EP 3 083 170 B1

(19)

(12)

(49)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 3083170 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: B26F 3/00(2006.07) B26D 5/00 (2006.07)
14.10.2020 Bulletin 2020/42 B24C 1/04 200597
Application number: 14816554.1 (86) International application number:
PCT/US2014/070030
Date of filing: 12.12.2014

(87) International publication number:
WO 2015/094973 (25.06.2015 Gazette 2015/25)

(54) IDENTIFICATION OF COMPONENTS IN LIQUID JET CUTTING UNIT
IDENTIFIZIERUNG VON KOMPONENTEN IM SCHNEIDEN MITTELS EINES FLUSSIGEN STRAHLS
IDENTIFICATION D’ELEMENTS DANS LA COUPE AU JET DE FLUIDE
(84) Designated Contracting States: * VANDERGON, Cedar, J.
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB New Brighton, MN 55112 (US)
GRHRHUIEISITLILTLULV MC MK MT NL NO ¢ CHALMERS, Eric, J.
PL PT RO RS SE SI SK SM TR Minneapolis, MN 55419 (US)
* HOFFA, Michael
(30) Priority: 20.12.2013 US 201314135714 Lebanon, NH 03766 (US)
e SHIPULSKI, E., Michael
(43) Date of publication of application: Enta, NH 03750 (US)
26.10.2016 Bulletin 2016/43
(74) Representative: Barker Brettell LLP
(73) Proprietor: Hypertherm, Inc. 100 Hagley Road
Hanover, NH 03755 (US) Edgbaston
Birmingham B16 8QQ (GB)
(72) Inventors:
* LINDSAY, Jon, W. (56) References cited:
Hanover, NH 03755 (US) WO-A2-2009/142941 US-A1-2013 264 317
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent

Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 083 170 B1 2

Description
TECHNICAL FIELD

[0001] Thisdisclosure relates generally toliquid jet cut-
ting systems and more particularly to conveying informa-
tion related to liquid jet cutting system components.

BACKGROUND

[0002] Material processing systems, such as plasma
arc torches and liquid jet systems, are widely used in the
cutting, gouging and/or marking of materials. For exam-
ple, a liquid jet cutting system is configured to cut a work-
piece by applying a jet of liquid, such as water, at high
velocity to rapidly erode the workpiece. A liquid jet cutting
system generally includes a cutting head comprising an
orifice and a nozzle, a high-pressure pump, and a com-
puter numerical controller (CNC). The high-pressure
pump, such as an intensifier pump, can be coupled to
the cutting head to pressurize water or another suitable
liquid to a high pressure (e.g., from 69 MPa-690 MPa
(10,000-100,000 PSI)) and force the liquid through a
small nozzle and orifice of the cutting head to create a
liquid jet with high velocity (e.g., up to 983 m/s (2,200
MPH)). In some applications, an abrasive is introduced
into the liquid jet stream to cut harder materials. The pre-
cise delivery and composition of the liquid jet can be con-
trolled by the CNC. A waterjet system for generating and
delivering fluid jets suitable for processing a workpiece
comprising a cutting head body and a mixing tube is dis-
closed in WO 2009/142941.

[0003] Typically, a liquid jet cutting system includes
multiple consumables, including a nozzle and an orifice.
Each consumable can be selected to achieve optimal
performance (e.g., a maximized lifespan) in view of spe-
cific processing constraints, such as the type of material
being cut. Installing incorrect consumables into a liquid
jet cutting system can result in poor cut quality. In addi-
tion, incorrect consumables can reduce consumable life
and lead to premature consumable failure. Currently, an
operator needs to manually identify the orifice and nozzle
for installation into the cutting head of a liquid jet cutting
system to ensure that the proper combination is used.
The operator also needs to track componentlife manually
or use the CNC to perform such tracking, but with manual
input. Even when correct consumables are installed in a
liquid jet cutting system, it can be difficult for an operator
to configure and optimize system operating parameters
corresponding to the selected consumables. For exam-
ple, the operator needs to check the nozzle to obtain the
realized growth information and manually adjust the kerf
compensation value accordingly prior to cutting.

SUMMARY

[0004] Thus, systems and methods are needed to au-
tomatically detect consumables installed in a liquid jet
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cutting system (e.g., detect incompatible consumables
installed in a liquid jet cutting system). In addition, sys-
tems and methods can be used to automatically adjust
operating parameters to enhance cutting quality and pro-
long consumabile life. In general, systems and methods
are used to efficiently convey information about various
components of a liquid jet cutting system to facilitate op-
erational control and optimization.

[0005] The invention is defined by a system according
to claim 1 and a method according to claim 11.

[0006] Insome embodiments, the liquid jet cutting sys-
tem is a water jet system configured to cut a workpiece.
In some embodiments, the consumable component of
the cutting system comprises one of a nozzle or an orifice.
In some embodiments, the signal device comprises a
radio-frequency identification (RFID) tag. In some em-
bodiments, the signal transmitted by the signal device
identifies at least one feature unique to a type of the con-
sumable component. The type of the consumable com-
ponent can comprise a type of a nozzle or orifice of the
liquid jet cutting system.

[0007] In some embodiments, the body comprises at
least one connection mechanism for coupling the body
to the liquid jet cutting system. In some embodiments,
the signal device is located on a low-pressure region of
the body.

[0008] Insome embodiments, the signal device is con-
figured to record the number of pressure cycles the con-
sumable component has been exposed to. In some em-
bodiments, the signal transmitted by the signal device
comprises instructions for automatically configuring at
least one operating parameter of the liquid jet cutting sys-
tem. The signal transmitted by the signal device can com-
prise at least one of a time or duration of use of the con-
sumable component or a condition of use of the consum-
able component. The condition of use can comprise (i)
an operating parameter or (ii) identification of a second
component for installation into the liquid jet cutting sys-
tem that is compatible with the consumable component.
[0009] In some aspects, a liquid jet cutting system is
provided. The liquid jet cutting system includes at least
one reader, a pump, a cutting head fluidly connected to
the pump and a computing device. The cutting head in-
cludes a cutting head body, a plurality of replaceable
components connected to the cutting head body and de-
fining at least a portion of a conduit for receiving a liquid
jet, and a plurality of signal devices assigned to respec-
tive ones of the plurality of replaceable components. The
plurality of signal devices are configured to communicate
to the reader information associated with the correspond-
ing replaceable components. The computing device is
communicatively coupled to the at least one reader for
receiving the information from the reader.

[0010] In some embodiments, the computing device
comprises atleastone of a computer numerical controller
(CNC) or a pump programmable logic controller (PLC).
The computing device can be configured to automatically
adjust at least one operating parameter of the liquid jet
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cutting system at least in part based on the information
received from the at least one reader. The at least one
operating parameter can be a kerf setting. In addition,
the computing device can be configured to automatically
determine the identities of each of the plurality of replace-
able components at leastin part based on the information
received from the reader.

[0011] In some embodiments, the plurality of replace-
able components comprise a nozzle and an orifice of the
liquid jet cutting system. In such a configuration, the plu-
rality of signal devices can comprise a first signal device
disposed on the nozzle and a second signal device dis-
posed on the orifice. The information transmitted by the
reader can identify at least one of a type of the nozzle or
a type of the orifice.

[0012] In some embodiments, the information trans-
mitted by the reader comprises at least one of a time or
duration of use of the corresponding replaceable com-
ponents. In some embodiments, at least one of the plu-
rality of signal devices comprises an RFID tag. In some
embodiments, the cutting head further comprises a high
pressure liquid inlet. The cutting head can further com-
prises an abrasive inlet.

[0013] According to the invention, the liquid jet cutting
system further comprises a plurality of readers disposed
on the cutting head body for communicating with the plu-
rality of signal devices about the information associated
with the corresponding replaceable components. In ad-
dition, the system can include a plurality of wires con-
nected to the plurality of readers. The plurality of wires
are disposed within the cutting head body. Furthermore,
a connector can be communicatively coupled to the plu-
rality of readers via the wires. The connector can be con-
figured to transmit the information from the plurality of
readers toa CNC or a PLC of the liquid jet cutting system.
The connector can be further configured to convert the
information in the form of an analog signal to a digital
signal.

[0014] Insome embodiments, the liquid jet cutting sys-
tem further comprises an intensifier associated with the
pump for pumping a cutting liquid. The liquid jet cutting
system can also include an accumulator fluidly connect-
ed to the pump.

[0015] In some aspects, a method is provided for op-
erating a liquid jet cutting system. The method includes
installing a replaceable componentinto a liquid jet cutting
head of the liquid jet cutting system. The replaceable
component includes an identification mechanism. The
method further includes communicating information be-
tween the identification mechanism and a reader of the
liquid jet cutting system and adjusting at least one oper-
ating parameter of the liquid jet cutting system based on
the information.

