g., detect incompatible consumables installed in a plasma arc torch). In addition,
systems and methods are needed to automatically adjust torch operating parameters to enhance
cutting quality and prolong consumable life. Specifically, systems and methods are needed to
efficiently convey information among various components of a torch system to facilitate
operation control and optimization.

In addition to signal devices (e.g., data storage devices) arranged on the consumables to
identify the consumables installed in the plasma arc torch, signal devices arranged in or on the
consumables, as discussed below, can also be used to transfer information (e.g., information
relating to torch system operation (e.g., operating data/parameters)) to the torch system by
communicating with a receiver (e.g., a data reading device (e.g., an RFID reading device))
disposed in the torch.

In some aspects, a consumable for a material processing head for consistent orienting and
positioning a ring-shaped data tag within a material processing head, the consumable
comprising: a body that is substantially axially symmetric about a central longitudinal axis; and
the ring-shaped data tag attached to the body, the data tag having a central axis that is
substantially coaxial to the central longitudinal axis of the body, the data tag comprising a
conductive coil formed around the central axis of the data tag.

In some aspects, a replaceable consumable component for a material processing head for
consistently orienting and positioning a ring-shaped RFID tag within the material processing
head can include a body defining a longitudinal axis and comprising a transmission region that
conveys at least one of: a current, liquid, coolant, gas, light beam, or cutting medium through the
body; and the ring-shaped RFID tag defining a central opening, the tag being coaxially disposed

relative to the longitudinal axis of the body such that the at least one of: the current, liquid,
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coolant, gas, light beam, or cutting medium conveyed by the transmission passes through the
central opening of the RFID tag.

The shape of the conductive coil (e.g., around the central axis of the consumable) can be
useful to improve communications with a corresponding data tag reader and, in some cases, to
limit adverse impacts of the communication system on the material processing head’s
functionality. For example, ring-shaped conductive coils formed around the consumables central
axis can help better align the resulting magnetic flux, generated by current in the coil, with an
operating current traveling through the consumable. Such alignment can reduce the likelihood of
communication interference or operating current issues.

Embodiments can include one or more of the following features.

The conductive coil and/or the ring-shaped data tag can be symmetric about the central
longitudinal axis.

The consumable can include a chip containing data. The chip can have at least 256 bits
of data storage space.

The conductive coil can include two or more conductor turns about the central
longitudinal axis. The conductive coil can include a conductive material. For example, the
conductive coil can include a printed circuit. The conductive coil can be formed substantially
symmetrical around the central axis. The conductive coil can encircle the central axis.

The consumable can include a consumable cartridge comprising two or more component
bodies. For example, the two or more component bodies can include at least a nozzle and an
electrode.

The RFID tag can be disposed perpendicularly to a central axis of the consumable. The
RFID tag can include a conductive coil formed around the central opening. The conductive coil
can have a single turn of a conductive material. The conductive coil can include multiple turns
of a conductive material. The conductive coil can be a printed circuit. The conductive coil can
be disposed perpendicularly to the transmission region. The conductive coil can be formed
substantially symmetrical around the central axis. In some cases, a housing of the RFID tag can
be rotationally asymmetrically shaped.

The RFID tag can include a chip having memory. The chip can include data. For

example, the chip can have at least 256 bits of storage space.

In some aspects, a method for reducing communication interference of an RFID
communication system in a material processing torch having a consumable component disposed
therein by providing for consistent orienting and positioning a ring-shaped RFID tag within the

torch, the torch conducting an operating current along a central axis thereof, can include
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providing the ring-shaped RFID tag, coaxially disposed relative to the consumable component,
the tag defining an open central portion and has a conductive coil disposed substantially around
the open central portion; positioning the consumable component within the torch such that the
central axis of the consumable component is coaxial with the open central portion of the RFID
tag; passing a current along a portion of the central axis of the torch that extends through the
ring-shaped RFID tag; and generating, by a reader antenna coil within the torch, a tag current
through the conductive coil, the tag current encircling a portion of the central axis of the torch.

Embodiments can include one or more of the following features.

Methods can also include providing an antenna in the torch for inducing a current in the
RFID tag. Methods can also include communicating with the RFID tag. Methods can also
include inserting a second RFID tag having a second conductive coil within the torch, wherein
the second conductive coil is substantially parallel to the conductive coil of the first tag.

Generating the tag current can include generating current along a substantially circular
path. The substantially circular path can be formed substantially symmetrically about the central
axis. Communicating with the RFID tag can include reading and writing information to the
RFID tag. Reader antenna within the torch can include a coil coaxially aligned with the central
axis of the torch.

In some aspects, a consumable for consistent orienting and positioning a ring-shaped
RFID tag within a material processing head can include a body; and a ring-shaped RFID tag
coupled to the body, the RFID tag defining a central axis and comprising: a coiled antenna
encircling the central axis of the RFID tag for transmitting data from the RFID tag, and a chip in
communication with the coil, the chip having a storage capacity of at least 60 bits of data.

Embodiments can include one or more of the following features.

The storage capacity of the chip can be between about 256 bits and about 900 bits.

Data stored on the chip can be divided into two or more segments. A first segment of the
data can be locked and a second segment of the data can be unlocked. Two or more segments
can be locked independently of one another. Two or more segments can be locked at different
times. A first segment of the data can include consumable identification data and a second
segment of the data can include data pertaining to the operation of the consumable.

In some aspects, a material processing head for reducing communication interference
between data tags and an antenna can include a body; the antenna disposed within the body; a
first tag, associated with a first consumable component, disposed within a flux communication
zone of the body at a first distance from the antenna, the first tag having a first resonant
frequency; and a second tag, associated with a second consumable component, disposed within

the flux communication zone of the body at a second distance from the antenna, the second tag
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having a second resonant frequency that is different than the first resonant frequency, wherein
the first and second resonant frequencies are tuned based upon at least one of: 1) a difference
between the first distance and the second distance; or i) a characteristic (e.g., shape) of the flux
communication zone in which the first tag and/or the second tag is disposed.

Embodiments can include one or more of the following features.

The second distance can be greater than the first distance. The second tag can absorb
more energy available from the antenna than the first tag. The second resonant frequency can be
closer in frequency to a broadcast frequency than the broadcast frequency. The first tag can
include a first coil having a first number of turns and the second tag can include a second coil
having a second number of turns, the second number of turns being greater than the first number
of turns. The first distance and the second distance can each be between Imm and 6mm. At
least one of the first tag or the second tag can be configured to resonate at about 1I3MHz. At
least one of the first consumable component or the second consumable component can be
removably coupled to the material processing head.

In some aspects, a method of facilitating communication, and reducing communication
interference, between an RFID tag reader of a material processing head of a material processing
system and two or more RFID tags associated consumable components disposed within the
material processing head can include positioning a first RFID tag attached to a first consumable
component within the material processing head at a first distance from the RFID tag reader, the
first RFID tag having a first resonant frequency; positioning a second RFID tag attached to a
second consumable component within the material processing head at a second distance from the
RFID tag reader that is greater than the first distance, the second RFID tag having a second
resonant frequency; broadcasting a reader frequency from the RFID tag reader to the first and
second RFID tags, the reader frequency being closer to the second resonant frequency than to the
first resonant frequency.

Embodiments can include one or more of the following features.

Methods can also include tuning at least one of: the first resonant frequency or the second
resonant frequency. Tuning the at least one of: the first resonant frequency or the second
resonant frequency can include 1) selecting a number of turns of a conductive antenna coil within
the first RFID tag or the second RFID tag; ii) selecting a diameter of the coil of the first RFID
tag that is different than the diameter of the coil of the second RFID tag; or iii) selecting an IC
capacitor for the first RFID tag that has a different capacitance than the capacitor of the second
RFID tag.

The second RFID tag can absorb more energy available to it from the antenna. The first

resonant frequency can deviate more from the broadcast frequency than does the second resonant
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frequency. The first RFID tag can include a first coil having a first number of turns and the
second RFID tag can include a second coil having a second number of turns, the second number
of turns being greater than the first number of turns. At least one of the first consumable
component or the second consumable component can be removably coupled to the material
processing head.

In some aspects, a material processing head having a consumable component with a ring-
shaped RFID tag, for reducing communication interference between the ring-shaped RFID tag
and an antenna can include a processing head body; the antenna located on or within the body; a
consumable removably installed in the processing head body; and a ring-shaped RFID tag
associated with the consumable and located adjacent a substantially metallic component, wherein
the tag: a) is removable from the processing head body, b) comprises a conductive coil that can
be energized by the antenna, and c¢) is located within a flux communication zone defined by at
least one of: (a) a region unobstructed by magnetic field inhibiting materials between the antenna
and the tag, or (b) the presence of a magnetic field amplifier.

Embodiments can include one or more of the following features.

The flux communication zone can be a toroidal shape. The flux communication zone can
include an unobstructed flux path between the RFID tag and the antenna.

The material processing head further comprises a second tag and a consumable within the
flux communication zone.

A distance between the RFID tag and the antenna can be between Imm and 6mm. The
RFID tag can resonate at about 13MHz. The region unobstructed by magnetic field inhibiting
materials can include a region absent of magnetic field inhibiting material. The magnetic field
amplifier can include a ferrite material. The ferrite material can include a flux tape material or a
ferrite coating.

In some aspects, a method for improving RFID communication, and reducing
communication interference, between a data tag of a consumable component of a material
processing system and a data tag reader of a material processing head of the material processing
system can include establishing a flux communication zone in a region of the material processing
head adjacent a site for an antenna coil of the data tag reader by at least one of: reducing a
volume of magnetic field inhibiting materials in the region adjacent the site for the antenna coil;
or disposing a magnetic field amplifying materials along one or more surfaces of the magnetic
field inhibiting materials in the region surrounding the site for the antenna coil, the flux
communication zone reorienting a magnetic field produced by the antenna coil disposed in the
site to be substantially toroidal about the antenna coil.

Embodiments can include one or more of the following features.
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Methods can also include disposing the consumable component into the material
processing head to position a conductive coil of the data tag within the reoriented magnetic field
of the flux communication zone. The flux communication can define flux path between the
conductive coil of the data tag and the antenna coil of the data tag reader. Methods can also
include disposing a second consumable component having a second data tag into the material
processing head to position a second conductive coil of the second data tag within the reoriented
magnetic field of the flux communication zone. Decreasing the volume of magnetic field
inhibiting materials in the region adjacent the site for the antenna coil can include removing
metal from the material processing head adjacent the site for the antenna coil. Decreasing the
volume of magnetic field inhibiting materials in the region adjacent the site for the antenna coil
can include replacing at portion of the magnetic field inhibiting materials in the region adjacent
the site for the antenna coil with non-conductive materials. Magnetic field amplifiers can
include a ferrite material. Ferrite materials can include a flux tape material.

Unless explicitly described herein or inconsistent with the claims, the example
embodiments of the systems and methods described above can generally be implemented and
practiced individually, as well as in combination with one another. For example, in some
embodiments, the methods described herein may optionally be carried out with one or more of
the systems or devices described herein. Similarly, in some embodiments, various devices
described herein can include one or more of the features or aspects of other devices described
herein.

In some aspects, a replaceable consumable component for performing a cutting or
welding operation can includes a body; and a readable data storage device coupled to the body or
integrated within the body, wherein the data storage device contains an operation instruction for
a cutting or welding device.

In some aspects, a torch for a cutting or welding process coupled to a controller of a
thermal processing system can include a replaceable consumable component; a readable data
storage device located in or on the replaceable consumable component; a data reading device in
or on the torch for reading the data storage device; and a data transfer mechanism enabling
communication between the data reading device and the controller, wherein the data storage
device contains data for the operation of the thermal processing system.

In some aspects, a torch for a cutting or welding process, coupled to a controller, can
include a receptacle within the torch, the torch being configured to receive a replacement
consumable component; a data reading device in or on the torch; and a data transfer mechanism

providing communication capabilities between the torch and the controller.
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In some aspects, a method for at least partially controlling a process of a cutting or
welding system can include providing a consumable having a data tag containing operating
parameters (e.g., which can include a cutting program); assembling the consumable into a tool of
the cutting or welding system; communicating the operating parameters to a control device of the
tool; and controlling the cutting or welding process in accordance with operating parameters.

Embodiments can include one or more of the following features.

In some embodiments, the operation instruction comprises a cutting program. For
example, the cutting program can include a current or gas ramping profile, torch system setup
values, a workpiece cutting application.

In some embodiments, the operation instruction includes a firmware update.

In some embodiments, the replaceable consumable component comprises a component of
a thermal processing torch. For example, the consumable component can include a nozzle, a
shield, or an electrode.

In some embodiments, the readable data storage device includes an RFID tag. In some
embodiments, the readable data storage device is also rewritable. In some cases, the data transfer
mechanism comprises a wireless connection. In some cases, the readable data storage device is
rewriteable.

In some embodiments, the readable data storage device is writable while in service and/or
while disposed within the torch.

In some embodiments, the data includes a cutting program. In some embodiments, the
data is configured to produce an altered performance characteristic of the thermal processing
system. For example, the altered performance characteristic can include a better cut quality
capability relative to an original cutting capability that would be possible using a substantially
similar replaceable consumable component that does not transfer the data. The data can also
include a firmware update for the thermal processing system.

In some embodiments, the data reading device can include an RFID reading device. In
some cases, the data reading device is configured to communicate with a data storage device in
or on a consumable component disposed in the torch. In some cases, the data reading device is
also a data writing device configured to write data to the data storage device.

In some aspects, a method for providing operating data to a cutting or welding system
using a replaceable consumable component comprising a readable data storage device can
include facilitating communication between the readable data storage device and a data reading
device of the cutting or welding system; and transferring operating data at least partially defining
the operating parameter from the readable data storage device to the data reading device, the

operating data being configured to affect an operation of the cutting or welding system.
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In some embodiments, the readable data storage device comprises a first readable data
storage device of a first replaceable consumable component and the data reading device
comprises at least one data reading device of the cutting or welding system; and the operating
data comprises a first set of operating data from the first readable data storage device, further
comprising: facilitating communication between a second readable data storage device of a
second replaceable consumable component and one of the at least one data reading devices of the
cutting or welding system; and transferring a second set of operating data from the second
readable data storage device to one of the at least one data reading devices, the second set of
operating data being configured to adjust the operation of the cutting or welding system. In
some cases, the first replaceable consumable component includes an electrode component and
the second replaceable consumable component includes a nozzle component. In some cases, a
combination of the first set of operating data and second set of operating data are required to
fully operate the cutting or welding system.

In some embodiments, the replaceable consumable component is a first consumable
component and the cutting or welding system is further configured to identify a second
consumable component based on physical features of the second consumable component. For
example, identifying the second consumable component based on physical features of the second
consumable component can include measuring a gas flow through the second consumable
component. In some cases, the measuring the gas flow can include: directing a gas flow through
a flow-restriction element associated with the second consumable component disposed within the
cutting or welding system; determining a first pressure of the gas flow at a location upstream
relative to the flow-restriction element; determining a second pressure of the gas flow at a
location downstream from the flow-restriction element; determining a flow rate of the gas flow
passing through the flow-restriction element; and using the first pressure, the second pressure,
and the flow rate to identify the second consumable component. For example, in some cases,
determining the first pressure can include setting the gas flow to a known pressure; and
determining a flow rate can include measuring the flow rate.

In some embodiments, the operating data includes a firmware update for the cutting or
welding system. In some cases, the method also includes determining a firmware version being
used by the cutting or welding system; and comparing the firmware version being used with a
firmware version of the firmware update. In some cases, the firmware update can include a date
code that is used to determine if the firmware update should be transferred to the cutting or
welding system. In some cases, affect includes fully replacing the control software.