[0016] The method can further comprise determining,
based on the information communicated, at least one of
(i) a period of use of the replaceable component, (ii) a
predicted life expectancy of the replicable component,
(iii) a predicted stroke rate for the pump, or (iv) a kerf
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setting for the liquid jet cutting system. In some embod-
iments, the method further comprises detecting a system
leak by comparing the predicted stroke rate to an actual
stroke rate. In some embodiments, the method further
comprises detecting a poppet failure by analyzing the
predicted stroke rate.

[0017] In some embodiments, the at least one operat-
ing parameter comprises a cutting parameter that is au-
tomatically adjusted based on the information communi-
cated. In some embodiments, the replacement compo-
nent is one of a nozzle or an orifice. In some embodi-
ments, the information communicated identifies a type
ofthe nozzle or orifice. The information can also comprise
at least one of a time or duration of use of the replaceable
component or a condition of use of the replaceable com-
ponent.

[0018] Insome aspects, a method for identifying a con-
sumable of a thermal processing torch can include di-
recting a gas flow through a flow-restriction element as-
sociated with the consumable disposed within the ther-
mal processing torch; determining a first pressure of the
gas flow at a location upstream relative to the flow-re-
striction element; determining a second pressure of the
gas flow at a location downstream from the flow-restric-
tion element; determining a flow rate of the gas flow pass-
ing through the flow-restriction element; and using the
first pressure, the second pressure, and the flow rate to
identify the consumable.

[0019] Embodiments can include one or more of the
following features.

[0020] In some embodiments, determining the first
pressure can include setting the gas flow to a known pres-
sure and determining the flow rate can include measuring
the flow rate. Determining the flow rate can include setting
the gas flow rate to a known value; and determining the
first pressure can include measuring the pressure of the
gas flow. Determining a second pressure of the gas flow
can include establishing the pressure as atmospheric
pressure (e.g., 0 psig). The flow-restriction element can
be an orifice associated with the consumable. In some
cases, the method can also include using a flow coeffi-
cient equation to determine the dimension of the orifice
based the first pressure, the second pressure and the
flow rate. In some examples, the dimension of the orifice
can be correlated to the consumable or a type of the
consumable for identifying the consumable. In some cas-
es, the flow-restriction element can be an exit orifice of
a nozzle. The flow-restriction element can alternatively
or additionally include a vent hole of a nozzle or a swirl
ring. In some cases, different flow-restriction elements
are selected for different types of consumables. In some
cases, the flow-restriction element can include absence
of a vent hole.

[0021] Insome aspects, a method foridentifying a con-
sumable of a thermal processing torch (e.g., a torch that
includes a plasma chamber defined by an electrode and
a nozzle) can include directing an inlet flow of a gas
through a gas supply line to the plasma chamber; ma-
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nipulating at least one of: a) the inlet flow of the gas to
the plasma chamber using a regulator coupled to the gas
supply line until a criterion is reached or b) a vent valve
coupled to a vent line connected to the plasma chamber
to control an outlet flow of the gas from the plasma cham-
ber; determining a first value of at least one operating
parameter of the torch associated with one of the inlet
flow or the outlet flow of the gas; and identifying the con-
sumable based on the first value of the at least one op-
erating parameter.

[0022] Embodiments can include one or more of the
following features.

[0023] In some embodiments, manipulating the vent
valve to control the outlet flow of the gas from the plasma
chamber can include limiting the outlet flow of the gas
from the plasma chamber prior to the criterion being
reached. The method can also include manipulating the
vent valve to permit the outlet flow of the gas from the
plasma chamber through the vent line after the criterion
is reached; determining a second value of the at least
one operating parameter of the torch; and using the first
value and the second value of the at least one operating
parameter to identify the consumable. In some examples,
the at least one operating parameter can include one of
a supply pressure of the inlet flow, a flow rate of the inlet
flow, an off-valve pressure of the inlet flow, or a flow rate
of the outlet flow. In some cases, the supply pressure of
the inlet flow or the flow rate of the inlet flow can be meas-
ured between a gas supply valve and the regulator cou-
pled to the gas supply line, the regulator being positioned
downstream from the gas supply valve. In some cases,
the off-valve pressure of the inlet flow can be measured
by a pressure transducer positioned downstream from
the regulator on the gas supply line. The flow rate of the
outlet flow can be measured at the vent line. The method
can also include using a lookup table to identify the con-
sumable based on the first value, wherein the lookup
table correlates one or more consumables with respec-
tive values of one or more operating parameters. In some
examples, the criterion can include a threshold pressure
value of about 4.0 pound per square inch (psig) in the
plasma chamber. The consumable can be a nozzle hav-
ing at least one metering hole of a unique dimension for
a given nozzle design.

[0024] Insome aspects, a method for identifying a con-
sumable of a thermal processing torch, the torch includ-
ing a plasma chamber defined by an electrode and a
nozzle can include directing an inlet flow of a gas through
a gas supply valve and a gas supply line to the plasma
chamber, where the gas supply line has a regulator and
a plasma off-valve coupled thereto; adjusting the inlet
flow of the gas until a threshold pressure associated with
the plasma chamber is reached; manipulating a vent
valve coupled to a vent line connected to the plasma
chamber to limit an outlet flow of the gas from the plasma
chamber before the threshold pressure value is reached;
determining at least one of: (i) a first value of a pressure
of the inlet flow, (ii) a first value of a flow rate of the inlet
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flow, (iii) a first value of an off-valve pressure of the inlet
flow or (iv) a first value of a flow rate of the outlet flow;
manipulating the vent valve to permit the outlet flow of
the gas from the plasma chamber after the threshold val-
ue is reached; determining at least one of: (i) a second
value of the pressure of the inlet flow, (ii) a second value
of the flow rate of the inlet flow, (iii) a second value of the
off-value pressure of the inlet flow, or (iv) a second value
of the flow rate of the outlet flow; and using the first or
second value of the pressure of the inlet flow, the first or
second value of the flow rate of the inlet flow, the first or
second value of the off-valve pressure of the inlet flow,
or the first or second value of the flow rate of the outlet
flow, or a combination of any two or more such values,
to identify the consumable.

[0025] Embodiments can include one or more of the
following features.

[0026] In some embodiments, the threshold pressure
can be a pressure of about 4.0 pound per square inch
(psig) in the plasma chamber or the vent. The consum-
able can be a nozzle having at least one metering hole
of a unique dimension. The method can include also us-
ing a flow sensor coupled to the gas supply line to meas-
ure the flow rate of the inlet flow, the flow sensor being
positioned between the gas supply valve and the regu-
lator. The method can also include using a flow sensor
coupled to the vent line to measure the flow rate of the
outlet flow, the flow sensor being positioned downstream
from the vent valve. In some examples, the first and sec-
ond values of the pressure of the inlet flow can be meas-
ured upstream from the regulator. In some examples, the
first and second values of the flow rate of the inlet flow
are measured upstream from the regulator. In some ex-
amples, the first and second values of the off-valve pres-
sure of the inlet flow are measured downstream from the
regulator. In some examples, the first and second values
of the flow rate of the outlet flow can be measured at the
ventline. In some examples, manipulating the vent valve
to permit the outlet flow of the gas from the plasma cham-
ber can be performed prior to ignition of the torch.
[0027] Insome aspects, a system for identifying a con-
sumable of a thermal processing torch includes a flow-
restriction element associated with the consumable and
configured to receive a gas flow therethrough; afirst sen-
sor to determine a first pressure of the gas flow through
the flow-restriction element at a location upstream rela-
tive to the flow-restriction element; a second pressure
determining device to establish a second pressure of the
gas flow through the flow-restriction element at a location
downstream from the flow-restriction element; a flow me-
ter for measuring a flow rate of the gas flow passing
through the flow-restriction element; and a processor that
uses the first pressure, the second pressure, and the flow
rate to identify an operating characteristic of the consum-
able.

[0028] Embodiments can include one or more of the
following features.

[0029] In some examples, the system can include at
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least one radio-frequency identification (RFID) tag on, in,
or in communication with, the consumabile for identifying
the consumable. The second pressure determining de-
vice can be a device configured set the second pressure
to atmospheric pressure. For example, the device can
be configured set the second pressure to atmospheric
pressure can include a vent valve. The second pressure
determining device can include a second pressure sen-
sor.

[0030] In some aspects, a torch of a cutting system
configured to identify a consumable installed in the torch
can include a vent passage fluidly connected to a fluid
flow path of the torch; a flow detection device configured
to detect a rate of fluid flow being expelled from the torch
through the vent passage; and a vent valve fluidly con-
nected to the vent passage configured to limit the fluid
flow from being expelled from the fluid flow path of the
torch through the vent passage.

[0031] Embodiments can include one or more of the
following features.

[0032] In some embodiments, the torch can also in-
clude a pressure sensor fluidly connected to the vent
passage, where the pressure sensor is configured to de-
tect a fluid pressure within the vent passage. The fluid
flow path can include a plasma plenum region of the
torch. The vent passage can be fluidly connected to the
fluid flow path by an identifying orifice of the consumable
installed in the torch.

[0033] In one aspect, a method is provided for config-
uring a first thermal processing system and a second
thermal processing system. The method includes provid-
ing afirst consumable for use in a first thermal processing
torch and a second consumable for use in a second ther-
mal processing torch. The first consumable and the sec-
ond consumable have substantially identical physical
characteristics. The first consumable is associated with
a first signal device encoded with first data and the sec-
ond consumable is associated with a second signal de-
vice encoded with second data. The method includes
mounting the first torch with the first consumable in the
firstthermal processing system and the second torch with
the second consumabile in the second thermal process-
ing 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 sec-
ond data by assigning a second value to the parameter.
The second value can be different from the first value.
[0034] In another aspect, a method is provided for as-
sembling a first thermal processing torch and a second
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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 meth-
od includes encoding the first signal device with first data
associated with the first consumable. The first data cor-
relates to a first value of a parameter of a first thermal
processing system for operating the first torch. The meth-
od further includes encoding the second signal device
with second data associated with the second consuma-
ble. 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.

[0035] In other examples, any of the aspects above
caninclude one or more of the following features. Insome
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 cor-
responding first or second consumable. The type of the
corresponding consumable can include a nozzle, a
shield, an electrode, an inner retaining cap, an outer re-
taining 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 con-
sumable. At least one of the first or second data can
transmitted to the corresponding first or second thermal
processing system as a pneumatic signal, a radio signal,
a light signal, a magnetic signal or a hydraulic signal.
[0036] 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 min-
imize 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.
[0037] In some embodiments, the parameter includes
atorch 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 work-
piece. 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 as-
sign a value to each of the set of parameters for operating
the respective first and second torches.

[0038] In some embodiments, the method further in-
cludes providing a first workpiece and a second work-
piece for processing by the first torch and the second
torch, respectively. The first and second workpieces are
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at least substantially the same.

[0039] 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.

[0040] In some embodiments, the first and second
thermal processing systems are the same thermal
processing system.

[0041] Inanother aspect, a method is provided for con-
figuring a thermal processing system. The method in-
cludes 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 fur-
ther includes configuring, by the thermal processing sys-
tem, one or more parameters of the thermal processing
system for operating the torch based on whether the
sensed data satisfies a criterion.

[0042] Insome embodiments, configuring one or more
parameters of the thermal processing system includes
preventing the thermal processing system from operating
the torch if the data does not satisfy the criterion. The
data can identify a manufacturer of the consumable that
does not match a permitted manufacturer.

[0043] 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 process-
ing system.

[0044] In some embodiments, the method further in-
cludes preventing configuration of one or more parame-
ters of the thermal processing system in the absence of
any data sensed by the thermal processing system.
[0045] Insomeaspects, some embodiments may have
one or more of the following advantages. Using the sys-
tems and methods described herein that include identi-
fying thermal processing torch components, such as
plasma torch consumables (e.g., plasma torch nozzles,
shields, retaining caps, or other consumables), by de-
tecting changes in fluid flow (e.g., a drop in fluid pressure
or flow) through features of the consumables, thermal
processing torch systems can identify the consumables
in a less expensive or a less complex manner than some
other consumable identification techniques and process-
es.

[0046] Insome aspects, the systems and methods de-
scribed herein can be used to identify plasma torch con-
sumables without requiring supplemental identifying de-
vices (e.g., visual markings, bar codes, readable infor-
mation tags (RFID tag readers), or other identification
devices). Without requiring supplemental identification
devices, additional systems, such as systems that would
read and interpret the identification devices, such as
camera vision systems, barcode reading systems, or
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RFID reading systems can, in some cases, be omitted
from plasma torch systems, resulting in aless expensive,
less complicated plasma torch system. Additionally, us-
ing the identification systems and methods described
herein, consumables typically need not be modified to
include the identifying devices, resulting in less expen-
sive torch consumables. Further, since the methods de-
scribed herein essentially utilize only geometry of one or
more features of a consumable to identify the consuma-
ble, previously manufactured consumables can be
mounted onto a plasma torch system and identified,
which may not be possible with identification techniques
that utilize supplemental identification devices. That is,
in some cases, the systems and methods described
herein actually identify physical features of the consum-
ables as opposed to merely reading or detecting an iden-
tifying device in or on the consumable.

[0047] It should also be understood that various as-
pects and embodiments of the invention can be com-
bined in various ways. Based on the teachings of this
specification, a person of ordinary skill in the art can read-
ily determine how to combine these various embodi-
ments. 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

[0048] The advantages of the invention described
above, together with further advantages, may be better
understood by referring to the following description taken
in conjunction with the accompanying drawings. The
drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of
the invention.

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

Fig. 2 is a schematic diagram of an exemplary com-
munication network.

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

Fig. 4 is a schematic diagram of an exemplary ther-
mal 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 net-
work of Fig. 2 to control the operation of a thermal
processing torch.
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Figs.6Aand 6B are flow chartsiillustrating 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 plas-
ma arc torch illustrating geometric features within
the plasma arc torch that can be utilized for identify-
ing consumable components installed within a torch.

Fig. 9is aflow chartillustrating an exemplary method
foridentifying a consumable component of a thermal
processing torch by measuring gas flow changes
through a feature of the consumable component.

Fig. 10 is a flow chart illustrating another exemplary
method for identifying a consumable component of
a thermal processing torch by measuring gas flow
changes through a feature of the consumable com-
ponent.

Fig. 11 is a flow chart illustrating another exemplary
method for identifying a consumable component of
a thermal processing torch by measuring gas flow
changes through a feature of the consumable com-
ponent.

Fig. 12 is an example lookup table which can be used
to identify a consumable component based gas flow
characteristics of a thermal processing torch system
in which the consumable component is installed.

Fig. 13 is an exemplary liquid jet cutting system.
Fig. 14 shows an exemplary configuration of the cut-
ting head of the liquid jet cutting system of Fig. 13

that includes a communication network.

Fig. 15 is an exemplary design of a cutting head for
housing an RFID communication system.

Figs. 16a-c are anotherexemplary design of a cutting
head for housing an RFID communication system.

Fig. 17 is yet another exemplary design of a cutting
head for housing an RFID communication system.

Fig. 18 is yet another exemplary design of a cutting
head for housing an RFID communication system.

Fig. 19 is an exemplary process for operating the
liquid jet system of Fig. 13.
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DETAILED DESCRIPTION

[0049] In some aspects, material processing systems
(e.g., liquid jet cutting systems and plasma torch sys-
tems) can automatically identify system components
(e.g., consumable components) and information related
to the components by processing signals transmitted by
one or more signal devices assigned to the components.
[0050] Insome aspects, thermal processing torch sys-
tems (e.g., plasma torch systems) can identify torch com-
ponents (e.g., consumable components) by directing a
fluid flow (e.g., a coolant fluid flow or a plasma gas flow)
through a feature of the consumable and detecting
changes in the flow properties (e.g., fluid pressure and
fluid flow rate) of the fluid flow exiting feature of the con-
sumable.

[0051] Fig. 1is a cross-sectional view of an exemplary
plasma arc torch 100 including a torch body 102 and a
torchtip 104. The torch tip 104 includes multiple consum-
ables, for example, an electrode 105, a nozzle 110, a
retaining cap 115, a swirl ring 120, and a shield 125. The
torch body 102, which has a generally cylindrical shape,
supports the electrode 105 and the nozzle 110. The noz-
zle 110is 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 con-
nected (e.g., threaded) to the nozzle 110. In some em-
bodiments, an outer retaining cap (not shown) is secured
relative to the shield 125. The torch 100 can additionally
include electrical connections, passages for cooling, pas-
sages for arc control fluids (e.g., plasma gas), and a pow-
er supply. In some embodiments, the consumables in-
clude a welding tip, which is a nozzle for passing an ig-
nited welding gas.

[0052] 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 (notshown) for thermally processing (e.g., cut-
ting or welding) the workpiece. It is noted that the illus-
trated 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.

[0053] Different operating processes often require dif-
ferent shield and/or plasma gas flow rates, which require
different sets of consumables. This leads to a variety of
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consumables being used in the field. Using the correct
consumables and matching them appropriately is nec-
essary to achieve optimal cutting performance. Consum-
able mismatch (e.g., using a consumable made for op-
eration at 65 Amps in a torch that is being operated at
105 Amps) can resultin poor consumable life and/or poor
performance of the plasma arc torch.