In some aspects, a method for storing information on a replaceable consumable

component used in a thermal processing machine while the replaceable consumable component
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1S in an operation configuration can include configuring a rewritable data storage device of the
replaceable consumable component for communication with a data writing device of the thermal
processing machine; and writing the information by the data writing device to the rewritable data
storage device.

In some embodiments, the information can be associated with a previous use (e.g., a
cutting or welding operation) of the replaceable consumable component. For example, the
information can include information relating to a time duration of the previous use of the
replaceable consumable component. The information can include information relating to a
failure or error of a torch, the replaceable consumable component, or the thermal processing
machine. The information can be rewritten while the consumable is operationally installed
within the thermal processing machine. The information can be repeatedly rewritten while in
operation. The information can include information relating to a frequency of use of the thermal
processing machine. The information can include information relating to a number of cutting
cycles for which the replaceable consumable component has been used. The information can
include information relating to operating parameters of the thermal processing machine during
the previous use of the replaceable consumable component.

In some embodiments, the operation configuration can include the thermal processing
machine being in use.

The operating instructions/program can include: (e.g., cutting program, current or gas
ramping profile, firmware updates, set up values of the system, cut cycle or life data, gas flow
rates, gas types, pierce delay time, timing parameter, set points, error conditions, thresholds,
coordination of multiple parameters).

In some embodiments, as a result of transferring the information (e.g., operating data,
instructions, or programs) from the readable storage device to the data reading device, an
operator of the thermal processing machine is not required to manually input as many operating
parameters that would be required if the operating data was not transferred.

The replaceable consumable can include a component of a thermal processing torch (e.g.,
a nozzle, shield, or electrode). The data reading device can be an RFID reading device. The
operating data can include a workpiece cutting application (e.g., a killer app.).

The operating data can be configured to produce an altered performance characteristic of
the thermal processing machine. The altered performance characteristic can include a faster
cutting capability relative to an original cutting capability that would be possible using a
substantially similar replaceable consumable component that does not transfer the operating data.

The signal device (e.g., tag) can be rewriteable (writable while in service and while in the

torch).
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In one aspect, a method is provided for configuring a first thermal processing system and
a second thermal processing system. The method includes providing a first consumable for use
in a first thermal processing torch and a second consumable for use in a second thermal
processing torch. The first consumable and the second consumable have substantially identical
physical characteristics. The first consumable is associated with a first signal device encoded
with first data and the second consumable is associated with a second signal device encoded with
second data. The method includes mounting the first torch with the first consumable in the first
thermal processing system and the second torch with the second consumable in the second
thermal processing system. The method also includes sensing, by the first thermal processing
system, the first data stored in the first signal device and sensing, by the second thermal
processing system, the second data stored in the second signal device. The method further
includes configuring, by the first thermal processing system, a parameter of the first thermal
processing system for operating the first torch based on the sensed first data by assigning a first
value to the parameter. In addition, the method includes configuring, by the second thermal
processing system, the parameter of the second thermal processing system for operating the
second torch based on the sensed second data by assigning a second value to the parameter. The
second value can be different from the first value.

In another aspect, a method is provided for assembling a first thermal processing torch
and a second thermal processing torch. The method includes providing a first consumable with a
first signal device located on or within a body of the first consumable and providing a second
consumable with a second signal device located on or within a body of the second consumable.
The method includes encoding the first signal device with first data associated with the first
consumable. The first data correlates to a first value of a parameter of a first thermal processing
system for operating the first torch. The method further includes encoding the second signal
device with second data associated with the second consumable. The second data correlates to a
second value of the parameter of a second thermal processing system for operating the second
torch. The second value can be different from the first value.

In other examples, any of the aspects above can include one or more of the following
features. In some embodiments, at least one of the first or second data is independent of a
detectable physical characteristic of the corresponding first or second consumable. At least one
of the first or second data can identify a type of the corresponding first or second consumable.
The type of the corresponding consumable can include a nozzle, a shield, an electrode, an inner
retaining cap, an outer retaining cap, a swirl ring or a welding tip. In addition, at least one of the
first or second data can identify a serial number unique to the corresponding first or second

consumable. At least one of the first or second data can transmitted to the corresponding first or
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second thermal processing system as a pneumatic signal, a radio signal, a light signal, a magnetic
signal or a hydraulic signal.

In some embodiments, at least one of the first signal device or the second signal device
comprises a radio-frequency identification (RFID) tag. At least one of the first signal device or
the second signal device can be located on or within a body of the corresponding first or second
consumable. In some embodiments, the first or second signal device is located at a surface of the
body of the corresponding first or second consumable to minimize heat exposure during torch
operation. The surface can be adjacent to a cooling mechanism, remote from a plasma arc, or in
an o-ring channel of the corresponding first or second consumable, or a combination thereof.

In some embodiments, the parameter includes a torch height above a workpiece, a flow
rate of a plasma gas, a flow rate of a shield gas, a timing of plasma gas or current, or a process
program for cutting the workpiece. In some embodiments, the parameter is included in a set of
parameters configurable by at least one of the first or second thermal processing system to
operate at least one of the first torch or second torch. In such a case, the first and second thermal
processing systems can assign a value to each of the set of parameters for operating the
respective first and second torches.

In some embodiments, the method further includes providing a first workpiece and a
second workpiece for processing by the first torch and the second torch, respectively. The first
and second workpieces are at least substantially the same.

In some embodiments, sensing the first data stored in the first signal device further
includes using a signal detector of the first thermal processing system to sense the first data. The
signal detector can be an RFID reader. The signal detector can be located external to the first
torch.

In some embodiments, the first and second thermal processing systems are the same
thermal processing system.

In another aspect, a method is provided for configuring a thermal processing system. The
method includes providing a consumable for use in a thermal processing torch. The consumable
has one or more physical characteristics that facilitate installation into the torch. The method
includes mounting the consumable in the torch, connecting the torch to the thermal processing
system and sensing, by the thermal processing system, data associated with the consumable. The
method further includes configuring, by the thermal processing system, one or more parameters
of the thermal processing system for operating the torch based on whether the sensed data
satisfies a criterion.

In some embodiments, configuring one or more parameters of the thermal processing

system includes preventing the thermal processing system from operating the torch if the data
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does not satisfy the criterion. The data can identify a manufacturer of the consumable that does
not match a permitted manufacturer.

In some embodiments, the data is encoded in a signal device coupled to the consumable.
Sensing can be performed by an RFID reader of the thermal processing system.

In some embodiments, the method further includes preventing configuration of one or
more parameters of the thermal processing system in the absence of any data sensed by the
thermal processing system.

In some aspects, some embodiments may have one or more of the following advantages.
Using the systems and methods described herein that include using thermal processing system
consumable components (¢.g., plasma torch nozzles, shields, retaining caps, or other
consumables) having data storage devices (e.g., readable or rewritable data storage devices)
disposed in or on the consumable components can result in a thermal processing system (e.g., a
cutting or welding system) that is easier to set up, use, and/or troubleshoot. For example, as
discussed herein, data storage devices arranged in or on a consumable component can be used to
provide information (e.g., operating parameters) to the thermal processing system on which the
consumable component is used. In some cases, the information can be transmitted to the thermal
processing system at least semi-automatically (e.g., automatically) upon assembly of the
consumable component into a device of the system (e.g., a torch). As a result of the information
being transmitted to the system, some or all of the operating parameters or instructions needed in
order to operate the machine do not need to be input (e.g., programmed) into the system by an
operator using the thermal processing system. Requiring less input from an operator can result in
a processing system that is easier and less expensive to operate.

In some embodiments, using the systems and methods described herein can enable a
thermal processing system to semi-automatically (or automatically) review and update system
software (e.g., firmware) by transmitting software from the data storage device to the processing
system when the consumable is installed in a device of the processing system (e.g., the torch).
As a result of semi-automated software update capabilities, the systems and methods described
herein typically require less maintenance (e.g., operator-initiated maintenance) and downtime,
which could otherwise be needed to test the thermal processing system and update the software.

Additionally, using the systems and methods described herein to transmit thermal
processing system setup information or operating parameters can enable customized cutting or
welding properties being used for a particular consumable component. For example, as
discussed below, two different structurally similar consumable components can each have a data
storage device, where one of the data storage devices includes operating parameters that are

better-suited to fast, rough cutting processes and the other data storage device includes operating
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parameters that are better-suited for slow cutting processes that produce higher quality cuts.
That is, consumable components can be “pre-loaded” with information (e.g., operating
parameters) that make the consumable preferred for any of various types of cutting performance
characteristics. As a result of tailoring the data storage device for a particular use of the
respective consumable, a consumer (e.g., machine operator) can merely choose a consumable
according to the desired type of cutting or welding to be performed and install the consumable
into the processing system (e.g., into the torch). Therefore, the processing system need not be
fully set up and programmed by the operator, rather the processing system can be automatically
set up upon installation of the consumable into the torch (e.g., when information is transmitted
from the data storage device to the torch).

It should also be understood that various aspects and embodiments of the invention can
be combined in various ways. Based on the teachings of this specification, a person of ordinary
skill in the art can readily determine how to combine these various embodiments. For example,
in some embodiments, any of the aspects above can include one or more of the above features.

One embodiment of the invention can provide all of the above features and advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of an exemplary plasma arc torch.

Fig. 2 is a schematic diagram of an exemplary communication network.

Fig. 3 is a cross-sectional view of an exemplary plasma arc torch illustrating an altered
geometry of various consumable components of the plasma arc torch.

Fig. 4 is a schematic diagram of an exemplary thermal processing system using the
communication network of Fig. 2 to control the operation of a thermal processing torch.

Fig. 5 is a diagram of another exemplary thermal processing system using the
communication network of Fig. 2 to control the operation of a thermal processing torch.

Figs. 6A and 6B are flow charts illustrating exemplary operations of the communication
network of Fig. 2.

Fig. 7 is a schematic diagram of an exemplary torch gas delivery system including flow
detection devices for identifying consumable components installed within a torch of the
exemplary torch system.

Fig. 8 is a cross-sectional view of an exemplary plasma arc torch illustrating geometric
features within the plasma arc torch that can be utilized for identifying consumable components
installed within a torch.

Fig. 9 is a flow chart illustrating an exemplary method for at least partially controlling a

process of a thermal processing system using a data storage device disposed in or on a
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consumable component used by the thermal processing system.

Fig. 10 is a flow chart illustrating another exemplary method for providing information to
a thermal processing system using a data storage device disposed in or on a consumable
component used by the thermal processing system.

Fig. 11 is a flow chart illustrating an exemplary method for storing information from a
thermal processing system to a data storage device disposed in or on a consumable component
used by the thermal processing system.

Fig. 12 is a cross-sectional view of an example thermal processing torch illustrating
various signal devices affixed to various torch components.

Fig. 13 is a perspective view of an example consumable for a material processing head
having a ring-shaped data tag.

Fig. 14 is a perspective cutaway view of an example ring-shaped data tag on a
consumable illustrating a conductive coil around the consumable.

Fig. 15 is a schematic diagram illustrating a current passing through a ring-shaped
conductive coil and a resulting magnetic flux generated therefrom.

Fig 16 is another example of a consumable for a material processing head having a ring-
shaped data tag.

Fig. 17 is a schematic diagram illustrating a conductive coil having a number of turns.

Fig 18 is a cross sectional view of an example material processing head having multiple
data tags in communication with a data tag reading device.

Fig. 19 is a cross sectional view of an example offset magnetic flux field generated from
a data tag reading device.

Fig. 20 is a cross sectional view of an example magnetic flux field generated from a data
tag reading device within a flux communication zone near an absence of magnetic field
inhibiting material.

Fig. 21 is a cross sectional view of an example magnetic flux field generated from a data

tag reading device within a flux communication zone near a magnetic field amplifier.

DETAILED DESCRIPTION
In some aspects, material processing systems (e.g., plasma cutting systems or water-jet
cutting systems) can include consumable components with data tags having conductive coils
formed around their central axes which can improve communication performance and help to
provide for a variety of communication system enhancements.
Fig. 1 is a cross-sectional view of an exemplary plasma arc torch 100 of a thermal

processing system (e.g., a cutting or welding system). The torch 100 typically includes a torch
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body 102 and a torch tip 104. The torch tip 104 includes one or more consumables (e.g.,
replaceable consumable components (e.g., an electrode 105, a nozzle 110, a retaining cap 115, a
swirl ring 120, and a shield 125)) disposed within a receptacle (e.g., a consumable receptacle)
that is configured to receive a replacement consumable. Each of the various consumables
include a body that defines various features that, as discussed herein, can direct fluids (e.g., gas
or liquids) during operation of the torch 100. The torch body 102, which has a generally
cylindrical shape, supports the electrode 105 and the nozzle 110. The nozzle 110 is spaced from
the electrode 105 and has a central exit orifice mounted within the torch body 102. The swirl
ring 120 is mounted to the torch body 102 and has a set of radially offset or canted gas
distribution holes 127 that impart a tangential velocity component to the plasma gas flow,
causing the plasma gas flow to swirl. The shield 125, which also includes an exit orifice, is
connected (e.g., threaded) to the retaining cap 115. The retaining cap 115 as shown is an inner
retaining cap securely connected (e.g., threaded) to the nozzle 110. In some embodiments, an
outer retaining cap (not shown) is secured relative to the shield 125. The torch 100 can
additionally include electrical connections, passages for cooling, passages for arc control fluids
(e.g., plasma gas), and a power supply. In some embodiments, the consumables include a
welding tip, which is a nozzle for passing an ignited welding gas.

In operation, plasma gas flows through a gas inlet tube (not shown) and the gas
distribution holes 127 in the swirl ring 120. From there, the plasma gas flows into a plasma
chamber 128 and out of the torch 100 through the exit orifice of the nozzle 110 and the shield
125. A pilot arc is first generated between the electrode 105 and the nozzle 110. The pilot arc
ionizes the gas passing through the nozzle exit orifice and the shield exit orifice. The arc then
transfers from the nozzle 110 to a workpiece (not shown) for thermally processing (e.g., cutting
or welding) the workpiece. It is noted that the illustrated details of the torch 100, including the
arrangement of the components, the direction of gas and cooling fluid flows, and the electrical
connections, can take a variety of forms.

Different operating processes often require different shield and/or plasma gas flow rates,
which require different sets of consumables. This leads to a variety of consumables being used
in the field. Using the correct consumables and matching them appropriately is necessary to
achieve optimal cutting performance. Consumable mismatch (e.g., using a consumable made for
operation at 65 Amps in a torch that is being operated at 105 Amps) can result in poor
consumable life and/or poor performance of the plasma arc torch.

Fig. 2 shows an exemplary communication network 200 of the present invention. The
communication network 200 includes one or more signal devices (e.g., a readable data storage

device) 202, each assigned to a consumable of a thermal processing torch, such as the plasma arc
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torch 100 of Fig. 1. In some embodiments, the readable data storage device 202 is located on
(e.g., coupled to) the body or located within (e.g., integrated within) the body. Exemplary
consumables include the electrode 105, the nozzle 110, the retaining cap 115, the swirl ring 120,
and the shield 125. In some embodiments, a signal device 202 is an electrically writable device
configured to transmit information about a consumable in the form of one or more signals. For
example, the signal device 202 can be a radio-frequency identification (RFID) tag or card, bar
code label or tag, integrated circuit (IC) plate, or the like. In some embodiments, the readable
data storage device 202 is rewritable. That is, a rewritable data storage device 202 is typically
able to add new data after the initial writing of data (e.g., with or without deleting or overwriting
other data present on the data storage device). In particular, the rewritable data storage device
202 is typically able to have new data written while disposed within the torch 100. In some
embodiments, the readable storage device 202 is rewritable while outside of the torch (e.g.,
during service of the torch or the consumable) or disposed within a torch (e.g., during use of the
torch). In some embodiments, a signal device 202 is a detector (e.g., a sensor) for detecting a
physical characteristic of the consumable and transmitting the detected information in the form
of one or more signals.

The communication network 200 also includes at least one receiver (e.g., a data reading
device arranged in or on the torch) 204 for (i) receiving signals transmitted by the signal devices
202 (e.g., reading the data storage device 202), (i1) extracting data conveyed by the signals, and
(ii1) providing the extracted data to a processor 206 for analysis and further action. In some
embodiments, the data reading device 204 is also a data writing device that is configured to write
data to a rewritable storage device positioned within the torch. The processor (e.g., a controller)
206 can be a digital signal processor (DSP), microprocessor, microcontroller, computer,
computer numeric controller (CNC) machine tool, programmable logic controller (PLC),
application-specific integrated circuit (ASIC), or the like. In some embodiments, the torch 100
also includes a data transfer mechanism enabling communication between the data reading
device 204 and the controller 206. For example, the data transfer mechanism can include a wired
connection or a wireless connection that is configured to transmit data or signals received from
signal device 202 to the controller 206. Alternatively or additionally, the data transfer
mechanism can be configured to transmit data from the controller 206 back to a rewritable data
storage device 202 disposed on a consumable via the data reading device 204.

In some embodiments, each signal device 202 is encoded with information pertaining to
the consumable to which the signal device 202 is assigned. The encoded information can be
generic or fixed information such as the consumable’s name, trademark, manufacturer, serial

number, and/or type. The encoded information, for example, can include a model number to
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generally indicate that the consumable is a nozzle. In some embodiments, the encoded
information is unique to the consumable, such as metal composition of the consumable, weight
of the consumable, date, time and/or location at which the consumable was manufactured,
personnel responsible for the consumable, and the like. As an example, the encoded information
can provide a serial number, which is unique to each torch component manufactured, to
distinguish, for example, nozzle Type A, Serial #1 from nozzle Type A, Serial #2.

In some embodiments, information is encoded to a signal device 202 at the time of
manufacture of the corresponding consumable. Information can also be encoded to a signal
device 202 during the lifetime of the consumable, such as after each consumable use. Such
information can include the date, time and location of consumable use, any abnormalities
detected during use, and/or consumable conditions after use so that a log can be created to
predict a failure event or end-of-life event associated with the consumable.

In some embodiments, the information encoded to a signal device 202 can also specify
operating parameters (¢.g., operation instructions or operating data). For example, for a signal
device 202 associated with the shield 125, data encoded to the signal device 202 can indicate the
type of shield gas and/or the appropriate gas flow rate for the shield 125. In some embodiments,
encoded data of a signal device 202 provides information about other related torch components.
For example, encoded data can identify other torch components that are compatible with the
assigned consumable, assisting with installation of the entire consumable set in a torch to achieve
certain performance metrics. In some embodiments, the operating parameters include one or
more of various types of information or data that can be utilized by the thermal processing
system 100 during use. Examples of operating parameters include a cutting program, an
electrical current (e.g., ignition or cutting current) or gas (e.g., plasma or shield gas) ramping
profile, set up values for the thermal processing system, cut cycle or life data of the torch of
consumables, gas flow rates (e.g., ignition or cutting gas flow rates), gas types (e.g., gas selection
instructions), pierce delay time, timing parameters, set points, error conditions, thresholds, or a
coordination of multiple parameters. In some cases, the operating data includes a workpiece
cutting application, such as “Killer App.” For example, a “Killer App” can be configured to
provide a desired operational performance characteristic, features, or cutting application.

In some embodiments, the information sent from the consumable component can include
software information for the thermal processing system. For example, in some embodiments, the
consumable can contain firmware updates for the thermal processing system. In some cases, the
controller can determine the firmware version being used by the thermal processing system and
compare it to a version of the firmware update contained on the readable data storage device in

order to determine whether the firmware update residing on the readable data storage device is
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newer than that being used. By comparing the two firmware versions, the controller can
determine whether or not the firmware update should be transmitted from the readable data
storage device to the data reading device and subsequently installed onto the thermal processing
system. For example, the firmware update residing on the readable data storage device can
include an identifying code (e.g., a date code, a revision identifying (e.g., a revision number), or
any of various other suitable identifying codes) which the data reading device can read and
consider. In some cases, the information comprises full control software that can be sent to the
data reading device and installed by the controller.

In some embodiments, the operating parameters sent to the torch are configured to
produce an altered performance characteristic of the thermal processing system. For example, in
some embodiments, the altered performance characteristic includes a faster cutting capability
relative to an original cutting capability that would be possible using a substantially similar
replaceable consumable component that does not transfer the operating parameters. That is, for
example, two different substantially similar (e.g., structurally similar) nozzles can each include a
data storage device having different cutting parameters so that one of the nozzles provides
cutting parameters that are well-suited for fast cutting (i.c., fast movement of the plasma arc
along a workpiece) and the other nozzle provides cutting parameters that are better suited for
slow cutting and/or higher quality cut edges. That is, consumable components can be “pre-
loaded” with information (e.g., operating parameters) that make the consumable preferred for
any of various types of cutting performance characteristics. As a result of tailoring the data
storage device for a particular use of the respective consumable, a consumer (e.g., machine
operator) can merely choose a consumable according to the desired type of cutting or welding to
be performed and install the consumable into the processing system (e.g., into the torch).
Examples of preferred cutting characteristics include fast cutting, slow cutting, high quality
cutting edges, reduced kerf, reduced workpiece splatter, straight line cutting, curved cutting,
circle cutting, clockwise or counterclockwise cutting, or various other cutting characteristics.

Therefore, in some aspects, the processing system need not be fully set up and
programmed by the operator, rather the processing system can be automatically set up upon
installation of the consumables into the torch (e.g., when information is transmitted from the data
storage device to the torch). For example, in some embodiments, an operator can install a
consumable component (e.g., a nozzle) into a torch and a signal device (e.g., readable storage
device (e.g., an RFID tag)) 202 in or on the nozzle can communicate with a receiver (e.g., a data
reading device) 204 of the torch so that the machine setup information (e.g., the operating
parameters) can be automatically programmed into the thermal processing system by the

processor (e.g., controller) 206 for use. In some cases, as a result of transferring information
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(e.g., operating parameters, instructions, or programs) from the readable storage device to the
data reading device, an operator of the thermal processing machine is not required to manually
input as many operating parameters that would be required if the operating data was not
transferred.

As discussed above, in some embodiments, the thermal processing system (e.g., data
reading/writing device) is configured to transmit information (e.g., data) to the rewritable data
storage device. In some cases, the thermal processing system is configured to periodically (e.g.,
repeatedly or continually) write data to the rewritable storage device while the consumable is
disposed (e.g., operationally installed) within the torch (e.g., during use of the torch). The
information transmitted to the rewritable storage device can be associated with the thermal
processing system, the torch in which the consumable is installed, or a previous use (e.g., a
cutting or welding operation) of the replaceable consumable component in or on which the
rewritable storage device in installed. For example, the information can include information
relating to the frequency of use (e.g., how many cutting or welding operations for which the
replaceable consumable component has been used over a given time), relating to a number (e.g.,
a total number) of cutting cycles for which the replaceable consumable component has been
used, or relating to a time duration of the previous use of the replaceable consumable component
(i.e., how long the torch was in operation during the previous use).

In some embodiments, the information can relate to the operating parameters of the
thermal processing machine during the previous use of the replaceable consumable component.
In some cases, the information relates to a failure or error of the torch, consumable, or thermal
processing system during the previous use.

In some embodiments, the signal device 202 and/or the receiver 204 are encrypted in
order to limit (e.g., prevent) a third party from interfering (e.g., fraudulently interfering) or
altering data stored on the signal device 202. For example, encryption can help to limit a third
party from fraudulently storing incorrect usage data or set up information (e.g., operating
parameters) onto a consumable, which could cause a thermal processing system to mistake or
misinterpret a used (e.g., used to the end life) consumable as an usable consumable.
Alternatively or additionally, encryption can be used in order to code consumables for use with
only one type (e.g., manufacturer or OEM brand) or thermal processing system.

In some embodiments, a signal device 202 includes information about the corresponding
consumable independent of a detectable physical characteristic of the consumable. Examples of
detectable physical characteristics of the consumable include magnetic properties, surface
reflectivity, density, acoustic properties and other tactile features of the consumable measured by

a detector installed in the torch. Therefore, examples of consumable data independent of a
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detectable physical characteristic of the consumable can include consumable name, type,
manufacturer, manufacturing date, manufacturing location, serial number, or other non-tactile
features of a consumable. In some embodiments, the signal device 202 stores pre-collected
information of the consumable, including physical characteristics, before it is installed into the
torch, but the signal device 202 is not configured to actively measure or detect the physical
characteristics. However, the signal device 202 can store physical characteristics about the
consumable measured or detected by another device, such as by a sensor.

In some embodiments, the signal device 202 is located inside or on the torch 100. For
example, the signal device 202 can be attached to a surface of a consumable that is ultimately
installed inside of the torch tip 104. The signal device 202 can also be attached to a component
inside of the torch 100 other than the assigned consumable. For example, while a signal device
202 is assigned to store data about the electrode 105, the signal device 202 can be affixed to a
surface of the retaining cap 115. In some embodiments, the signal device 202 is coupled to an
external source that is not physically associated with the torch 100. For example, the signal
device 202 can be attached to a package used to store the consumable and is remote from the
consumable once it is installed in the torch 100. If a signal device 202 is located inside of the
torch 100, the surface to which the signal device 202 is attached can be selected to reduce or
otherwise minimize heat exposure during operation of the torch 100. For example, the signal
device 202 can be located near a cooling mechanism, away from the plasma arc, and/or in an o-
ring channel of the torch 100 to reduce or minimize heat exposure. In addition, the signal device
202 can be coated with a heat protective material to reduce the likelihood that the device will
overheat during torch operation. Generally, the signal device 202 can be situated, such as being
shielded by another torch component, to minimize exposure to thermal energy, radiation,
damaging gases (e.g., ozone), and/or high-frequency energy.

In some embodiments, a signal device 202 is designed to be durable, i.e., functional
during and after one or more torch ignitions. In some embodiments, a signal device 202 is
disposable after each torch use or after several uses. In some embodiments, a signal device 202
is writable once, for example, to encode information about a consumable when the consumable is
first manufactured. In some embodiments, a signal device 202 is writable multiple times, such as
throughout the lifespan of the corresponding consumable.

In the communication network 200, the signal device 202 can wirelessly transmit its
stored information to the receiver 204 in the form of one or more signals. The receiver 204 is
adapted to process these signals to extract pertinent data about the consumable and forward the
data to the processor 206 for analysis. In some embodiments, the receiver 204 is located in or on

the plasma arc torch 100. For example, the receiver 204 can be located in the torch body 102. In
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some embodiments, the receiver 204 is at a location external to the torch 100, such as attached to
a power supply module, a gas console, the processor 206, etc.

In some embodiments, at least one of the signal devices 202 is an RFID tag and the
receiver 204 is a reader used to interrogate the RFID tag. In such embodiments, the RFID tag
includes a microchip for storing information and an antenna for receiving and transmitting RF
signals. The reader can include (1) an antenna for transmitting RF signals to the RFID tag to
interrogate the tag and (2) components for decoding a response transmitted by the RFID tag
before forwarding the response to the processor 206. The RFID tag can be cither active or
passive. An active RFID tag includes a battery to produce a stronger electromagnetic return
signal to the reader, thereby increasing the possible transmission distance between the RFID tag
and the reader. The distance between an RFID tag and a reader can be from less than one inch to
100 feet or more, depending on the power output, the radio frequency used and the type of
material through which the RF signals need to travel. In one example, the distance between an
RFID tag and an antenna of a corresponding reader can be about 2-4cm. A reader antenna and
remaining reader components do not need be in the same packaging. For example, the reader
antenna can be located on or inside of the torch body 102 while the remaining reader components
are external to the torch 100. Using an RFID tag is advantageous because it does not require
direct contact (e.g., via wires) or direct line of sight (e.g., via optical signals) with the reader and
is well suited for use in harsh environments.

In some embodiments, a signal device 202 is a detector (e.g., a sensor) for detecting at
least one physical marker of the consumable for uniquely identifying the consumable by its type
or individually. The physical marker can be a physical alteration of the consumable, for
example. As shown in Fig. 3, identification of a consumable is achieved by altering the
geometry of the consumable such that, when it is installed in the torch 100, it affects the wall of
an adjacent coolant passageway 402, which in turn alters the rate of a coolant flowing
therethrough. Specifically, the altered section of the coolant passageway 402 can restrict the rate
of the coolant flow. A signal device 202 can be used to measure the pressure change as a
function of the coolant flow rate. Hence, the measured coolant pressure change serves as an
identification of the consumable. In another example as shown in Fig. 3, an auxiliary vent line
404 that is connected to a valve and a flow meter is attached to the nozzle 110 to identify the
nozzle 110. The valve is opened prior to plasma arc ignition and the auxiliary vent line flow rate
is measured by a signal device 202 as a function of plasma pressure during a purge cycle.
Therefore, the measured flow rate serves as an identification of the nozzle 110. In another
example, one or more uniquely sized metering holes (not shown) can be drilled into the outer

retain cap to identify the cap once it is installed in the torch 100. The size of each metering hole
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is configured to uniquely affect the off-valve pressure and/or the flow rate of the shield gas.
Therefore, these measurements, taken by a signal device 202 in a pre-flow routine prior to pilot
arc ignition, serve to identify the outer retaining cap.

In yet another example, the shield 125 can be identified by measuring the consumable’s
length relative to a reference torch datum. In an exemplary measurement process, a torch height
controller is used to determine the height at which a known torch fires and begins to cut a
workpiece. This height can serve as the reference torch datum. Then, after installing an
unidentified consumable into the torch, the height relative to the reference datum is determined.
Therefore, simple calculations involving the two heights can be used to determine the relative
length of the unidentified consumable. In turn, the relative consumable length can be used to
identify the consumable by, for example, referencing a looking-up table that correlates relative
consumable lengths to consumable parts.

In some embodiments, a signal device 202 is a barcode that provides optical machine-
representation of data about the corresponding consumable. A barcode can be read by the
receiver 204 in the form of a barcode reader. Generally, a signal device 202 can convey data
about a consumable in the form of any machine readable signals, including radio signals, optical
or other light-based signals (e.g., infrared signals or ultraviolet signals), magnetic signals,
pneumatic signals, or hydraulic signals.

In some embodiments, a single signal device 202 is assigned to each consumable of a
torch to transmit pertinent information about the corresponding consumable. In some
embodiments, two or more signal devices 202 are assigned to the same consumable to transmit
different information about that consumable. For example, one signal device 202 can transmit
information unique to the consumable type, such as the model number and operating parameters
for the consumable type, while another signal device 202 can transmit information unique to the
consumable itself, such as weight and usage history of the consumable. In some embodiments,
the signal devices 202 in the communication network 200 employ different modes of data
transmission. For example, while one signal device 202 transmits data as RF signals, another
signal device 202 transmits data as optical signals. In some embodiments, the network 200
includes multiple receivers 204. Each receiver 204 is configured (e.g., tuned) to read signals
from one or more of the signal devices 202 and transmit the extracted data to the processor 206.
In some embodiments, a single receiver 204 is used to read signals from all signal devices 202 in
the communication network 200. The processor 206 thus can simultancously process data
associated with multiple consumables.