[0054] Fig. 2 shows an exemplary communication net-
work 200 of the present invention. The communication
network 200 includes one or more signal devices 202,
each assigned to a consumable of a thermal processing
torch, such as the plasma arc torch 100 of Fig. 1. Exem-
plary 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, a signal device 202 is a detector
(e.g., a sensor) for detecting a physical characteristic of
the consumable and transmitting the detected informa-
tion in the form of one or more signals. The communica-
tion network 200 also includes at least one receiver 204
for (i) receiving signals transmitted by the signal devices
202, (ii) extracting data conveyed by the signals, and (iii)
providing the extracted data to a processor 206 for anal-
ysis and further action. The processor 206 can be a digital
signal processor (DSP), microprocessor, microcontrol-
ler, computer, computer numeric controller (CNC) ma-
chine tool, programmable logic controller (PLC), applica-
tion-specific integrated circuit (ASIC), or the like.

[0055] 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 ex-
ample, can include a model number to 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 dis-
tinguish, for example, nozzle Type A, Serial #1 from noz-
zle Type A, Serial #2.

[0056] In some embodiments, information is encoded
to a signal device 202 at the time of manufacture of the
corresponding consumable. Information can also be en-
coded 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 alog can
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be created to predict a failure event or end-of-life event
associated with the consumable.

[0057] Information encoded to a signal device 202 can
also specify operating parameters. 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 relat-
ed 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.

[0058] In some embodiments, a signal device 202 in-
cludes information about the corresponding consumable
independent of a detectable physical characteristic of the
consumable. Examples of detectable physical character-
istics of the consumable include magnetic properties,
surface reflectivity, density, acoustic properties and other
tactile features of the consumable measured by a detec-
torinstalled in the torch. Therefore, examples of consum-
able data independent of a detectable physical charac-
teristic of the consumable caninclude 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 char-
acteristics about the consumable measured or detected
by another device, such as by a sensor. Generally, the
signal device 202 is used mainly for data storage pur-
poses.

[0059] Insome embodiments, the signal device 202 is
located inside or onthe 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 consum-
able. 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 consum-
able and is remote from the consumable once it is in-
stalled 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 oth-
erwise 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
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202 can be coated with a heat protective material to re-
duce 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 com-
ponent, to minimize exposure to thermal energy, radia-
tion, damaging gases (e.g., ozone), and/or high-frequen-
cy energy.

[0060] 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. Insome embodiments, a signal device
202 is writable once, for example, to encode information
about a consumable when the consumabile is first man-
ufactured. In some embodiments, a signal device 202 is
writable multiple times, such as throughout the lifespan
of the corresponding consumable.

[0061] 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 em-
bodiments, the receiver 204 is located in or on the plasma
arc torch 100. For example, the receiver 204 can be lo-
cated in the torch body 102. In some embodiments, the
receiver 204 is at a location external to the torch 100,
such as attached to a power supply module, a gas con-
sole, the processor 206, etc.

[0062] Insomeembodiments, atleastone of the signal
devices 202 is an RFID tag and the receiver 204 is a
reader used to interrogate the RFID tag. In such embod-
iments, the RFID tag includes a microchip for storing in-
formation 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 trans-
mitted by the RFID tag before forwarding the response
to the processor 206. The RFID tag can be either active
or passive. An active RFID tag includes a battery to pro-
duce astronger electromagnetic return signal to the read-
er, thereby increasing the possible transmission distance
between the RFID tag and the reader. The distance be-
tween 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 ex-
ample, the distance between an RFID tagand anantenna
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 an-
tenna 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 be-
cause 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.
[0063] In some embodiments, a signal device 202 is a
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detector (e.g., a sensor) for detecting at least one phys-
ical marker of the consumable for uniquely identifying the
consumable by its type orindividually. The physical mark-
er can be a physical alteration of the consumable, for
example. As shown in Fig. 3, identification of a consum-
able is achieved by altering the geometry of the consum-
able 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 there-
through. 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 identi-
fication of the consumable. In another example as shown
in Fig. 3, an auxiliary vent line 404 that is connected to
avalve and a flow meter is attached to the nozzle 110 to
identify the nozzle 110. The valve is opened prior to plas-
ma 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 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.

[0064] 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 measure-
ment process, a torch height controller is used to deter-
mine 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 con-
sumable into the torch, the height relative to the reference
datum is determined. Therefore, simple calculations in-
volving 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.

[0065] Insome 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 sig-
nals), magnetic signals, pneumatic signals, or hydraulic
signals.

[0066] In some embodiments, a single signal device
202 is assigned to each consumable of a torch to transmit
pertinent information about the corresponding consum-
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able. In some embodiments, two or more signal devices
202 are assigned to the same consumable to transmit
different information about that consumable. For exam-
ple, 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 infor-
mation unique to the consumable itself, such as weight
and usage history of the consumable. In some embodi-
ments, the signal devices 202 in the communication net-
work 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 sin-
gle receiver 204 is used to read signals from all signal
devices 202 in the communication network 200. The
processor 206 thus can simultaneously process data as-
sociated with multiple consumables.

[0067] Fig. 4 is an exemplary thermal processing sys-
tem 300 using the communication network of Fig. 2 to
control the operation of a thermal processing torch, such
as the plasma arc torch 100 of Fig. 1. The plasma arc
torch 100 can include one or more consumables includ-
ing 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
ofthe consumables for transmitting information about the
corresponding consumable to the processor 206 via the
receiver 204. The system 300 also includes a power sup-
ply 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.
[0068] The processor 206 can be located inside or out-
side 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 re-
spective module 304, 306, 308 or 310.

[0069] Based on theinformation collected from the sig-
nal devices 202, the processor 206 can regulate many
plasma system functions simultaneously or near simul-
taneously and in real-time or near real-time. These sys-
tem functions include, but not limited to, start sequence,
CNC interface functions, gas and operating parameters,
and shut off sequences. In some embodiments, the proc-
essor 206 uses consumable information to automatically
set various parameters of the system 300. In some em-
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bodiments, the processor 206 uses consumable infor-
mation 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 col-
lected 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 pow-
er supply 304 for regulating power to the torch 100, (i)
settings of the nesting software 312 for processing a
workpiece, (iii) settings of the gas console 308 for con-
trolling 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.

[0070] In some embodiments, based on the data col-
lected from one or more signal devices 202, the proces-
sor 206 interacts with the nesting software 312 to auto-
matically select a cutting program that sets parameters
for processing a workpiece, such as the cutting speed,
direction, paths, nesting sequences, etc. The cutting pro-
gram 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 manually configure the nesting soft-
ware 312 to create the cutting program for the torch by
supplying information to the software including the type
and thickness ofthe workpiece material being processed,
the type of gas being used, and the current rating of the
consumable set. In particular, the operator needs to man-
ually 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 deter-
mine the appropriate current setting without user input.
[0071] 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, in-
cluding the characteristics of the workpiece being cutand
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 compen-
sations, torch heights, etc. that change with different con-
sumable parts. Thus, after identifying the consumables
using the signal devices 202, the processor 206 interacts
with the generic program file to configure a cutting pro-
gram 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 wheth-
er correct consumables are installed into the torch that
are appropriate for the program. Alternatively, the proc-
essor 206 can instruct the nesting software 312 to auto-
matically set or correct parameters of the program to en-
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hance 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 consum-
able 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.
[0072] In some embodiments, based on the data col-
lected from one or more signal devices 202, the proces-
sor 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 gaug-
es, 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 area 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 moni-
tored 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 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.

[0073] In some embodiments, based on the data col-
lected from one or more signal devices 202, the proces-
sor 206 manipulates the torch height controller 310,
which sets the height of the torch 100 relative to the work-
piece. The torch height controller 310 can include a con-
trol 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 predeter-
mined 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 be-
ginning 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 driv-
ers 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.
[0074] In some embodiments, the processor 206 is
configured to preventthe thermal processing system 300
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from commencing an operation on the workpiece if it de-
termines 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 un-
supported 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.

[0075] 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 manufac-
tured or otherwise supported by an accepted manufac-
turer. For example, the processor 206 can stop torch op-
eration if it does not recognize the manufacturer identifi-
cation, serial number and/or parts number conveyed by
a signal device of a consumable. Hence, the thermal
processing system 300 can be used to detectand prevent
the use of inferior or counterfeit consumables.