Fig. 4 is an exemplary thermal processing system 300 using the communication network

of Fig. 2 to control the operation of a thermal processing torch, such as the plasma arc torch 100
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of Fig. 1. The plasma arc torch 100 can include one or more consumables including the nozzle
110, the electrode 105, the shield 125, the inner retaining cap 115 and an outer retaining cap 302.
At least one signal device 202 is assigned to at least one of the consumables for transmitting
information about the corresponding consumable to the processor 206 via the receiver 204. The
system 300 also includes a power supply 304 for providing the electrical current necessary to
generate plasma arc in the torch 100. Data collected from the signal devices 202 about the
respective consumables can be used by the processor 206 to control and optimize the operation
of at least one of the plasma power supply 304, the motors and drivers 306, the gas console 308,
the height controller 310 and the nesting software 312.

The processor 206 can be located inside or outside of the plasma arc torch 100. In some
embodiments, the processor 206 is housed in the power supply 304. In some embodiments, each
of the plasma power supply 304, the motors and drivers 306, the gas console 308, the height
controller 310 and the nesting software 312 houses at least one processor for processing data
from the signal devices 202 to control the functions of the respective module 304, 306, 308 or
310.

Based on the information collected from the signal devices 202, the processor 206 can
regulate many plasma system functions simultaneously or near simultancously and in real-time
or near real-time. These system functions include, but not limited to, start sequence, CNC
interface functions, gas and operating parameters, and shut off sequences. In some
embodiments, the processor 206 uses consumable information to automatically set various
parameters of the system 300. In some embodiments, the processor 206 uses consumable
information to verify whether certain preset parameters of the system 300 are compatible with
the consumables inside of the torch 100. As an example, based on the data collected about the
multiple consumables of the torch 100, the processor 206 can control and verify one or more of
the following system components: (i) settings of the power supply 304 for regulating power to
the torch 100, (ii) settings of the nesting software 312 for processing a workpiece, (iii) settings of
the gas console 308 for controlling shield and/or plasma gases supplied to the torch 100,

(iv) settings of the height controller 310 for adjusting the height between the torch 100 and the
workpiece, and (v) settings of various motors and drivers 306.

In some embodiments, based on the data collected from one or more signal devices 202,
the processor 206 interacts with the nesting software 312 to automatically select a cutting
program that sets parameters for processing a workpiece, such as the cutting speed, direction,
paths, nesting sequences, etc. The cutting program can also define the gas types, gas pressure
and/or flow settings and height control settings for the torch in view of the collected consumable

data. Traditionally, when a set of consumables is assembled into a torch, an operator needs to
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manually configure the nesting software 312 to create the cutting program for the torch by
supplying information to the software including the type and thickness of the workpiece material
being processed, the type of gas being used, and the current rating of the consumable set. In
particular, the operator needs to manually input into the processor 206 the current rating of the
consumable set. In the present invention, because the current rating information for each
consumable is stored in at least one signal device 202, the processor 206 can electronically
collect such information from the one or more signal devices 202 and automatically determine
the appropriate current setting without user input.

In some embodiments, based on the collected consumable data, the processor 206 selects
a suitable cutting program from the nesting software 312 by taking into consideration of
consumable data from the signal devices 202 and user-input operating parameters, including the
characteristics of the workpiece being cut and the desired cut shape. For example, an operator
can first send a generic program file to the nesting software 312. The generic program file
specifies, for each workpiece thickness, variable cut speeds, gas flows, kerf compensations, torch
heights, etc. that change with different consumable parts. Thus, after identifying the
consumables using the signal devices 202, the processor 206 interacts with the generic program
file to configure a cutting program for the torch. In some embodiments, after a cutting program
is created, the processor 206 uses consumable data collected from the signal devices 202 to
verify whether correct consumables are installed into the torch that are appropriate for the
program. In addition, the processor 206 can instruct the nesting software 312 to automatically
set or correct parameters of the program to enhance compatibility with the consumables loaded
into the torch. For example, a consumable requiring 400A current has larger kerfs and lead-ins
in comparison to a consumable requiring 130A current. Accordingly, the nesting software 312
can select fewer parts to fit on a nest of the program if the 400A consumable is loaded into a
torch.

In some embodiments, based on the data collected from one or more signal devices 202,
the processor 206 can manipulate a gas console 308 to control flow of plasma and shield gases to
the torch 100 by verifying and adjusting the gas console settings. The gas console 308 houses
solenoid valves, flow meters, pressure gauges, and switches used for plasma and shield gas flow
control. For example, the flow meters are used to set the pre-flow rates and cut flow rates for the
plasma and shield gases. The gas console 308 can also have a multi-inlet gas supply arca where
the plasma and shield gases are connected. A toggle switch can be used to select the desired
gases. The plasma and shield gases are monitored by gas pressure sensors. In one example, a
signal device 202 associated with the shield 125 of the plasma arc torch 100 can store

information about the type and composition of one or more shield gases suitable for use with the
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shield 125, along with the optimal flow rate setting of the shield gases. Based on this data, the
processor 206 can interact with the gas console 308 to provide the plasma arc torch 100 with the
appropriate shield gas at the optimal flow rate.

In some embodiments, based on the data collected from one or more signal devices 202,
the processor 206 manipulates the torch height controller 310, which sets the height of the torch
100 relative to the workpiece. The torch height controller 310 can include a control module to
control an arc voltage during cutting by adjusting the standoff (i.e., the distance between the
torch 100 and the work piece) to maintain a predetermined arc voltage value. The torch height
controller 310 can also include an external control module to control the standoff. The torch
height controller 310 can further include a lifter, which is controlled by the control module
through a motor or driver 306, to slide the torch 100 in a vertical direction relative to the
workpiece to maintain the desired voltage during cutting. In one example, based on the data
collected from the consumables of a torch, the torch height controller 310 can automatically
determine the height to position the torch relative to the top of a workpiece. Therefore, the torch
height controller 310 does not need to perform a height sense in order to set an appropriate pierce
height and cut height before beginning arc voltage control. In some embodiments, based on the
data collected from one or more signal devices 202, the processor 206 manipulates the motors
and drivers 306 to move the torch 100 laterally in relation to the surface of the workpiece. The
processor 206 can also manipulate the height controller 310 to move the torch 100 vertically in
relation to the surface of the workpiece.

In some embodiments, the processor 206 is configured to prevent the thermal processing
system 300 from commencing an operation on the workpiece if it determines that the
consumables installed in the torch 100 are mismatched with each other, not compatible with the
thermal processing system 300 or inconsistent with other pre-selected operating parameters input
by an operator. If such a determination is made, the processor 206 can trigger an audio or visual
alert indicating to the operator that one or more of the connected consumables are unsupported
and that the consumables should be replaced or operator inputs should be revised. Additionally,
the processor 206 can prevent initiation of an operation if an alert is triggered. For example, the
processor 206 can stop torch operation if the current setting of the shield 125, which is conveyed
to the processor 206 by a signal device 202 assigned to the shield 125, is different from the
current setting of the nozzle 110, which is conveyed to the processor 206 by a different or the
same signal device 202 corresponding to the nozzle 110.

In some embodiments, the processor 206 is configured to prevent the thermal processing
system 300 from operating if it determines that at least one of the consumables installed in the

torch 100 is not manufactured or otherwise supported by an accepted manufacturer. For
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example, the processor 206 can stop torch operation if it does not recognize the manufacturer
identification, serial number and/or parts number conveyed by a signal device of a consumable.
Hence, the thermal processing system 300 can be used to detect and prevent the use of inferior or
counterfeit consumables.

In some embodiments, the processor 206 recommends one or more remedial actions to
the operator to address alarm situations. For example, the processor 206 can suggest one or more
consumables to install in the torch 100 to avoid potential mismatch with other components of
thermal processing system 300. The processor 206 can suggest suitable types of workpiece for
processing based on the ratings of the installed consumable set. The processor 206 can
recommend a cutting sequence that reconciles the settings of the installed consumables with
settings provided by the operator.

Generally, the signal devices 202 can store information about torch components other
than consumables. For example, the signal devices 202 can store information about the torch
body 102 or about one or more leads. Therefore, as one in the art will fully appreciate, the
exemplary communication network 200 of Fig. 2 and the configuration of Fig. 3 can be casily
adapted to store information about any torch component.

Fig. 5 is another exemplary thermal processing system 500 using the communication
network 200 of Fig. 2 to influence, control, or otherwise affect the operation of a thermal
processing torch, such as the plasma arc torch 100 of Fig. 1. The thermal processing system 500
includes a computerized numeric controller (CNC) 502, a power supply 504, an automatic
process controller 508, a torch height controller 512 and a driver system 516, which are similar
to the processor 206, the power supply 304, the gas console 308, the height controller 310 and
the motor and drivers 306, respectively, of the operating system 400. In addition, the thermal
processing system 500 includes a cutting table 520,

To operate the thermal processing system 500, an operator places a workpiece on the
cutting table 520 and mounts the torch 100 into the torch height controller 512, which is attached
to the gantry 522. The driver system 516 and the height controller 512 provide relative motion
between the tip of the torch 100 and the workpiece while the torch 100 directs plasma arc along a
processing path on the workpiece. In some embodiments, at least one receiver 204 is attached to
a component of the thermal processing system 500 to receive signals emitted by at least one
signal device 202 associated with one or more consumables of the torch 100. For example, a
receiver 204 can be coupled to the gantry 522 to read signals from the torch 100 after the torch
100 is installed into the system 500. The receiver 204 can also be attached to other system
components including, for example, the CNC 502, the height controller 512, the driver system

516 or the cutting table 520. In some embodiments, the receiver 204 is mounted inside or on the
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surface of the torch 100. In some embodiments, multiple receivers 204 are disbursed throughout
the system 500 external to the torch 100, each receiver 204 being tuned to read data concerning
one or more specific consumables of the torch 100. For example, while one receiver 204 is used
to receive data from a signal device 202 assigned to a nozzle, another receiver 204 is used to read
data from a signal device 202 assigned to a shield. After obtaining information from a signal
device 202, the receiver 204 can transmit the information to the CNC 502, which uses the
information to configure the thermal processing system 500 for processing.

In some embodiments, signal devices 202 associated with two sets of physically identical
(or at least substantially identical) consumables are encoded with different consumable
information and installed into two different torches. For example, a signal device for the nozzle
of one torch can be encoded with Serial Number A while another signal device for the nozzle of
a second torch can be encoded with Serial Number B, even though the two nozzles are
manufactured to identical design specifications. The nozzles are installed into the respective
torches. The two torches are installed into their respective thermal processing systems, and the
receiver 204 of each thermal processing system can receive consumable data from the signal
device 202 of each torch. In some embodiments, based on the different consumable data, the
thermal processing systems are adapted to suitably adjust one or more operating parameters of
the systems so as to operate the torches differently, even when the consumables of the two
torches are physically identical to each other and all extraneous factors are the same (e.g., the
material type and thickness of the workpieces being processed by the two torches are the same).
For example, based on the different consumable data, the consumable data can cause the thermal
processing systems to interact with the respective nesting software 312 to enable different cutting
programs for the two torches and/or interact with the respective height controllers 512 to set
different heights for the two torches. In general, based on the different consumable data, one
thermal processing system corresponding to one torch can be configured to include features A,
B, or C while a second thermal processing system corresponding to the other torch can be
configured to include features X, Y or Z. In some embodiments, the same thermal processing
system can be configured in different manners depending on the consumable data encoded in the
two torches. Exemplary features customizable by a thermal processing system include: plasma
gas flow and timing, shield gas flow and timing, cutting current and timing, pilot arc initiation
and timing, torch height above the surface of a workpiece and/or torch lateral motion parallel to
the surface of a workpiece.

In some embodiments, a thermal processing system is adapted to activate a proprietary
process for operating a torch only after determining that the information about one or more

consumables in the torch satisfies certain criteria, such as being manufactured by a specific
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manufacturer. This information is stored on one or more signal devices 202 coupled to the
consumables, and may be accessed by the thermal processing system. Therefore, if the
consumables are produced by a different manufacturer and do not have the correct (or any)
information encoded in their signal devices 202, the thermal processing system does not initiate
the proprietary process, even if the “incorrect” consumables are physically identical to the
consumables produced by the desired manufacturer. In some embodiments, a thermal processing
system does not initiate a proprietary process when the system does not sense any data from the
torch consumable. This can occur if, for example, the consumable is not associated with a signal
device 202 or the signal device is defective. Therefore, a configuration process executed by a
thermal processing system can simply involve the system detecting whether a consumable is
associated with the correct data and/or alert the operator if incorrect or no information is detected
from the consumable. An exemplary alert include an alarm, a visual indicator, or a combination
thereof. In addition, the system can prevent operation of a torch in response to detecting

incorrect or no information from the consumable.

The various types of signal devices and receivers described herein can be arranged and
packaged within plasma torch components (e.g., consumable components or a torch body) in any
of various configurations that can provide adequate structural and thermofluidic protection, as
well as enable necessary communication between the signal device and the receiver. For
example, referring to Figure 12, in some embodiments, a thermal processing torch 1200 can
include multiple receivers (e.g., RIFD reading devices, for example, as discussed above)
arranged at different locations along a torch body 1201. Each of the receivers are configured to
communicate (¢.g., read data) with one or more signal devices (e.g., readable or rewritable RFID
devices, for example, as discussed above).

As illustrated, in some embodiments, a first receiver (e.g., a torch body RFID reader)
1204a is arranged within the torch body 1201 and is configured to communicate with various
signal devices affixed to different torch components (e.g., consumable components). In
particular, the receiver 1204a can communicate with (e.g., to identify or write to) one or more of
a torch body signal device 1202a disposed on the torch body 1201, an electrode signal device
1202b disposed on an electrode 1205, a swirl ring signal device 1202¢ disposed on a plasma gas
swirl 1220, and/or a nozzle signal device 1202d disposed on a nozzle 1210.

Additionally, a second receiver (e.g., a retaining cap RFID reader) 1204b is arranged
along a structural element of a retaining cap 1215 of the torch in order to communicate with
(e.g., to identify) one or more of an outer retaining cap signal device 1202¢ disposed on an outer

retaining cap (e.g., a shield retaining cap) 1215, an inner retaining cap signal device 1202f
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disposed on an inner retaining cap (e.g., a nozzle retaining cap) 1217, and/or a shield signal
device 1202¢g disposed along a shield 1225.

As illustrated in Figure 12, the signal devices are generally arranged within the respective
components in order to help aid in the communication between the signal devices and the
receivers. For example, each signal device is typically positioned relatively close to the receiver
with which it is intended to communicate. While the permitted spacing between a receiver and a
signal device can vary based on the types of devices being used and the type and amount of
material surrounding or otherwise in the vicinity of the devices, the signal devices described
herein are typically separated from a receiver by a spacing that is about 0 mm to about 10 mm
(e.g., about 3 mm to about 6 mm). Additionally, as illustrated with respect to the torch body
RFID reader 1204a, the spacing between the receiver and the various signal devices with which
the receiver communicates is typically unobstructed by other components (i.e., little or no
material (e.g., no metal material) is disposed in the spacing) to enable or improve communication
capabilities between the torch body RFID reader 1204a and the signal devices with which is
communicates. That is, obstructions (e.g., metal pieces) in between a receiver and signal devices
can inhibit (e.g., prevent) effective communication between the devices, so such obstructions are
typically avoided. To help enable effective communication between a signal device and a
receiver, components that are disposed between the signal device and the receiver (e.g., the
baffle of the shield retaining cap 1215) can be formed of non-metal materials, such as one or
more of a variety of plastic materials.