[0076] In some embodiments, the processor 206 rec-
ommends 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 com-
ponents of thermal processing system 300. The proces-
sor 206 can suggest suitable types of workpiece for
processing based on the ratings of the installed consum-
able set. The processor 206 can recommend a cutting
sequence that reconciles the settings of the installed con-
sumables with settings provided by the operator.
[0077] Generally, the signal devices 202 can store in-
formation about torch components other than consuma-
bles. For example, the signal devices 204 can store in-
formation 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 easily adapted to store
information about any torch component.

[0078] Fig. 5is 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,
apower 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
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the motor and drivers 306, respectively, of the operating
system 400. In addition, the thermal processing system
500 includes a cutting table 520.

[0079] 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 sys-
tem 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 ther-
mal 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 re-
ceiver 204 can be coupled to the gantry 522 to read sig-
nals from the torch 100 after the torch 100 is installed
into the system 500. The receiver 204 can also be at-
tached to other system components including, for exam-
ple, the CNC 502, the height controller 512, the driver
system 516 or the cutting table 520. In some embodi-
ments, the receiver 204 is mounted inside or on the sur-
face 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 consuma-
bles 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.

[0080] In some embodiments, signal devices 202 as-
sociated 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 respec-
tive torches. The two torches are installed into their re-
spective thermal processing systems, and the receiver
204 of each thermal processing system can receive con-
sumable data from the signal device 202 of each torch.
In some embodiments, based on the different consum-
able 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 work-
pieces 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
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systems to interact with the respective nesting software
312to enable different cutting programs for the two torch-
es 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 sys-
tem can be configured in different manners depending
on the consumable data encoded in the two torches. Ex-
emplary features customizable by a thermal processing
system include: plasma gas flow and timing, shield gas
flow and timing, cutting current and timing, pilot arc initi-
ation and timing, torch height above the surface of awork-
piece and/or torch lateral motion parallel to the surface
of a workpiece.

[0081] In some embodiments, a thermal processing
system is adapted to activate a proprietary process for
operating a torch only after determining that the informa-
tion about one or more consumables in the torch satisfies
certain criteria, such as being manufactured by a specific
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. There-
fore, if the consumables are produced by a different man-
ufacturer and do not have the correct (or any) information
encoded in their signal devices 202, the thermal process-
ing 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 associ-
ated with a signal device 202 or the signal device is de-
fective. Therefore, a configuration process executed by
a thermal processing system can simply involve the sys-
tem 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 ex-
emplary 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.

[0082] 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 202. Specifically,
at step 602, two consumables are provided, with both
consumables manufactured based on the same, or sub-
stantially 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
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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 val-
ues 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 withits respective signal devices 202, is assembled
into a torch.

[0083] Fig.6Billustrates an exemplary process for con-
figuring 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 oper-
ating 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 proc-
ess 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 sys-
tems are used to read the consumable data encoded in
the signal devices 202 of the corresponding consuma-
bles. For example, at step 614A, a receiver 204 can read
data A from the signal device 202 associated with the
consumable of the first torch. At step 614B, another re-
ceiver 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 cer-
tain parameters of the corresponding thermal processing
systems based on the received data to operate the cor-
responding torches. In some embodiments, the differ-
ence in the encoded data for the two consumables trans-
lates to different values for setting the operating param-
eters 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 de-
spite the dissimilarity in the encoded data.

[0084] In some embodiments, the method described
with reference to Fig. 6B is implemented by a single ther-
mal processing system, which is adapted to set operating
parameters of the system for operating both torches ei-
ther simultaneously or sequentially (i.e., one torch at a
time).

[0085] Inaddition, as oneinthe artwill fully appreciate,
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the invention described herein is not only applicable to
plasma cutting devices, but also welding-type systems
and other thermal processing systems. In some embod-
iments, 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 wa-
ter-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 consum-
ables installed in a torch are compatible with the specific
cutting technology. In some embodiments, based on the
selected cutting technology and the consumable infor-
mation, 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.

[0086] As anexample, itis known to use water-jet sys-
tems 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
awater-jet system, such as to a water-jet orifice, a mixing
tube used to mix abrasive particles with fluid, and/or one
or more high pressure cylinders, pump seals or valves.
A signal device 202 associated with a water jet orifice
can, for example, identify the size of the orifice, track the
hours of operation, and can also indicate other consum-
ables that are suitable for use with a particular orifice.
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 set operating
conditions and parameters, such as water pressure, or
abrasive types or amounts.

[0087] Insome aspects, thermal cutting systems, such
as plasma arc cutting torches can include devices and
features that enable detection or identification of con-
sumable components installed within the torch by direct-
ing a gas flow through the torch (e.g., through a feature
ofthe 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 fea-
tures (e.g., flow-restriction elements including metering
holes, vent holes, gas exit orifices, flow distribution pas-
sages, or other features) arranged on a consumable
(e.g., anozzle ora swirlring). Based on observed chang-
es in one or more fluid flow characteristics (e.g., gas pres-
sure or flow rate) upstream and downstream of the fea-
tures, the size of the features, and therefore the consum-
able itself, can be identified. As discussed below, the
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following described methods can also be implemented
using water-jet systems to identify various components
installed in the system.

[0088] To monitor gas flow through a material process-
ing system (e.g., a plasma arc torch system or a water-
jet system), the system can include various gas flow de-
tection devices, such as valves, pressure detectors, pres-
sure regulators, gas flow meters, and other devices,
which can all be fluidly connected to one another by gas
tubing, such as semi-rigid tubing or flexible hose. Refer-
ring to Fig. 7, in some embodiments, a fluid (e.g., gas)
delivery system 700 for delivering gas to a material
processing device (e.g., a torch (e.g., a torch head)) 701
can include a fluid 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 (as
illustrated with a dashed line box, the supply pressure
sensor 706 and the supply gas flow detector 708 can be
a single component (e.g., a pressure compensated flow
meter)), asupply gas pressure regulator 710, an off-valve
pressure sensor 712, typically a vent pressure sensor
(e.g., 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. The gas supply 702 is typically
fluidly connected to a torch system control unit (e.g., a
power supply), which can house the supply off-valve 704,
the supply pressure sensor 706, and the supply gas flow
detector 708 (or the combined pressure compensated
flow meter).

[0089] The supply gas pressure regulator 710 and the
off-valve pressure sensor 712 are typically located sep-
arately from the control unit, for example, disposed on or
within a torch gas supply lead line connected to the con-
trol unit for providing gas and electricity to a torch. In
some cases, 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)) the torch
701 connected to the lead line at an end opposite the
control unit. As discussed below, by arranging these
components closer to the torch 701, gas pressure that is
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 pres-
sure delivered to the torch.

[0090] As illustrated, these various components can
be connected to one another by any of various structurally
and chemically suitable tubes or hoses. Examples of suit-
able 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).
Some or all of these components can be in communica-
tion (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.
[0091] Based on the configurations of these various
components, gas flows can exit the torch from one or
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more different areas. For example, when a gas flow G
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, when the gas flow G
enters a flow restriction element, such as a distribution
hole in a swirlring 727 (shown in schematic form in Figure
7), the gas flow G can be divided into multiple flow chan-
nels to form the gas stream G1 and a second gas stream
G2. Therefore, for torch systems having a vent system,
a second gas stream G2 can be directed by the swirl ring
727 (or a vent hole of a nozzle as mentioned below) and
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. That is, the gas stream G2 can be caused by
gas flowing within the various flow channels and orifices
within the torch head. As illustrated schematically, gas
flow G can enter the torch via the off-valve hose and be
divided into the gas stream G1 and the gas stream G2
within the torch head while the gas flows through the
consumable components arranged within the torch (e.g.,
the swirl ring or the nozzle). For simplicity, the division
of the gas within the torch into the gas stream G1 and
gas stream G2 is schematically illustrated without show-
ing the specific consumable components. Alternatively
or additionally, in some cases, gas flow G is delivered to
a nozzle from a swirl ring and a first portion (e.g., gas
stream G1) can be directed to be expelled from the torch
in the form of plasma gas and a second portion (e.g., gas
stream G2) can be directed through the nozzle through
avent region (as discussed below with respect to Figure
8), on to the flow restriction element, and out of the torch
through a vent passage.

[0092] In some embodiments, a system (e.g., the sys-
tem 700) for identifying a consumable component, such
as a nozzle or a swirl ring, of a thermal processing torch
includes a flow-restriction element (e.g., a nozzle orifice,
a metering hole of a nozzle, a vent hole of a nozzle, or a
gas distribution hole of a swirl ring) that is associated with
the consumable and is configured to receive a gas flow
therethrough, a first sensor (e.g., the off-valve pressure
sensor 712) to determine the pressure of the gas flow
through the flow-restriction element at a location up-
stream relative to the flow-restriction element, a second
pressure determining device to establish a pressure of
the gas flow through the flow-restriction element at a lo-
cation downstream from the flow-restriction element, a
flow meter (e.g., the vent gas flow detector 718) for meas-
uring a flow rate of the gas flow passing through the flow-
restriction element, and a control unit (e.g., processor)
that uses the first pressure, the second pressure, and
the flow rate to identify an operating characteristic of the
consumable.