The signal devices 1202a-g can be in various forms and configurations that are suitable to
communicate with the receivers 1204a, 1204b. For example, in some embodiments, the signal
devices are formed of circular, ring-like components containing or enclosing one or more RFID
tags that store information relating to the various torch components on which they are installed.
The ring-like signal devices can be affixed to the respective torch components by any of various
connection techniques including threaded connections, adhesives or a welded connection, or a
press or friction fit. Alternatively or additionally, in some embodiments, the ring-like signal
devices can be integrally formed as a feature of the torch consumable. However, other

arrangements and configurations are possible.

As discussed herein, the various signal devices can provide information associated with
the consumable on which they are installed to the torch (e.g., the receivers on the torch) that can
be used for torch system setup and use. For example, in some embodiments, using the signal
devices, a torch system can identify the particular combination of consumables attached to the

torch in order to automatically program torch operating parameters for use. The signal devices
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can also be used to provide a variety of other types of information to the torch system.

The signal devices described above can be used to execute one or more processes to
transfer information to and from a thermal processing system.

For example, in some aspects, a thermal processing system (e.g., the thermal processing
system torch 100) having a receiver (e.g., data reading and/or data writing device) 204 (or
receiver 1204a, 1204b) that communicates with a signal device (e.g., the data storage device or
data tag) 202 (or signal devices 1202a-g) disposed in or on a consumable component arranged
within the torch can be used to transmit information (e.g., operating instructions or information
about the torch use) between a controller (e.g., processor) 206 of the system and the consumable
installed within the torch.

For example, referring to Figure 9, in some aspects, an exemplary method (900) for at
least partially controlling a process of a cutting or welding system includes providing a
consumable component (e.g., the electrode 105, the nozzle 110, the swirl ring 120, the shield
125, or other consumable components) having a readable data tag containing information (e.g.,
operating parameters) (902). For example, the data tag can include the signal device 202 (or
signal devices 1202a-g) and, as discussed above, can be in the form of an RFID tag or an optical
tag having a visual characteristic to convey information about the consumable component. In
some cases, the data tag is rewritable, for example, while the data tag is arranged in the torch.

The consumable component is then assembled into a processing system (904). For
example, the consumable component can be installed into a tool (e.g., a torch) of a cutting or
welding system. In some cases, the consumable component is inserted into a designated recess
within the torch and held in place via any of various retention mechanisms, such as threaded
connections (e.g., threaded retaining caps).

With the consumable component in place within the torch, the operating parameters can
be communicated (e.g., sent) to a control device of the processing system (906). For example, in
some embodiments, the signal device (e.g., readable data tag) is placed in communication (e.g.,
wired or wireless communication) with the receiver (e.g., the data reading device) disposed
within the torch. In some examples, the data tag is an RFID tag and is placed in wireless
communication (e.g., near-field communication) by which the data reading device can read the
operating parameters from the data tag and transmit the information (e.g., operating parameters)
to the thermal processing system.

Once the data reading device has read and transmitted the operating parameters to the
thermal processing system, the thermal processing system can control a process (e.g., a cutting or

welding process) in accordance with the operating parameters communicated from the data tag
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(908). As discussed herein, the operating parameters contained on the data tag of the
consumable component can include any of various parameters including a cutting program,
cutting applications, an electrical current (e.g., ignition or cutting current) or gas (e.g., plasma or
shield gas) ramping profile, set up values for the thermal processing system, cut cycle or life data
of the torch of consumables, gas flow rates (e.g., ignition or cutting gas flow rates), gas types
(e.g., gas selection instructions), pierce delay time, timing parameters, set points, error
conditions, thresholds, or a coordination of multiple parameters.

In some cases, as a result of transferring information (e.g., operating parameters,
instructions, or programs) from the readable storage device to the data reading device, an
operator of the thermal processing machine is not required to manually input as many operating
parameters that would be required if the operating data was not transferred. That is, in some
aspects, using the method 900 of using consumable components having readable data tags can
permit automated or semi-automated setup and operation of the thermal processing machine.

In some embodiments, the methods of transferring information from a signal device of a
consumable to a processing system can be executed in combination with methods for identifying
consumables based on physical features of consumables. For examples, in some cases, one
consumable installed into a torch can include a signal device configured to transfer information
to the torch system and another consumable installed into the torch can be identified using
physical features of the consumable. For example, as discussed with reference to Figures 7-8,
changes in fluid flow in or around various consumables can be monitored and used in order to
identify consumables installed in the torch

In some aspects, referring to Figure 10, an example method (1000) for providing
information (e.g., an operating parameter) to a thermal processing system (e.g., a cutting or
welding system) using a replaceable consumable component having a readable data storage
device (e.g., the signal device 202 or the signal devices 1202a-g) includes first facilitating
communication (e.g., wired or wireless communication) between the readable data storage
device and a data reading device (e.g., the receiver 204 or the receivers 1204a-b) of the cutting or
welding system (1002). For example, as discussed herein, the readable data storage device can
be in the form of an RFID tag and can be placed in wireless communication (e.g., near-field
communication) with the readable data storage device.

Once communication is established between the readable data storage device and the data
reading device, information (e.g., operating data at least partially defining the operating
parameter) is transferred from the readable data storage device to the data reading device (1004).
For example, the operating data is typically configured to affect an operation of the cutting or

welding system. As discussed herein, the operating data contained on the data tag of the
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consumable component can be configured to affect any of various operation characteristics
including a cutting program, cutting applications, an electrical current (e.g., ignition or cutting
current) or gas (e.g., shield or plasma gas) ramping profile, set up values for the thermal
processing system, cut cycle or life data of the torch of consumables, gas flow rates (e.g.,
ignition or cutting gas flow rates), gas types (e.g., gas selection instructions), pierce delay time,
timing parameters, set points, error conditions, thresholds, or a coordination of multiple
parameters. In some cases, as discussed above, the information sent from the storage device can
include software information for the thermal processing system. For example, in some
examples, the consumable can contain firmware updates for the thermal processing system. In
some cases, the controller can determine the firmware version being used by the thermal
processing system and compare it to a version of the firmware update contained on the readable
data storage device in order to determine whether the firmware update residing on the readable
data storage device is newer than that being used.

In some cases, the operating parameters can be divided and distributed onto two or more
data storage devices arranged on two or more replaceable consumable components (e.g., a nozzle
and an electrode, a nozzle and a shield, or any other combinations of consumables) that can be
installed into a torch. For example, in some embodiments, the method (1000) also includes
facilitating communication (e.g., wired or wireless communication) between a second readable
data storage device and a data reading device (e.g., the receiver 204 or the receivers 1204a-b) of
the cutting or welding system (1006). For example, as discussed herein, the readable data
storage device can be in the form of an RFID tag and can be placed in wireless communication
(e.g., near-field communication) with the readable data storage device. The second readable data
storage device can be placed in communication with the same data reading device with which the
first readable data storage device is in communication or a different data reading device (in
communication with a common controller as the first reading device) arranged within the torch.
Once communication is established between the readable data storage device and the data
reading device, operating data at least partially defining the operating parameter is transferred
from the readable data storage device to the data reading device (1004).

By dividing or distributing data onto different consumable components, less data is
typically required to be stored on a single signal device which can result in easier to configure,
program, and manage signal devices. Additionally, dividing data onto different consumable
components is expected to create a more versatile and customizable thermal processing system
as a result of different consumable components being able to be mixed and matched in various
different configurations while properly providing adequate operating parameters to the torch

System.
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In some aspects, information can be transmitted from the thermal processing system and
stored onto the data storage device disposed in or on a consumable component while the
replaceable consumable component is in an operation configuration. For example, referring to
Figure 11, an example method (1100) for storing information on a replaceable consumable
component used in a thermal processing machine includes configuring a data storage device
(e.g., the signal device 202 or the signal devices 1202a-g) for communication with a data writing
device (e.g., the receiver 204 or the receivers 1204a-b) (1102). For example, in some
embodiments, the data storage device is a rewritable data storage device (e.g., a rewritable RFID
tag). That is, a rewritable data storage device is typically able to add new data after the initial
writing of data (e.g., with or without deleting or overwriting other data present on the data
storage device). In particular, the rewritable data storage device is typically able to have new
data written while disposed within the torch. In some embodiments, the operation configuration
includes the consumable component being installed within a torch of the thermal processing
system ready for use. In some cases, the operation configuration includes the thermal processing
system being turned on for operation (e.g., being used). For example, the operation
configuration can include the torch being in use (e.g., undergoing a processing (e.g., cutting)
operation in the field).

Once configured, the information can be written to the data storage device (1104). For
example, in some embodiments, the data writing device transmits (writes) information to the data
storage device. The information transmitted to the rewritable storage device can be associated
with the thermal processing system, the torch in which the consumable is installed, or a previous
use (e.g., a cutting or welding operation) of the replaceable consumable component in or on
which the rewritable storage device in installed. For example, as discussed above, the
information can include information relating to the frequency of use (e.g., how many cutting or
welding operations for which the replaceable consumable component has been used over a given
time), relating to a number (e.g., a total number) of cutting cycles for which the replaceable
consumable component has been used, or relating to a time duration of the previous use of the
replaceable consumable component (i.e., how long the torch was in operation during the previous
use.

In some embodiments, the information can relate to the operating parameters of the
thermal processing machine during the previous use of the replaceable consumable component.
In some cases, the information relates to a failure or error of the torch, consumable, or thermal
processing system during the previous use. In some cases, the thermal processing system is
configured to periodically (e.g., repeatedly or continually) write data to the rewritable storage

device while the consumable is disposed (e.g., operationally installed) within the torch (e.g.,
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during use of the torch). Such information written to the data storage device can potentially be
used for various purposes. For example, the information could be used to track usage in order to
troubleshoot the machine, in order to review and handle warranty issues (e.g., by being able to
observe how an operator was previous using the consumable and thermal processing system
prior to inquiring about a warranty), or in order to predict the end of life of the consumable.

In some embodiments, as a result of use data being written to the data storage device as
the consumable is used, the operating parameters transferred from the data storage device to the
torch controller during subsequent installations into a torch can be altered or updated based on
prior use of the consumable. That is, as a particular consumable is used for longer time periods,
the preferred operating parameters can change so that the operating parameters transferred to the
torch to set up use of the particular consumable can be changed accordingly. For example, as an
electrode gets closer to its end of life and the electrode’s emitter wears, the preferred torch height
setting (e.g., height away from a workpiece during use) may need to be adjusted to compensate
for the arc emitting from the electrode a deeper point from the face of the electrode than occurs

with an unused electrode.

The signal devices (e.g., data tags (e.g., RFID data tags)) can be designed and arranged
within a material processing head (e.g., a plasma torch) in certain configurations that help to
provide better RFID communication, and in some cases, better torch performance. In some
aspects, signal devices can include antenna coils that are generally formed around a consumable
(e.g., around a central axis of the consumable). For example, referring to Figure 13, a
consumable 1300 can include a consumable body (e.g., a unitary body) 1302 and a ring-shaped
(e.g., round, orbicular, toroidal, annular, encircling) signal device 1304. As discussed herein, the
signal device can be a data tag (e.g., an RFID data tag) configured to communicate with a
reading device of a material processing head. As illustrated, the data tag 1304 can have a central
axis 1305 (shown in Figure 14) that is substantially coaxial with the central longitudinal axis
1301 of the body 1302. In some examples, the data tag can be disposed substantially
perpendicular to the central longitudinal axis 1301 of the body.

The body 1302 can define a transmission region 1303 that conveys (e.g., delivers,
transmits) matter or energy through the body, for example, to be used for material processing
(e.g., cutting or welding). For example, the transmission region 1303 can convey a current (e.g.,
when the consumable is an electrode), a liquid (e.g., water for water-jet cutting), a coolant, a gas
(e.g., through a nozzle or a shield), light (e.g., a light beam in laser cutting), or a cutting medium
material (e.g., in water-jet cutting) through the body.

The consumable (e.g., the body) can be shaped and configured for use in any of various
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material processing systems. For example, as discussed herein, the consumable can be one or
more plasma torch components, such as an electrode, a nozzle, a retaining cap, a swirl ring, and a
shield.

In some embodiments, the consumable can include a cartridge consumable device that is
configured to replace one or more other consumable components. A cartridge consumable
device is a component that typically includes a housing, a connection mechanism for coupling
the cartridge to a plasma arc torch, and components including at least an arc constrictor (e.g. a
nozzle) and an arc emitter (e.g. an electrode), and optionally including a swirl ring or swirling
feature, a shield, and/or a retaining cap.

In some embodiments, a cartridge can include one or more consumable components, such
as a frame or body having one or more sections; an arc emitter (e.g., an electrode); an arc
constrictor or arc constricting member (e.g., a nozzle); a feature to impart a swirl to a gas within
the plasma torch (e.g., a swirl feature built into the nozzle, a swirl ring, or another swirl feature);
a shield (e.g., a nozzle shield that is electrically isolated by the use of aluminum, anodized
aluminum and/or a plastic material); an emitting element (e.g., a hafnium emitter); and/or an end
cap. In some embodiments, a cartridge can include a substantially copper portion (e.g., an inner
core made of above 80%, preferably above 90%, pure or substantially pure copper, or a copper
alloy) and a substantially non-copper portion (e.g., a non-copper portion external to the inner
core). In some embodiments, a cartridge can be used on a handheld plasma cutting system
and/or a mechanized plasma cutting system.

In some embodiments, a cartridge can have enhanced cooling and insulative capabilities,
reduced manufacturing and material costs, and/or improved recyclability, durability and
performance. In some embodiments, the cartridge provides consumable components in one
integrated piece. In some embodiments, the cartridge provides for significantly reduced
assembly time (e.g., by a factor of 5-10). In some embodiments, the cartridge can provide for
better mating and/or complementary parts so that parts can be chosen correctly for a given
cutting task by reducing the need for the user to choose and assemble parts in the field, which
can provide for easier recognition of appropriate consumable components for a given cutting task
and reducing operator error. In some embodiments, the cartridge enhances consumable
alignment and/or spacing because cartridge parts are assembled in a manufacturing setting,
thereby achieving tighter tolerances than are possible in the field. In some embodiments, the
cartridge improves heat dissipation and/or conduction capabilities. In some embodiments, heat is
moved substantially away from the torch, but not so far as to heat or melt plastic components.

Example cartridge components are described in Applicant’s co-pending U.S. Patent

Publication No. US2014/0069895, filed on November 13, 2013 and entitled “Automated



10

15

20

25

30

35

WO 2016/014834 PCT/US2015/041802
37-
cartridge detection for a plasma arc cutting system” and in Applicant’s co-pending U.S. Patent
Application Serial No. 14/708,972, the contents of both of which are incorporated herein by
reference in their entirety. In embodiments in which the consumable comprises a cartridge, the
data tag can be disposed around (e.g., encircle) the cartridge (e.g., the cartridge body) such that,

as discussed herein, a conductive coil of the data tag can be disposed coaxially with the cartridge.

Referring to Figure 14, the data tag 1304 can include a housing 1306, a conductive
antenna coil 1308, and an electronics chip 1310. The housing 1306 can be an enclosure
configured to house and protect other components of the data tag, such as the conductive coil
1308 and the chip 1310. As illustrated, the housing 1306 can be generally ring-shaped to define
a central opening 1312, which can define a transmission region through which any number of
material processing matter can pass (e.g., which can be similar to the transmission region of the
body). While the data tag generally defines a central opening, the housing 1306 can be
substantially asymmetric about its central axis 1305. For example, the housing can have an outer
shape that is non-circular, such as polygonal (e.g., triangular, square, hexagonal) or other non-
circular shapes. The housing 1306 can be formed of any structurally suitable (and in some cases
chemically resistant) materials such as various plastics.

The conductive coil 1308 is typically formed around the central axis 1305 of the data tag
1304. For example, the conductive coil 1308 can encircle (e.g., symmetrically surround) the
central axis 1305. The conductive coil 1308 can include substantially a single turn (e.g., to form
a ring) or can include multiple turns and can be formed along a substantially helical path. For
example, Figure 17 illustrates an example helical coil having a radius R, a height H, and a
number of turns N (e.g., number of revolutions of the coil). As discussed below, the number of
turns N of the coil can be adjusted to improve communications, for example, to tune a resonant
frequency of the data tag.

The conductive coil 1308 can be formed of any of various materials. For example, the
conductive coil 1308 can be formed of a metallic material (e.g., a helical coil). In some
examples, the conductive coil 1308 can include a winding of wire (e.g., bare metal wire (e.g.,
copper wire)). In some cases, the conductive coil can be a printed circuit. For example, the
printed circuit can include a printed coil of a conductive material (e.g., a conductive ink
material).

During use, the conductive coil can be energized by a broadcasting antenna of a data tag
reading device within a material processing head. For example, a magnetic field emanating from
a broadcasting antenna (e.g., within a reading device) can couple with the data tag conductive

coil. If the coupled field is of sufficient strength, the data tag receives energy from the coupled
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field which energizes the data tag’s internal IC chip and awaits instructions from the reading
device for processing and reply.

The shape of the conductive coil (e.g., around the central axis of the consumable) can be
useful to improve communications with a corresponding data tag reader and, in some cases, to
limit adverse impacts of the communication system on the material processing head’s
functionality. For example, Figure 15 depicts an example path of a coil current 1502 (e.g., a
current traveling through a ring-shaped conductive coil (e.g., coil 1308)). As discussed above,
the coil 1308 can be disposed substantially symmetrically about the central axis 1301 of the
consumable, which can be coaxial with the central axis 1305 of the data tag. Since the coil
current 1502 follows a generally circular path about the central axes 1301, 1305, a resulting
magnetic flux 1504 produced by the coil passes around the circular coil (e.g., in a toroidal
shape), and in the central portions of the body, in-line with the central axes 1301, 1305
(consistent with Ampere's right hand rule). That is, by positioning the conductive coil 1308 such
that the consumable body 1302 passes substantially through the coil 1308, the resulting magnetic
flux 1504 can pass substantially centrally therethrough.

In some cases, aligning the magnetic flux 1504 centrally through the consumable body
1302 can help to limit adverse effects on the material processing head operation or on
communication of the data tag. For example, in a plasma arc torch in which an operating current
travels through the body 1302, aligning the operating current and the magnetic flux 1502 can
reduce the likelihood that the flux would adversely impact the operating current. Additionally or
alternatively, such alignment could reduce the likelihood that the operating current could distort
or otherwise affect the magnetic flux 1504, which could affect the tag current and the ability for
the tag to function properly.

The chip 1310 includes an integrated circuit that is used to store and process information.
For example, the chip 1310 modulates and demodulates a radio-frequency (RF) signal, collects
DC power from a signal from an incident reader (e.g., a data tag reading device in a material
processing head), and performs various other functions. The chip 1310 can include memory to
store data for any of the various uses discussed herein. For example, the chip 1310 can have a
storage capacity of at least 60 bits of data (e.g., between about 256 bits and about 1.9020 kbits
(e.g., about 256 bits and about 900 bits)).

The data tags can be configured to resonate at any of various frequencies, which may
coincide with a frequency broadcast by the reading device of the material processing head. For
example, the reading device can broadcast a signal at a frequency of about 12 MHz to about 14
MHz (e.g., about 13 MHz). Therefore, the data tags can be designed and configured to have a
resonant frequency at or about 12 MHz to about 14 MHz (e.g., about 13 MHz (e.g., about 13.56
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MHz)).

In some embodiments, the memory can be of a readable and writable (RW) configuration
so that the data tag can be read and written to repetitively. In some examples, the memory can
be written a number of times (e.g., multiple times) and then locked (e.g., permanently locked) to
limit (e.g., prevent) further writing operations. In some cases, the memory does not need to be
locked all at once but rather can be locked at different times and include different percentages of
the total data space locked.

That is, in some embodiments, data stored on the chip is divided into two or more
segments. For example, a first segment of the data can be locked and a second segment of the
data can be unlocked. In some cases, the first segment and the second segment can both be
locked, for example, independently of one another. As a result, the first segment and second
segment can typically be locked and unlocked at different times and for different purposes, such
as during system use or during consumable set up.

In some cases, the first segment of the data can include consumable identification data
(e.g., serial numbers, manufacturer information, a type of a consumable, etc.) and the second
segment of the data can include data pertaining to the operation of the consumable (e.g., number
of hours used in operation, operating conditions used during operation, estimated hours until
failure, desired operating instructions to be used with the consumable, etc.).

Other examples of potential data locking configurations can include: 1) locking the unique
identification number (e.g., serial numbers) at the time when the data tag is manufactured; i1)
locking some data at different times and steps (e.g., milestones) while the data tag is being
manufactured; iii) locking some data at different times as the data tag is being distributed (e.g.,
passing through its distribution channel); iv) locking some data at different times during the data
tag’s usage or service life; and/or v) never locking certain portions of data space.

Memory can also be portioned (e.g., partitioned, divided, etc.) and potentially locked by
certain business partners involved in the data tag or consumables manufacture and distribution,
such as a manufacture, wholesale distributor, retail seller, equipment servicer, or other involved
party. Examples of potential data portioning configurations can include: 1) a portion of the
memory can be controlled by the data tag manufacturer including data content and locking; ii) a
portion of the memory can be reserved for a channel partner to determine the memory content
(e.g., data to be stored) and locking procedures; and/or iii) a portion of the memory can be
reserved for an end-user of the tag to determine the memory content (e.g., data to be stored) and
locking procedures. Memory portioning techniques can be implemented in addition to, or in
combination with, one or more of the data locking configurations described above.

Other uses or implementations of memory portioning and data storage are possible.
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Using consumables having ring-shaped data communication signal devices can help to
configure material processing systems (e.g., plasma arc systems) to have better communication
between signal devices associated with consumables and a reading device of the material
processing system. In some examples, ring-shaped data tags (e.g., ring-shaped conductive coils)
can help limit undesired interference between the communication system (e.g., the data tag and
the reading device) and other portions of the material processing system, such as electrical
systems used to operate the material processing system.

For example, methods for reducing communication interference of an RFID
communication system in a plasma arc or welding torch having a consumable component
disposed therein can include providing a ring-shaped RFID tag (e.g., the data tag 1304) coaxially
disposed relative to the consumable component (e.g., the consumable body 1302). As discussed
herein, the data tag can define an open central portion (e.g., central opening 1312) and has a
conductive coil (e.g., the coil 1308) disposed substantially around the open central portion. For
example, as discussed above, the conductive coil can include a magnetic material (e.g., wire)
wound in a circular shape to be disposed around the open central portion.

The consumable component can be positioned in a torch such that the central axis of the
consumable component is disposed along a substantially similar or common axis (e.g., be coaxial
with) the open central portion of the RFID tag. For example, the data tag can be coupled around
the consumable body or at an end of the body so that the conductive coil of the data tag is
substantially centered around the central axis of the body.

A current can be passed along a portion of the central axis of the torch (e.g., along the
portion of the consumable) that extends through the ring-shaped RFID tag. That is, a torch
current can be passed through a torch (e.g., along a consumable) to generate a cutting medium,
such as a plasma cutting current. In some cases, a cutting current can be passed through a central
region of the consumable.

A tag current can be generated through the conductive coil. The tag current can flow
around (e.g., encircling) at least a portion of the central axis of the torch. The tag current can be
generated by a data tag reader antenna (e.g., a conductive coil) within the torch. For example,
the data tag reader antenna can be excited (e.g., energized) to broadcast a frequency (e.g., a
broadcast frequency). In some examples, generating the tag current can include generating
current along a helical path. In some examples, the helical path is formed substantially
symmetrically about the central axis. For example, the current in the tag’s conductive coil is
generated through electromagnetic induction as described by Faraday’s law of induction and

more generally by the Maxwell-Faraday equation. The time-varying magnetic flux created by
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the reader antenna induces an electro-motive force (EMF) in the tag’s conductive coil which
drives a current flow in the tag’s conductive coil.

As aresult, at least in part, of the substantially circular path along which the tag current
flows, a magnetic flux given off from the conductive coil can form a general toroidal path around
the coil, as discussed above and depicted in Figure 15. As discussed herein, at least in part as a
result of the orientation of the ring-shaped conductive coil being formed around the consumable
body, the flux path given off by the conductive coil is better aligned with the cutting current
flowing through the consumable. At least in part as a result of the better aligned current and
magnetic flux, the likelihood of interference between the RFID communication system and the
torch operation can be reduced, which can yield better torch performance as discussed herein.

While Figure 13 illustrates a certain type of consumable (e.g., a plasma torch electrode),
the data tag components and methods described herein can be implemented on any of various
other types of consumable components. For example, Figure 16 illustrates a plasma torch
consumable (e.g., a nozzle) 1600 including a body 1602 shaped to receive an electrode. The
nozzle 1600 also includes a data tag 1304 attached to an end of the body. As illustrated and
described herein, the data tag 1304 can be disposed substantially coaxially with a central
longitudinal axis 1601 of the body 1602. The data tags described herein can also be used in
association with any of various other consumable components, such as torch components (e.g.,
shields or retaining caps) water jet components (e.g., water tubes or orifices), or laser cutting

head consumables (e.g., lenses).

As discussed above, material processing heads can include multiple data tags, which can
cach be associated with one or more consumable components disposed in a material processing
head. Using multiple data tags can help the material processing head identify individual
components for any of the various reasons or uses discussed herein. As discussed below,
multiple data tags can be constructed and arranged within a material processing head in a manner
that helps to facilitate better communication between multiple data tags and a data tag reader.

The level of energy transferred to a data tag typically increases as the data tag is closer to
the reading device. As a result of the energy transfer to the data tag, a current is induced in the
tag from the energy transfer as discussed herein. An integrated circuit (IC) of the data tag (e.g.,
within the chip) typically requires a certain amount of energy to function properly. Energy
received that exceeds this required energy level to function can be turned into heat by the chip, as
the chip shunts some or all of the current that it does not need to function. Therefore, when a
data tag is very close to a reading device (e.g., an antenna coil of the reading device), it receives

a very strong magnetic field strength and typically receives more energy than it needs and a
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current larger than what it needs is induced in it. As a result of the high current, the unneeded
current can simply be shunted away.

However, the current induced within the data tag generates its own magnetic field that
may counteract or reduce the field from the reading device antenna coil. Another factor that
could affect the data tag’s current level is the data tag’s Quality Factor (the “Q” of the circuit),
which is related to the circuit’s resonant frequency. Therefore, changing the resonant frequency
of the data tag (e.g., of the conductive coil of the data tag) to more greatly deviate from the
reading device’s frequency can have the effect of lowering the data tag’s Q, which will lower the
induced current for a given magnetic field strength. A lower induced current will generate a
lower countering magnetic field, which results in a higher magnetic field reaching the other,

further data tags.

Referring to Figure 18, a material processing head 1800 can include a material processing
head body 1802 and multiple consumable components 1804 removably attached to the material
processing head 1800. For example, the consumable components can include a nozzle, a nozzle
retaining cap, a shield, a shield retaining cap, or an electrode. The consumable components 1804
can include one or more data tags configured to communicate with a data tag reading device
(e.g., an RFID reading device with an antenna) 1806.

For example, the material processing head 1800 can include a first data tag 1808
associated with (e.g., coupled to) a first consumable component (e.g., a shield retaining cap), a
second data tag 1810 associated with (e.g., coupled to) a second consumable component (e.g., a
nozzle retaining cap), and a third data tag 1812 associated with (e.g., coupled to) a third
consumable component (e.g., a shield). As illustrated, the data tags 1808, 1810, 1812 can be
arranged at different lengths away from the reading device 1806 depending on any number of
factors including torch configuration and consumable design. In some embodiments, the data
tags can be about 1 mm to about 6 mm away from the reading device. Based on their respective
positions relative to the reading device, the data tags can be specifically designed and configured
to better communicate with the reading device by tuning (e.g., manipulating a resonant
frequency) each data tag for communicating with the reading device. Data tags that are
positioned further from the reading device can be designed to better communicate with the
reading device than a data tag that is closer to the reading device so that the reading device can
properly communicate with both the close tag and the far tag.

For example, the second data tag 1810, which is separated from the reading device 1806
by a second spacing 1811 is farther from the reading device 1806 than the first data tag 1808,
which is separated from the reading device by a first spacing 1809. If the first data tag 1808 and
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the second data tag 1810 were to have the same resonant frequency, it would be possible that a
majority (e.g., a significant majority) of the energy given off by the reading device would be
absorbed or captured by the closer, first data tag 1808, resulting in a large induced current that is
predominantly discarded by the first data tag 1808 and resulting in a large counter magnetic flux
from the predominantly discarded induced current in the first data tag 1808 which lowers the net
magnetic flux reaching the second data tag 1810 and finally results in poor communication
between the reading device and the second data tag 1810. To help counteract communication
problems with farther data tags, the farther tags can be configured to better communicate with
the reading device than the closer tags. That is, the closer data tags (e.g., data tag 1808 in the
example of Figure 18) can be de-tuned to have reduced communication capabilities with the
reading device. In some examples, the closer data tags can be adjusted to have a resonant
frequency that is farther from (e.g., deviates more from) the resonant frequency (e.g., a reader
broadcast frequency) of the reading device than the data tags positioned at greater distances from
the reading device. Deliberately adjusting a tag’s resonant frequency away from the reader
broadcast frequency can be referred to as “detuning” the tag. As a result, the closer data tag
would have a smaller induced current through it than it would have if it had not been detuned.
The smaller induced current creates a smaller counter magnetic flux which results in a greater
signal strength between the second data tag and the reading device than would exist without
detuning the first data tag.

By way of an example, in some embodiments, a communication signal between the first
data tag and the reading device can be about half as strong as a result of detuning than it would
be without detuning. For example, a received signal strength indicator (RSSI) (on a scale that
can range between 0-7 for some implementations, where 0 is the lowest strength and 7 is the
highest strength) between the first data tag (e.g., the closer data tag) and the reading device can
be de-tuned to be mid-range, such as between about 2 and about 4 (e.g., about 3), and a signal
strength between the second data tag and the reading device can be between about 6 and about 7.

Data tag locations and distances from the reading device coil are typically fixed inside the
torch (e.g., when the consumable on which the data tag is attached is installed in the torch) and
can be taken advantage of to de-tune the closer data tag (e.g., to reduce the closer data tag
coupling with the reading device). For example, the data tag’s conductive coil will resonate with
the capacitor inside the data tag’s integrated circuitry. The resonance will allow a higher current
to flow inside the coil than without resonance. The amount of the increase in current due to
resonance is defined by the Quality Factor (Q) of the resonant circuit. In some cases, as
discussed herein, high current flow through a data tag’s conductive coil can interfere with the

communications of other data tags. A reduction in the resonant tag current is expected to reduce
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the interference. The data tag’s desired resonant current can be achieved by changing the
resonant frequency of the data tag (e.g., slightly), which can have the effect of changing the
operating Q of the circuit.