[0093] Insome cases, the second pressure determin-
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ing device can include a pressure sensor (e.g., the vent
pressure sensor 714) fluidly connected to the torch vent,
which can measure the pressure within the plasma ple-
num, for example, when the vent valve is closed. Alter-
natively or additionally, in some cases, the second pres-
sure determining device includes a vent valve (e.g., the
vent off-valve 716) that is configured to expose the loca-
tion downstream from the flow-restriction element (e.g.,
the torch vent passage)to the atmosphere to setthe pres-
sure to atmospheric pressure. That is, in some cases,
the second pressure is not explicitly measured by one of
the components of the gas delivery system, but is rather
set to atmospheric pressure (e.g., 0 psig). As discussed
below, such a configuration can permit identification of a
consumable using only one pressure sensor when the
region downstream of the flow restriction element can be
exposed to atmospheric pressure, for example, by open-
ing the vent valve 716.

[0094] Additionally, as described above, in some em-
bodiments, the system can include at least one radio-
frequency identification (RFID) tag affixed on, in or in
communication with the consumable for identifying the
consumable.

[0095] To measure and control gas pressure within
various gas passageways of a torch head, the gas pas-
sageways can be fluidly connected to gas flow measure-
ment devices (e.g., gas pressure or flow sensors). Alter-
natively, 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 consum-
able (e.g., nozzle) 803 having a flow-restriction element
(e.g., a nozzle vent identification hole) 805. A plasma
plenum chamber 802 defined within the nozzle can be
fluidly connected to a pressure sensor (e.g., the torch
vent pressure sensor 714) so that gas pressure within
the plasma chamber 802 can be monitored and meas-
ured. For example, when an off-valve pressure sensor
712 fluidly connected to a nozzle vent passage 806
(which is typically fluidly connected to a vent pressure
sensor 714, a vent off-valve 716, and a torch vent gas
flow detector 718) is closed, a pressure lock can be gen-
erated within the nozzle vent 806 and the plasma plenum
chamber 802. Therefore, the common pressure detected
by the vent pressure sensor can indicate the pressure
within the plasma plenum chamber. A gas supply region
804 is typically located at a position upstream from the
consumable 803. During use, gas (e.g., plasma cutting
gas) can be delivered from the gas delivery system 700
to the gas supply region 804 through flow directing pas-
sages of the swirl ring. In the example illustrated, gas
flows into the plasma chamber of the nozzle 803 and at
least a portion of the gas entering the plasma chamber
can flow out of the nozzle 803 through a nozzle vent
region 808 and the vent hole (identification hole) 805. In
such embodiments, the vent passage 806 can be con-
sidered a region that is downstream of the flow restriction
element 805.

[0096] Asdiscussed herein,the gas flow properties ob-

10

15

20

25

30

35

40

45

50

55

15

served at various locations within gas delivery systems
can be used to identify the consumable installed in the
torch. For example, torch gas delivery systems (e.g., the
torch gas delivery system 700) can be used to implement
one or more various torch consumable component iden-
tification methods by manipulating and monitoring gas
flow within the torch system.

[0097] For example, in some aspects, a gas flow (e.g.,
the gas flow G) can be provided to the torch and a vent
off-valve can be closed to establish a predetermined gas
pressure within the plasma plenum and vent passage of
the torch by adjusting a pressure of the gas flow provided
to the torch. With the vent off-valve closed, gas pressure
begins to build within the torch plasma plenum region
and the vent passage line so that gas substantially only
exits through the torch exit orifice (i.e., in the form of the
gas stream G1). Once the predetermined gas pressure
is established within the plasma plenum region and the
vent passage line, the pressure and gas flow rate of the
gas flow directed through the consumable (e.g., the flow
rate upstream of the consumable, such as the flow rate
provided to the swirl ring) can be monitored and meas-
ured. The measured gas flow rates and pressures can
be compared to known (or expected) corresponding gas
flows and pressures for various different consumables.
Based on the comparison to known values as discussed
below in detail in the following examples, the type of con-
sumable installed in the torch can be identified.

[0098] Insomeembodiments, once the predetermined
gas pressure within the plasma plenum and ventpassage
is established, the vent off-valve can be opened to ex-
pose the flow region downstream of the flow restriction
(e.g., the vent passage line) to atmospheric pressure so
that gas can exit the torch through the torch head (gas
stream G1), as well as through the vent (to form gas
stream G2). With the gas stream G1 and the gas stream
G2 flowing from the torch, the pressure and flow rate of
gas directed to the consumable, as well as the gas flow
through the vent can be measured. Similarly, the meas-
ured pressure and gas flow values can be compared to
typical expected values associated with certain consum-
ables to predict what type of consumable is installed in
the torch. The above-described generic consumable
identification methods can be implemented in any of var-
ious configurations.

[0099] Referring to Fig. 9, in some aspects, an exem-
plary method (900) for identifying a consumabile of a ther-
mal processing torch includes first directing a gas flow
through a flow-restriction element associated with the
consumable (e.g., anozzle oraswirlring) disposed within
the thermal processingtorch (902). Forexample, insome
embodiments, gas is delivered to a torch head from a
gas supply (e.g., the gas supply 702) via a gas delivery
system (e.g., theregulator710). The gas can be delivered
to the torch head and directed through the flow-restriction
element, such as an orifice associated with the consum-
able (e.g., an exit orifice of a nozzle (e.g., a plasma exit
orifice), a gas distribution hole of a swirl ring, or another
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vent or metering hole of the consumable). In some em-
bodiments, different flow-restriction elements can be
used to identify different types of consumables. For ex-
ample, when using a nozzle, the flow-restriction element
can include an identifying vent hole or the plasma exit
orifice of the nozzle and when using a shield, the flow-
restriction element can include the vent holes of the
shield. In some cases, a gas distribution hole can be used
to identify a swirl ring.

[0100] In some embodiments, the flow-restriction ele-
ment comprises an absence of a hole, for example, an
absence of a venthole on anozzle. Forexample, anozzle
may not include an identifying vent hole such that when
a vent valve is open, which would be expected to cause
gas flow to begin flowing from the vent hole of the nozzle
and out of the vent, no gas flow is detected by the vent
flow detector. The lack of a detected vent flow when the
vent valve is open would therefore indicate that a con-
sumable without a vent hole is installed in the torch.
[0101] Next, a first pressure can be determined (904).
For example, a pressure of the gas flow at a location
upstream relative to the flow-restriction element can be
determined. In some embodiments, the vent off-valve
716 can be closed to allow a pressure to build within the
ventregion and the plasma plenum, which can also cause
the torch to substantially only produce the gas stream
G1. With the vent off-valve 716 closed, the first pressure
can be manually adjusted, for example using the pres-
sure regulator 710, to set the pressure within the vent
passage and the plasma plenum to a predetermined val-
ue. In some cases, the predetermined pressure value
can be about 4 psig or another predetermined pressure
based on the equipment’s capabilities. Therefore, the
pressure (e.g., the first pressure) of the gas being deliv-
ered to the torch head can be measured once the pre-
determined plasma plenum pressure is established. In
some cases, the off-valve pressure sensor 712 is used
to determine the pressure of gas directed to the flow-
restriction element once the predetermined plasma ple-
num pressure is established. Alternatively, in some em-
bodiments, the vent off-valve 716 can be opened to vent
the region downstream of the flow restriction, such as
downstream of a vent hole of a nozzle to atmospheric
pressure, and the first pressure can be determined (e.g.,
measured) upstream using a sensor (e.g., an off-valve
pressure sensor 712).

[0102] A second pressure is also determined (906). In
particular, the pressure of the gas that has passed
through the flow-restriction element and exits the torch
head can be measured. For example, as discussed
above, in some cases, the vent off-valve can be closed
so that a pressure (e.g., the second pressure) is gener-
ated within the vent region and the plasma plenum. In
particular, the second pressure can be determined by
manually setting the second, downstream pressure (i.e.,
within the non-vented plasma plenum) to a predeter-
mined pressure (e.g., 4 psig), for example, by adjusting
the pressure regulator 710. Alternatively, in some em-
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bodiments, the second pressure is determined by setting
the downstream pressure (e.g., the pressure within the
ventregion) to another known pressure (e.g., atmospher-
ic pressure), for example, by opening the vent off-valve
716 to open the vent passage to the atmosphere.
[0103] Withthefirstand second pressuresdetermined,
a flow rate of the gas flow passing through the flow-re-
striction element can be determined (908). For example,
in some embodiments, a flow rate of gas provided to the
torch can be measured, for example, using the flow de-
tector 708. Alternatively or additionally, a flow rate of gas
exiting the torch head through the vent (i.e., the gas
stream G2) can be measured, for example, using the
vent flow detector 718.

[0104] Then, using the detected first pressure, second
pressure, and flow rate, the consumable can be identified
(910). For example, once the gas pressures upstream
and downstream of the flow-restriction element are de-
termined and the flow rate of gas exiting the torch through
the vent off-valve (i.e., the gas stream G2) is determined,
the consumable can be identified (estimated) by access-
ing a look-up table. In some cases, a look-up table can
include a listing of multiple torch consumables that are
defined by their respective expected flow characteristics
that would be produced using the identification methods
described herein. In some cases, the look-up table can
be electronically stored in a memory device of the torch
control unit and accessed by the processor to identify the
consumable (e.g., automatically identify). Briefly refer-
ring to Figure 12, in some embodiments, a lookup table
1300 can include expected values for plasma gas flow
rates (e.g., as measured by the flow detector 708), plas-
magas pressure (e.g., as measured by the off-valve pres-
sure sensor 712), vent gas flow rates (e.g., as measured
by the vent flow detector 718), and plasma plenum pres-
sure (e.g., as measured by the plenum pressure sensor
714). Example values are provided for a variety of differ-
ent consumables (e.g., nozzles), which can be described
according to a cutting process in which they are used
(e.g., 400 amp (A) mild steel (MS), 260A MS, 200A MS,
130A MS, 80A MS, 50A MS, and 30A MS in the example
chart listed). Using the lookup table 1300 and the exam-
ple pressure and flow detection methods described here-
in, the type of consumable installed in the torch can be
determined (estimated).

[0105] In some embodiments, the methods described
herein can also include using a flow coefficient equation,
which is used to describe the relationship between the
pressure drop across an orifice and the corresponding
flow rate through the orifice, to determine a dimension
(e.g., a characteristic dimension, such as average width
(e.g., average diameter)) of the orifice based the first
pressure, the second pressure and the flow rate. For ex-
ample, by knowing the pressure of fluid entering the or-
ifice (e.g., the first pressure), the pressure of the fluid
exiting the orifice (e.g., the second pressure), and the
flow rate of fluid passing through the orifice, the flow co-
efficient can be calculated using commonly used flow
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coefficient equations. For example, alternatively orin ad-
dition to using the determined first pressure, second pres-
sure, and flow rate to reference a look-up table to identify
aconsumable, in some embodiments, a control unit (e.g.,
a processor) can use the flow coefficient equations to
determine what type of consumable is installed in the
torch, for example, based on calculating and comparing
the estimated flow-restriction element (e.g., orifice) di-
mension to known or expected flow-restriction element
(e.g., orifice) sizes for different consumable types.
[0106] Referring to Fig. 10, other methods, such as
example method (1000) can also be implemented to
identify a consumable of a thermal processing torch hav-
ing a plasma chamber defined by an electrode and a
nozzle. As described below, various methods can include
adjusting gas flow through the consumable and monitor-
ing the effect of the adjustments on flow characteristics
observed upstream and/or downstream of the consum-
able.

[0107] For example, first, an inlet flow of a gas can be
directed through a gas supply line to the plasma chamber
(1002). For example, gas can be delivered to a gas de-
livery system (e.g., the system 700) from a gas supply
(e.g., the gas supply 702) through a gas supply line (e.g.,
alead line) to a plasma torch.

[0108] With gasbeingdelivered, atleast one of several
gas flow characteristics can be manipulated (e.g., adjust-
ed) (1004). For example, in some embodiments, the inlet
flow of the gas to the plasma chamber can be manipu-
lated using a pressure regulator (e.g., the regulator 710)
coupled to the gas supply line until a criterion, such as a
threshold pressure including a threshold plasma pres-
sure is reached (1006). That is, if a vent valve (e.g., the
vent valve 716) is already closed (based on use of the
torch), the regulator can be adjusted until the criterion
(e.g., threshold plasma pressure value) is established.
The threshold plasma pressure value can be chosen
based on the capabilities of the gas delivery system. For
example, in some cases, the threshold pressure value is
about 4.0 pound per square inch (psig).

[0109] Alternatively or additionally, a vent valve (e.g.,
the vent off-valve 716) coupled to a vent line connected
to the plasma chamber can be manipulated to control an
outlet flow of the gas from the plasma chamber (1008).
That is, in some embodiments, a previously open vent
valve can be manipulated (e.g., closed) to control the
outlet flow of the gas from the plasma chamber to limit
or prevent the outlet flow of the gas from the plasma
chamber via the vent system prior to the criterion being
reached. For example, the vent valve can be closed to
limit the outlet flow of the gas from the plasma chamber
(e.g., substantially eliminating the gas stream G2) so that
the plasma plenum pressure can build to the threshold
plasma plenum pressure value. Alternatively or addition-
ally, in some embodiments, the vent valve can be opened
to vent the vent region downstream of the flow restriction
to establish the downstream pressure to be atmospheric
pressure.

10

15

20

25

30

35

40

45

50

55

17

[0110] Next, a first value of an operating parameter of
the torch associated with one of the inlet flow or the outlet
flow of the gas can be determined (1010). The operating
parameter can include any of various gas flow properties,
such as a pressure or flow rate into or out of the consum-
able. For example, in some embodiments, the at least
one operating parameter can include a supply pressure
ofthe inletflow (e.g., as measured by the supply pressure
sensor 706), a flow rate of the inlet flow (e.g., as meas-
ured by the supply flow detector 708), an off-valve pres-
sure of the inlet flow (e.g., as measured by the off-valve
pressure sensor 712), or a flow rate of an outlet flow (e.g.,
the flow rate measured at the vent line (e.g., by the torch
vent gas flow detector 718) or the plasma gas flow rate).
In some cases, the supply pressure of the inlet flow or
the flow rate of the inlet flow can be measured (e.g.,
measured using the supply pressure sensor 706) be-
tween a gas supply valve and the regulator (for example,
when the regulator is positioned downstream from the
gas supply valve) coupled to the gas supply line. In some
embodiments, the off-valve pressure of the inlet flow is
measured by a pressure transducer, such as the off-valve
pressure sensor 712 positioned downstream from the
regulator on the gas supply line.

[0111] Then, based on the first value of the operating
parameter, the consumable can be identified (1010). For
example, a lookup table that correlates one or more con-
sumables with respective values of one or more operat-
ing parameters can be used to identify the consumable
based on the first value of the operating parameter. For
example, the lookup table 1300 as discussed above can
be used to identify a consumable installed in the torch.
[0112] In some cases, the method 1000 also includes
manipulating (e.g., opening) the vent valve to permit the
outlet flow of the gas from the plasma chamber through
the ventline after the criterion is reached (e.g., to produce
the gas stream G2) and determining a second value of
the operating parameter. Then, the first value and the
second value of the observed operating parameter can
be used toidentify the consumable. Forexample, insome
embodiments, the vent valve can be first closed so that
substantially only the gas stream G1 exits the torch and
pressure can build within the plasma plenum to the
threshold pressure value (e.g., 4 psig) by adjusting a sup-
ply pressure regulator (e.g., regulator 710). With the cri-
terionreached (i.e., the threshold pressure value reached
within the vent passage line and the plasma plenum) and
the first value of the plasma gas flow or the off-valve
pressure (e.g., as measured by the pressure sensor 712)
determined, the vent valve can be manipulated (e.g., par-
tially or fully opened) so that the downstream vent region
becomes exposed to atmospheric pressure and thereby
produces the gas stream G2.

[0113] With the vent valve opened, a second value of
the operating parameter can be measured. Thatis, when
the vent valve is opened and both the gas streams G1
and G2 are being expelled from the torch, the various
operating parameters (e.g., the supply pressure of the
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inlet flow, the flow rate of the inlet flow, the off-valve pres-
sure of the inlet flow, or the flow rate of an outlet flow
(e.g., G1 and/or G2)) are expected to change as a result
of the additional gas flows. Therefore, the second value
of the operating parameter and/or the difference or other
change between the first and second values can be used
to identify the consumable disposed within the torch, for
example, using a lookup table.

[0114] Insome cases, the consumable can be anozzle
having at least one metering hole of a unique dimension
foragivennozzle design. Thatis, different nozzle designs
(e.g., nozzles designed for different material types or cur-
rent values) can include differently sized metering holes,
which can be determined using these methods. For ex-
ample, a particular product line of nozzle, for example an
entire line of gouging nozzles, piercing nozzles, or fine
cut nozzles can all include the same configuration (e.g.,
the same size) metering holes.