For example, in embodiments in which a resonant frequency of the antenna coil of the
reading device can be about 13.5 MHz to about 13.6 MHz, a resonant frequency of the first data
tag can be about 17 MHz to about 20 MHz and a resonant frequency of the second data tag can
be about 13 MHz to about 14MHz. It shall be understood that the tag resonant frequencies can
deviated from the reading device’s broadcast frequency by being either greater than or less than
the broadcast frequency, e.g. the first data tag’s resonant frequency can alternatively be about 7
MHz to about 10 MHz. In some cases, the first spacing 1809 can be about 1 mm to about 3 mm
and the second spacing 1811 can be about 4 mm to about 6 mm.

The resonant frequencies of the data tags can be adjusted by a variety of factors. For
example, the data tag’s conductive coil and capacitor inside the integrated circuitry (within the
chip) form a series resonant circuit. The resonant frequency of the circuit is achieved when the
capacitive reactance and the inductive reactance magnitudes of the circuit are equal (and cancel),
as shown below in Equation 1. Resonance occurs when 1/joC = joL, which can be solved to

find the resonant frequency as:

1
Eq. I: wg = NI

where o, is the resonant frequency in radians/sec (and o, = 2xf,), C is the capacitance,
and L is the inductance.

Since the capacitance may be fixed based on the integrated circuitry of the chip, a factor
that serves to be adjusted to modify the resonant frequency is the inductance of the conductive
coil. For example, the inductance (e.g., and therefore the resonant frequencies) can be
determined by the number of turns of the conductive coil material. Varying the number of turns
can include varying a number of turns along a single layer coil or a multi-layer coil. In some
examples, the first tag comprises a conductive coil having a first number of turns and the second
tag comprises a second conductive coil having a second number of turns, where the second
number of turns is greater than the first number of turns. For example, a first tag positioned
about 2 mm from a reading device can have a coil of 10 turns and a second tag positioned about
5 mm from the reading device can have a coil of 15 turns.

Additionally or alternatively, the inductance of the conductive coil (e.g., and therefore the
resonant frequencies) can be determined by the diameter of the conductive coil material. An

equation for a simple solenoid is shown below:

uN? (rrdz/4)

Eq.2: L = "
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where p is the permeability of the region containing the magnetic flux, N is the number of turns
of the coil, d is the diameter of the coil, and | is the length of the coil. From the equation it can
be seen that increasing the diameter of the coil will increase the inductance and decreasing the
diameter will decrease the inductance. From equation 1 above, it can be seen that increasing the
inductance will decrease the resonant frequency and decreasing the inductance will increase the
resonant frequency.

Additionally or alternatively, resonant frequencies can be determined by selecting an
integrated circuit (IC) capacitor of the data tags to have different capacitance. For example, to
have a higher resonant frequency, the IC capacitor can have a lower value as seen in Equation 1.
In some embodiments, the first data tag can include a capacitor with a capacitance that is about
20 pico-Faraday (pF) to about 25 pF and the second data tag can include a capacitor with a
capacitance that is about 85 pF to about 105 pF.

Magnetic field inhibiting materials (e.g., metal materials) and the close grouping of tags
near a reading device antenna coil have also been found to interfere with (e.g., inhibit)
communication between the reader device and the data tags. That is, a magnetic field extending
from a reading device antenna coil typically induces currents in conductor material (e.g., metal
material) that it encounters, for example, adjacent the reading device antenna coil. The induced
currents create their own fields which are substantially out-of-phase with the incident field,
thereby creating a net reduction in the field. For example, referring to Figure 19, a reading
device 1904 positioned near (e.g., adjacent) an area of magnetic field inhibiting material (e.g., a
metal material) 1905 can generate and broadcast a skewed (e.g., off center or otherwise
distorted) flux field 1903 due to the presence of the metal material. That is, the volume of metal
material can serve to effectively “push” the flux field. The skewed flux field 1903 has been
depicted, for simplicity purposed in explanation, as a pushed, off-center field. As depicted, the
skewed flux path can fail to align with one or more of data tags 1902 positioned around the
reading device 1904. As a result, communication between data tags 1902 and the reading device
1904 can be inhibited. Therefore, in addition to tuning for improved communication, the data
tags and be selectively positioned in regions of a material processing head that are conducive to
providing a pathway for magnetic flux to travel to generate a magnetic field in which an antenna
coil can be excited and energized (e.g., a flux communication zone).

The flux communication zone can be toroidal in shape. For example, the flux
communication zone can have (e.g., or define) an open space in all directions around the
broadcasting antenna. If the flux communication zone below the antenna (e.g., towards the torch

tip) is blocked by a magnetic field inhibiting material (e.g., metal), it is expected to interfere with
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the flux communication zone on all sides of the antenna (e.g., effectively distorting the flux path
as described herein). Therefore, in some examples, if a data tag is positioned in a +Y direction
(e.g., axial direction positioned proximally (e.g., towards the torch tip)) relative to the reading
device at a distance A from the reading device, then the flux communication zone would be
expected to be at least the distance A in the —Y direction (e.g., the axial direction positioned
distally (e.g., away the torch tip)), +X direction (e.g., the radial direction away from the central
axis), and —X direction (e.g., the radial direction towards from the central axis) for the desired
communication.

Flux communication zones can be created in a material processing head to help improve
communication between the data tags and the reading device by altering the environment in
which the reading device and/or the data tags are disposed. That is, data tags can be “uncovered”
by moving (e.g., removing) metal away from them to allow the flux lines to couple with them.
For example, referring to Figure 20, portions of the magnetic field inhibiting materials 1907
around or adjacent to the data tags 1902 and the reading device 1904 can be removed (e.g., by
machining processes) or can be replaced by another material that is less likely to inhibit the flux
field given off by the reading device, such as a plastic material. Alternatively or additionally,
data tags can also be moved or otherwise positioned within the skewed flux path. For example, a
data tag can be moved closer to the reading device antenna coil so that they are unobstructed by
the presence of metal material and positioned within the skewed flux field.

As illustrated, the reduction in magnetic field inhibiting materials can allow the flux path
1908 to be more centered (e.g., toroidal) about the antenna coil of the reading device 1904 such
that the flux 1908 can be received by the data tags 1902 in a more consistent manner. Better
reception by the data tags can help to improve communications between the reading device and
the data tag.

Additionally or alternatively, flux communication zones can be created in a material
processing head using one or more magnetic field amplifiers to help manipulate the flux
generated by the reading device so that the flux better aligns with the data tags. For example,
referring to Figure 21, a material processing head can include a data tag in a flux communication
zone formed by one or more magnetic field amplifying materials 1909 applied to (e.g., coated or
disposed along) metal components 1905 near or adjacent to the reading device. In some
embodiments, magnetic field amplifying materials 1905 can include a ferrite material, such as a
flux tape material. For example, the amplifying materials can include an EMI absorber, gasket,
or grounding pad. Commercially available products that are expected to be suitable can include
AB7000 or AB5000 series products, such as AB5010S, from 3M™ of St. Paul, Minnesota and
FAM1-100-100-0.2-1A from t-Global Technology' ™ of Thief River Falls, Minnesota.
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Figs. 6A and 6B are flow diagrams illustrating exemplary operations of the
communication network 200 of Fig. 2. Fig. 6A illustrates an exemplary process for assembling
thermal processing torches to include one or more consumables and signal devices (e.g., signal
devices 202, 1202, 1304). Specifically, at step 602, two consumables are provided, with both
consumables manufactured based on the same, or substantially the same, physical specifications.
As a result, the two consumables have identical, or substantially identical, physical
characteristics. A signal device 202, such as an RFID tag, can be coupled to each of the two
consumables. Each signal device 202 can be located on or within the body of the corresponding
consumable. At steps 604A and 604B, the signal device 202 for each consumable is encoded
with data that can be used to determine system configuration settings for operating the
corresponding torch. For example, one consumable can be encoded with data A while the other
consumable can be encoded with data B, where data A and data B can be used to set one or more
operating parameters of the respective thermal processing systems for operating the respective
torches. In some embodiments, data A and data B include different serial numbers assigned to
the respective consumables, which correlate to different values for setting the operating
parameters of the thermal processing systems. Exemplary operating parameters associated with
a thermal processing system include a height of the torch above a workpiece, a flow rate of a
plasma gas through the torch and a cutting program for processing a workpiece using the torch.
At steps 608A and 608B, each consumable manufactured at step 602, along with its respective
signal devices 202, is assembled into a torch.

Fig. 6B illustrates an exemplary process for configuring two thermal processing systems,
such as the thermal processing system 400 of Fig. 4 or the thermal processing system 500 of Fig.
5, in preparation for operating the two torches of Fig. 6A. At steps 612A and 612B, the torches
are mounted into their respective thermal processing systems. With reference to the thermal
process system 500, each torch can be mounted on the gantry 522 above the cutting table 520.
At steps 614A and 614B, receivers 204 of the respective thermal processing systems are used to
read the consumable data encoded in the signal devices 202 of the corresponding consumables.
For example, at step 614 A, a receiver 204 can read data A from the signal device 202 associated
with the consumable of the first torch. At step 614B, another receiver 204 can read data B from
the signal device 202 of the consumable of the second torch. At steps 618A and 618B, the
receivers 204 of the thermal processing systems forward the data to the respective CNC’s of the
thermal processing systems, which set and/or adjust certain parameters of the corresponding
thermal processing systems based on the received data to operate the corresponding torches. In

some embodiments, the difference in the encoded data for the two consumables translates to
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different values for setting the operating parameters of the thermal processing systems, even
though the consumables are physically identical to each other. In some embodiments, the
thermal processing systems assign the same values to the operating parameters despite the
dissimilarity in the encoded data.

In some embodiments, the method described with reference to Fig. 6B is implemented by
a single thermal processing system, which is adapted to set operating parameters of the system
for operating both torches either simultaneously or sequentially (i.e., one torch at a time).

In addition, as one in the art will fully appreciate, the invention described herein is not
only applicable to plasma cutting devices, but also welding-type systems and other thermal
processing systems. In some embodiments, the invention described herein is configured to
operate with a variety of cutting technologies, including, but not limited to, plasma arc, laser, oxy
fuel, and/or water-jet technologies. For example, the signal devices 202 can be coupled to one or
more consumables configured to operate with one or more of the cutting technologies. The
processor 206, using information transmitted by the signal devices 202, can determine whether
the consumables installed in a torch are compatible with the specific cutting technology. In some
embodiments, based on the selected cutting technology and the consumable information, the
processor 206 can set or adjust operating parameters accordingly, such as the height of the
cutting head above the workpiece, which can vary depending on the cutting technology and the
consumables.

As an example, it is known to use water-jet systems that produce high pressure, high-
velocity water jets for cutting various materials. These systems typically function by
pressurizing water or another suitable fluid to a high pressure (e.g., up to 90,000 pounds per
square inch or more) and force the fluid through a small nozzle orifice at high velocity to
concentrate a large amount of energy on a small area. An abrasive jet is a type of water jet,
which can include abrasive materials within the fluid jet for cutting harder materials. In some
embodiments, the signal devices 202 are attached to consumables of a water-jet system, such as
to a water-jet nozzle, an abrasive-jet nozzle, a mixing tube used to mix abrasive particles with
fluid, and/or one or more valves and filters. A signal device 202 associated with an abrasive-jet
nozzle can identify, for example, the types of abrasives suitable for use with the nozzle, the
amount of pressure in the pressurized fluid that can be fed to the nozzle, and can also indicate
other consumables that are suitable for use with a particular nozzle. Identification of particular
consumable set combinations for a given water-jet system can also be performed, to verify
compatibility with a given system or to limit operating conditions and parameters, such as

maximum pressure or flow settings, or abrasive types or amounts.
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In addition to using signal devices, in some aspects, thermal cutting systems (e.g., plasma
arc cutting torches) can also include devices and features that enable detection (e.g.,
identification) of consumable components installed within the torch by directing a gas flow
through the torch (e.g., through a feature of the consumable component) and detecting the
manner in which the gas flow is altered as it flows through the torch and the consumable
component. For example, in some embodiments, a gas flow is directed through features (e.g.,
flow-restriction elements including vent holes or gas exit orifices) arranged on a consumable
(e.g., anozzle). Based on observed changes in one or more fluid flow characteristics (e.g., gas
pressure or flow rate) upstream and downstream of the flow-restriction elements, the size of the
flow-restriction elements, and therefore the consumable itself, can be estimated (e.g., identified).

To monitor gas flow through a torch system, the plasma arc torch system can include
various gas flow detection devices, such as valves, pressure detectors, pressure regulators, gas
flow meters, and other devices, which can all be fluidly connected to one another by gas tubing
(e.g., semi-rigid tubing or flexible hose). Referring to Fig. 7, in some embodiments, a gas
delivery system 700 for delivering gas to a torch (e.g., a torch head) 701 can include a gas supply
(e.g., a compressed air tank or air compressor) 702, a supply off-valve 704, a supply pressure
sensor 706, a supply gas flow detector 708, a supply gas pressure regulator 710, an off-valve
pressure sensor 712, a torch plasma plenum pressure sensor 714, a vent off-valve 716, a torch
vent gas flow detector 718, and a torch vent gas outlet 720. Some or all of these components can
be in communication (e.g., wireless or wired communication) with a control unit (e.g., a
processor within a torch system control unit) for monitoring and controlling the gas delivery
system. Based on the configurations of these various components, gas flows can exit the torch
from one or more different areas. For example, when a gas flow enters the torch head 701, a gas
stream G1 is typically expelled out from the torch head (e.g., via the nozzle orifice). The gas
stream G1 generally includes gas that would typically be used to generate a plasma stream and
process a material. Additionally, for torch systems having a vent system, a second gas stream
G2 can be emitted from the torch via the vent system based on whether or not certain
components of the vent system (e.g., the vent off-valve 716) are opened or closed. In particular,
in some embodiments, a gas stream G2 is emitted from the torch head when the vent off-valve
716 is open. The gas stream G2 can be caused by gas flowing within the various flow channels
and orifices within the torch head (e.g., out of a vent hole in a consumable (e.g., a nozzle)). That
18, as illustrated schematically, gas flow can enter the torch via the off-valve hose and be divided
into the gas stream G1 and the gas stream G2 within the within the torch head while the gas
flows through the consumable components arranged within the torch. For simplicity, the

division of the gas within the torch into the gas stream G1 and gas stream G2 is schematically
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illustrated without showing the consumable components.

The various gas delivery components can be arranged in any number of various different
configurations relative to one another as part of the torch system. For example, in some
embodiments, the gas supply 702 is fluidly connected (e.g., via rigid gas lines) to a torch system
control unit. The supply off-valve 704, supply pressure sensor 706, and supply gas flow detector
708 can all be housed within the torch system control unit. The supply gas pressure regulator
710 and the off-valve pressure sensor 712 can be located separately from the control unit, for
example, disposed on or within a torch gas supply lead line connected to the control unit for
providing gas and electricity to a torch. In some embodiments, the off-valve pressure sensor 712
can be disposed closer to the torch. In some embodiments, the supply gas pressure regulator 710
and the off-valve pressure sensor 712 are arranged near (e.g., within 10 feet of (e.g., within 6 feet
of)) a torch connected to the lead line at an end opposite the control unit. By arranging these
components closer to the torch, gas pressure controlled and monitored within the lead line by the
supply gas pressure regulator 710 and the off-valve pressure sensor 712 can more closely
represent the actual pressure delivered to the torch.

As illustrated, these various components can be connected to one another by any of
various structurally and chemically suitable tubes or hoses. Examples of suitable hoses include
flexible hoses (e.g., flexible plastic or rubber hoses), rigid tubing (e.g., rigid metal, plastic or
composite tubing), or tubing made of a combination of flexible and rigid layers, such as a
flexible hosing having a braided outer component (e.g., a braided sheath). To measure and
control gas pressure within various gas passageways of a torch head, the gas passageways can be
fluidly connected to gas flow measurement devices (e.g., gas pressure or flow sensors).
Alternatively, in some cases, gas flow measurement devices can be arranged within the torch
head.

Referring to Fig. 8, in some embodiments, a torch 800 includes a plasma chamber 802
located at an end of a consumable (e.g., nozzle) 803 having one or more flow-restriction
elements (e.g., a nozzle exit orifice 805 or a nozzle vent hole 807). The plasma chamber 802 can
be fluidly connected to a pressure sensor (e.g., the torch plasma plenum pressure sensor 714) so
that gas pressure within the plasma chamber 802 and/or the plasma plenum 806 can be
monitored and measured. In some cases, the plasma chamber 802 is fluidly connected to the
pressure sensor via the plasma plenum 806 fluidly connected to a vent line 809. During use, gas
(e.g., plasma cutting gas) can be delivered from the gas delivery system 700 to the gas supply
region 804, and then be directed to the plasma plenum 806 (towards the vent hole 807 and vent
system) and/or be directed through orifice 805 expelled out of the torch. In some cases, the

consumable installed within the torch can be identified by directing and monitoring gas flow
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through these flow-restriction elements (e.g., the vent hole 807 and/or the orifice 805).

In some embodiments, consumables can be detected (e.g., identified) by first closing a
torch vent valve (e.g., the vent off-valve 716) to limit gas from flowing out the torch vent system
(e.g., through the plasma plenum 806, nozzle vent hole 807, and vent line 809). With the vent
closed, pressure supplied to the torch can be adjusted (e.g., via the gas regulator 710) to achieve
a predetermined pressure within the plasma plenum (e.g., 4 psig). In some cases, once the
predetermined pressure achieved, the consumable can be identified. For example, in some cases,
the gas flow provided to the torch (e.g., as measured by the supply gas flow detector 708) can be
measured and compared to expected values for different torch consumables to indicate the type
of consumable installed in the torch. For example, measured values can be compared to a lookup
table of previously measured values for various particular consumables. Alternatively or
additionally, in some cases, the pressure of gas flow upstream of the torch that is needed to
achieve the predetermined pressure in the plasma plenum (e.g., as measured by the off-valve
pressure sensor 712) can be measured and used to identify the consumable installed in the torch.
For example, the measured gas pressure can be compared to expected pressure values for
different consumables.

Alternatively or additionally, in some embodiments, once the predetermined gas pressure
is achieved, the vent can be opened (e.g., by opening the vent off-valve 716) and the flow
characteristics can be observed to identify the consumable. When the vent off-valve is opened,
some gas will flow from the plasma plenum, through the nozzle vent hole, and out of the vent
(i.e., the gas stream G2). While the vent is then opened to atmospheric pressure, it is expected
that the plasma plenum pressure will not significantly drop (e.g., will not significantly drop
below the predetermined pressure) so that there will be a certain pressure upstream of the vent
hole (e.g., in the plasma plenum, such as the predetermined pressure), a different (e.g.,
atmospheric) pressure downstream of the vent hole, and a gas flow therethrough. In some cases,
the gas flow through the vent hole can be measured by vent gas flow detector 718 or by supply
gas flow detector 708. In this manner, the pressures upstream and downstream of the flow-
restriction element (e.g., the nozzle vent hole) and the gas flow therethrough can be measured
and used to identify the consumable. For example, the measured values can be compared to
example expected values (e.g., lookup tables of empirical data) associated with different
consumables to identify the consumable.

While certain embodiments of using flow characteristics to identify consumables have

been described, other embodiments are possible.

It should also be understood that various aspects and embodiments of the invention can
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be combined in various ways. Based on the teachings of this specification, a person of ordinary
skill in the art can readily determine how to combine these various embodiments. In addition,
modifications may occur to those skilled in the art upon reading the specification. The present

application includes such modifications and is limited only by the scope of the claims.
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WHAT IS CLAIMED:

1. A consumable for a material processing head for consistent orienting and positioning a
ring-shaped data tag within a material processing head, the consumable comprising:

a body that is substantially axially symmetric about a central longitudinal axis; and

the ring-shaped data tag attached to the body, the data tag having a central axis that is
substantially coaxial to the central longitudinal axis of the body, the data tag comprising a
conductive coil formed around the central axis of the data tag.

2. The consumable of claim 1 wherein the conductive coil and/or the ring-shaped data
tag is symmetric about the central longitudinal axis.

3. The consumable of claim 1 further comprising a chip containing data.

4. The consumable of claim 3 wherein the chip has at least 256 bits of data storage space.

5. The consumable of claim 1 wherein the conductive coil comprises two or more
conductor turns about the central longitudinal axis.

6. The consumable of claim 1 wherein the conductive coil comprises a conductive
material.

7. The consumable of claim 6 wherein the conductive coil comprises a printed circuit.

8. The consumable of claim 1 wherein the conductive coil is formed substantially
symmetrical around the central axis.

9. The consumable of claim 1 wherein the conductive coil encircles the central axis.

10. The consumable of claim 1 wherein the consumable comprises a consumable
cartridge comprising two or more component bodies.

11. The consumable of claim 10 wherein the two or more component bodies comprise at
least a nozzle and an electrode.

12. A replaceable consumable component for a material processing head for consistently
orienting and positioning a ring-shaped RFID tag within the material processing head, the
replaceable consumable component comprising:

a body defining a longitudinal axis and comprising a transmission region that conveys at
least one of: a current, liquid, coolant, gas, light beam, or cutting medium through the body; and

the ring-shaped RFID tag defining a central opening, the tag being coaxially disposed
relative to the longitudinal axis of the body such that the at least one of: the current, liquid,
coolant, gas, light beam, or cutting medium conveyed by the transmission passes through the
central opening of the RFID tag.

13. The replaceable consumable component of claim 12 wherein the RFID tag is

disposed perpendicularly to a central axis of the consumable.
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14. The replaceable consumable component of claim 12 wherein the RFID tag comprises
a chip having memory.

15. The replaceable consumable component of claim 14 wherein the chip contains data.

16. The replaceable consumable component of claim 14 wherein the chip has at least 256
bits of storage space.

17. The replaceable consumable component of claim 12 wherein the RFID tag comprises
a conductive coil formed around the central opening.

18. The replaceable consumable component of claim 17 wherein the conductive coil has
a single turn of a conductive material.

19. The replaceable consumable component of claim 17 wherein the conductive coil
comprises multiple turns of a conductive material.

20. The replaceable consumable component of claim 17 wherein the conductive coil is a
printed circuit.

21. The replaceable consumable component of claim 17 wherein the conductive coil is
disposed perpendicularly to the transmission region.

22. The replaceable consumable component of claim 17 wherein the conductive coil is
formed substantially symmetrical around the central axis.

23. The replaceable consumable component of claim 12 wherein a housing of the RFID
tag is rotationally asymmetrically shaped.

24. A method for reducing communication interference of an RFID communication
system in a material processing torch having a consumable component disposed therein by
providing for consistent orienting and positioning a ring-shaped RFID tag within the torch, the
torch conducting an operating current along a central axis thereof, the method comprising:

providing the ring-shaped RFID tag, coaxially disposed relative to the consumable
component, the tag defining an open central portion and has a conductive coil disposed
substantially around the open central portion;

positioning the consumable component within the torch such that the central axis of the
consumable component is coaxial with the open central portion of the RFID tag;

passing a current along a portion of the central axis of the torch that extends through the
ring-shaped RFID tag; and

generating, by a reader antenna coil within the torch, a tag current through the conductive
coil, the tag current encircling a portion of the central axis of the torch.

25. The method of claim 24 further comprising providing an antenna in the torch for

inducing a current in the RFID tag.
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26. The method of claim 24 wherein the generating the tag current comprises generating
current along a substantially circular path.

27. The method of claim 26 wherein the substantially circular path is formed
substantially symmetrically about the central axis.

28. The method of claim 24 further comprising communicating with the RFID tag.

29. The method of claim 28 wherein the communicating with the RFID tag comprises
reading and writing information to the RFID tag.

30. The method of claim 24 further comprising inserting a second RFID tag having a
second conductive coil within the torch, wherein the second conductive coil is substantially
parallel to the conductive coil of the first tag.

31. The method of claim 24 wherein the reader antenna within the torch comprises a coil
coaxially aligned with the central axis of the torch.

32. A consumable for consistent orienting and positioning a ring-shaped RFID tag within
a material processing head, the consumable comprising:

a body; and

a ring-shaped RFID tag coupled to the body, the RFID tag defining a central axis and
comprising:

a coiled antenna encircling the central axis of the RFID tag for transmitting data from
the RFID tag, and

a chip in communication with the coil, the chip having a storage capacity of at least
60 bits of data.

33. The consumable of claim 32 wherein the storage capacity of the chip is between
about 256 bits and about 900 bits.

34. The consumable of claim 32 wherein data stored on the chip is divided into two or
more segments.

35. The consumable of claim 34 wherein a first segment of the data is locked and a
second segment of the data is unlocked.

36. The consumable of claim 34 where the two or more segments can be locked
independently of one another.

37. The consumable of claim 34 wherein the two or more segments can be locked at
different times.

38. The consumable of claim 34 wherein a first segment of the data comprises
consumable identification data and a second segment of the data comprises data pertaining to the

operation of the consumable.
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39. A material processing head for reducing communication interference between data
tags and an antenna, the material processing head comprising:

a body;

the antenna disposed within the body;

a first tag, associated with a first consumable component, disposed within a flux
communication zone of the body at a first distance from the antenna, the first tag having a first
resonant frequency; and

a second tag, associated with a second consumable component, disposed within the flux
communication zone of the body at a second distance from the antenna, the second tag having a
second resonant frequency that is different than the first resonant frequency,

wherein the first and second resonant frequencies are tuned based upon at least one of: 1)
a difference between the first distance and the second distance; or i1) a characteristic (e.g., shape)
of the flux communication zone in which the first tag and/or the second tag is disposed.

40. The material processing head of claim 39 wherein the second distance is greater than
the first distance.

41. The material processing head of claim 39 wherein the second tag absorbs more
energy available from the antenna than the first tag.

42. The material processing head of claim 39 wherein the second resonant frequency is
closer in frequency to a broadcast frequency than the broadcast frequency.

43. The material processing head of claim 39 wherein the first tag comprises a first coil
having a first number of turns and the second tag comprises a second coil having a second
number of turns, the second number of turns being greater than the first number of turns.

44. The material processing head of claim 39 wherein the first distance and the second
distance are each between Imm and 6mm.

45. The material processing head of claim 39 wherein at least one of the first tag or the
second tag is configured to resonate at about 13MHz.

46. The material processing head of claim 39 wherein at least one of the first consumable
component or the second consumable component is removably coupled to the material
processing head.

47. A method of facilitating communication, and reducing communication interference,
between an RFID tag reader of a material processing head of a material processing system and
two or more RFID tags associated consumable components disposed within the material

processing head, the method comprising:
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positioning a first RFID tag attached to a first consumable component within the material
processing head at a first distance from the RFID tag reader, the first RFID tag having a first
resonant frequency;

positioning a second RFID tag attached to a second consumable component within the
material processing head at a second distance from the RFID tag reader that is greater than the
first distance, the second RFID tag having a second resonant frequency;

broadcasting a reader frequency from the RFID tag reader to the first and second RFID
tags, the reader frequency being closer to the second resonant frequency than to the first resonant
frequency.

48. The method of claim 47 further comprising tuning at least one of: the first resonant
frequency or the second resonant frequency.

49. The method of claim 48 wherein the tuning the at least one of: the first resonant
frequency or the second resonant frequency comprises: 1) selecting a number of turns of a
conductive antenna coil within the first RFID tag or the second RFID tag; ii) selecting a diameter
of the coil of the first RFID tag that is different than the diameter of the coil of the second RFID
tag; or iii) selecting an IC capacitor for the first RFID tag that has a different capacitance than the
capacitor of the second RFID tag.

50. The method of claim 47 wherein the second RFID tag absorbs more energy available
to it from the antenna.

51. The method of claim 47 wherein the first resonant frequency deviates more from the
broadcast frequency than does the second resonant frequency.

52. The method of claim 47 where the first RFID tag comprises a first coil having a first
number of turns and the second RFID tag comprises a second coil having a second number of
turns, the second number of turns being greater than the first number of turns.

53. The method of claim 47 wherein at least one of the first consumable component or
the second consumable component is removably coupled to the material processing head.

54. A material processing head having a consumable component with a ring-shaped
RFID tag, for reducing communication interference between the ring-shaped RFID tag and an
antenna, the processing head comprising:

a processing head body;

the antenna located on or within the body;

a consumable removably installed in the processing head body; and

a ring-shaped RFID tag associated with the consumable and located adjacent a
substantially metallic component, wherein the tag:

a) 1is removable from the processing head body,
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b) comprises a conductive coil that can be energized by the antenna, and
c¢) is located within a flux communication zone defined by at least one of: (a) a
region unobstructed by magnetic field inhibiting materials between the antenna
and the tag, or (b) the presence of a magnetic field amplifier.

55. The processing head of claim 54 wherein the flux communication zone comprises a
toroidal shape.

56. The processing head of claim 54 wherein the material processing head further
comprises a second tag and a consumable within the flux communication zone.

57. The processing head of claim 54 wherein the flux communication zone comprises an
unobstructed flux path between the RFID tag and the antenna.

58. The processing head of claim 54 wherein the magnetic field amplifier comprises a
ferrite material.

59. The processing head of claim 58 wherein the ferrite material comprises a flux tape
material or a ferrite coating,.

60. The processing head of claim 54 wherein a distance between the RFID tag and the
antenna is between 1mm and 6mm.

61. The processing head of claim 54 wherein the RFID tag resonates at about 13MHz.

62. The processing head of claim 54 wherein the region unobstructed by magnetic field
inhibiting materials comprises a region absent of magnetic field inhibiting material.

63. A method for improving RFID communication, and reducing communication
interference, between a data tag of a consumable component of a material processing system and
a data tag reader of a material processing head of the material processing system, the method
comprising:

establishing a flux communication zone in a region of the material processing head
adjacent a site for an antenna coil of the data tag reader by at least one of:

reducing a volume of magnetic field inhibiting materials in the region adjacent the
site for the antenna coil; or

disposing a magnetic field amplifying materials along one or more surfaces of the
magnetic field inhibiting materials in the region surrounding the site for the antenna coil,

the flux communication zone reorienting a magnetic field produced by the antenna coil
disposed in the site to be substantially toroidal about the antenna coil.

64. The method of claim 63 further comprising disposing the consumable component
into the material processing head to position a conductive coil of the data tag within the

reoriented magnetic field of the flux communication zone.
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65. The method of claim 63 wherein the flux communication defines flux path between
the conductive coil of the data tag and the antenna coil of the data tag reader.

66. The method of claim 63 further comprising disposing a second consumable
component having a second data tag into the material processing head to position a second
conductive coil of the second data tag within the reoriented magnetic field of the flux
communication zone.

67. The method of claim 63 wherein the decreasing the volume of magnetic field
inhibiting materials in the region adjacent the site for the antenna coil comprises removing metal
from the material processing head adjacent the site for the antenna coil.

68. The method of claim 63 wherein the decreasing the volume of magnetic field
inhibiting materials in the region adjacent the site for the antenna coil comprises replacing at
portion of the magnetic field inhibiting materials in the region adjacent the site for the antenna
coil with non-conductive materials.

69. The method of claim 63 wherein the magnetic field amplifier comprises a ferrite
material.

70. The method of claim 69 wherein the ferrite material comprises a flux tape material.
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