[0115] Additionally, in some aspects, another example
method (1100), as shown in Fig. 11, can be implemented
for identifying a consumable, such as a nozzle or a swirl
ring, of a thermal processing torch having a plasma
chamber defined by an electrode and a nozzle.

[0116] First, an inlet flow of a gas can be directed
through a gas supply valve (e.g., the supply off-valve
704) and a gas supply line to the plasma chamber of the
torch (1102). For example, in some embodiments, the
gas supply line caninclude a regulator (e.g., the regulator
710) and a plasma off-valve (e.g., the off-valve 704) cou-
pled thereto to deliver gas to the torch.

[0117] Next, the inlet flow of the gas can be adjusted
until a threshold pressure associated with the plasma
chamber is reached (1104). For example, the regulator
can be adjusted to change the pressure within the plasma
chamber. In some embodiments, the threshold pressure
is a pressure of about 4.0 pound per square inch (psig)
inthe plasma chamber. As discussed above, a vent valve
(e.g., the vent off valve 716) coupled to a vent line con-
nected to the plasma chamber can be manipulated (e.g.,
adjusted) to limit or prevent an outlet flow of the gas from
the plasma chamber before the threshold pressure value
is reached (1106). For example, in some cases, the vent
valve can be closed (eliminating the gas stream G2) so
that pressure can build within the plasma plenum and
the threshold can be reached.

[0118] Once the threshold pressure is reached, a flow
characteristic can be determined (1108). For example,
in some embodiments, at least one of: (i) a first value of
a pressure of the inlet flow (e.g., as measured by the
pressure sensor 706) (1110); (ii) a first value of a flow
rate of the inlet flow (e.g., as measured by flow detector
708) (1112); (iii) a first value of an off-valve pressure of
the inlet flow (e.g., as measured by the off-valve pressure
sensor 712) (1114); or (iv) a first value of a flow rate of
the outlet flow (e.g., as measured by the vent flow detec-
tor 718) (1116) can be determined.

[0119] After the first value of the flow characteristic is
determined, the vent valve can be adjusted (e.g., manip-
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ulated) to permit the outlet flow of the gas from the plasma
chamber (1118). For example, in some embodiments,
after the threshold value has been reached and the flow
characteristic has been measured, the vent valve can be
opened (e.g., partially or fully opened) to permit an outlet
flow of gas from the plasma chamber (e.g., through the
flow restriction element and downstream of the flow re-
striction element out of the vent passage). Thatis, open-
ing the vent valve can cause the torch to begin expelling
the gas stream G2 from the torch. In some cases, ad-
justing (e.g., manipulating) the vent valve to permit the
outlet flow of the gas from the plasma chamber is per-
formed prior to ignition of the torch.

[0120] The opening of the vent valve is expected to
alter the flow characteristics of the torch system based
on some of the gas entering the torch being expelled as
the gas stream G2. Therefore, with the outlet flow of gas
from the plasma chamber, at least one of various flow
characteristics can be determined (e.g., re-measured)
(1120). For example, at least one of: (i) a second value
of the pressure of the inlet flow (1122), (ii) a second value
of the flow rate of the inlet flow (1124), (iii) a second value
of the off-value pressure of the inlet flow (1126), or (iv) a
second value of the flow rate of the outlet flow (1128) can
be determined.

[0121] Then, using the first and/or second values of
the measured flow characteristics, the consumable can
be identified (1130). For example, the measured flow
characteristics can be referenced to a lookup table (e.g.,
the lookup table 1300, as shown in Fig. 12).

[0122] Additionally, one or more of the steps or fea-
tures of the various methods described herein can be
implemented in a variety of combinations with one an-
other for identifying torch consumables.

[0123] While many of the systems and methods herein
(e.g., the method 900, the method 1000, and the method
1100) have generally been described and illustrated as
being used and implemented primarily in association with
plasma arc torches, they can also be implemented with
other material processing systems, such as water-jetsys-
tems. For example, during use, fluids, such as gases or
liquids (e.g., water) can be directed to one or more com-
ponents of a water-jet cutting system, such as a water-
jet orifice, a mixing tube used to mix abrasive particles
with fluid, and/or one or more high pressure cylinders or
pump components to generate the high velocity water
flow used to cut material. As with the plasma arc torches
discussed above, the fluids can be directed through one
or more of these components in accordance with the
methods described herein to identify the consumables
installed in the water-jet system. For example, fluid pres-
sure and/or flow rate can be monitored upstream and
downstream of the water-jet orifice to identify the type of
orifice installed in the system.

[0124] In some aspects, a liquid jet cutting system
(e.g., a water jet cutting system) can automatically iden-
tify system components (e.g., consumable components)
and extract performance information related to the com-
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ponents by processing signals transmitted by one or
more signal devices assigned to the components.
[0125] Fig. 13 shows an exemplary liquid jet cutting
system 1300 that includes a computer numerical control-
ler (CNC) 1302, a positioning device 1304, a cutting head
1306, a high-pressure pump 1308, a high pressure tubing
1310 and an optional abrasive delivery system 1312. The
CNC 1302 is configured to automate and optimize a cut-
ting operation. It serves as an operator’s interface with
the cutting system 1300 and can include hardware and/or
software to enable cutting parameter and pump setting
adjustments. The CNC 1302 also controls the motion of
the positioning device 1304 (e.g., a XYZ cutting table,
robotics, conveyor system, etc.) that is configured to po-
sition a workpiece and/or the cutting head 1306 for pre-
cise cutting. The abrasive delivery system 1312 can in-
teract with the CNC 1302 to meter a precise amount of
abrasive for injection into the liquid jet stream.

[0126] The high-pressure pump 1308 is configured to
generate an ultra-high pressure liquid flow for delivery to
the cutting head 1306 via the high-pressure tubing 1310.
To achieve a high pressure, the high-pressure pump
1308 can include an intensifier (not shown) comprising
a dual-head reciprocating pump typically driven by the
output from a hydraulic pump. In this arrangement, hy-
draulic fluid is cyclically applied to opposed sides of a
relatively large diameter "piston" where the piston has
attached to it first and second oppositely directed plung-
ers of relatively smaller diameter and that fit within op-
positely directed cylinders. In operation, during a pres-
sure stroke in one cylinder, water is drawn through a low
pressure poppet into the other cylinder during its suction
stroke. Thus, as the hydraulic piston and plunger assem-
bly reciprocates back and forth, it delivers high pressure
water out of one side of the intensifier while low pressure
water fills the opposite side. In some embodiments, an
attenuator or an accumulator (not shown) is fluidly cou-
pled to the intensifier to buffer out pressure fluctuation
caused by the reversal of the intensifier.

[0127] Fig. 14 shows an exemplary configuration of the
cutting head 1306 of the liquid jet cutting system 1300 of
Fig. 13 that includes a communication network. In gen-
eral, the cutting head 1400 of Fig. 14 serves several func-
tions, including but not limited to creating a high velocity
jet of liquid capable of cutting, providing a conduit for
introducing a liquid jet to a workpiece, introducing addi-
tive(s) to the liquid jet, and centering the liquid jet for
precise, accurate positioning in relation to the workpiece.
As shown, the cutting head 1400 includes an orifice as-
sembly 1402 (or "orifice" as these terms are interchange-
able herein) for receiving high pressure liquid from the
pump 1308 via the inlet 1401 and allowing the liquid to
exit from a small opening at supersonic speed. The size
of the orifice opening varies depending on the material
property and thickness of the workpiece being cut and is
usually between 0.003 to 0.025 inch. The orifice assem-
bly 1402 can include an orifice gem (not shown), an orifice
holder (not shown), and an orifice retainer (not shown).
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The cutting head 1400 also includes an abrasive inlet
1404 for introducing an abrasive for mixing with the fluid
from the orifice assembly 1402, where the mixing of the
fluid and the abrasive can take place ata mixing chamber
1406 of the cutting head 1400 situated below the orifice
assembly 1402. In operation, a liquid jet from the orifice
assembly 1402 is adapted to move quickly through the
mixing chamber 1406 such that a Venturi effect can be
created, where the liquid pulls the abrasive into itself.
The cutting head 1400 further includes a nozzle 1408 for
receiving the liquid from the chamber 1406. The nozzle
1408 can function as a mixing tube by providing an elon-
gated space (e.g., 3 to 4 inches) for the liquid and abra-
sive to mix prior to reaching the workpiece. Thus, the
orifice assembly 1402 and the nozzle 1408 define at least
a portion of the conduit for receiving the liquid jet and
introducing the liquid jet to a workpiece. The orifice as-
sembly 1402, the nozzle 1404 and the mixing chamber
1406 can be consumable components as they are sub-
ject to erosion by the liquid passing therethrough and
therefore need to be replaced periodically.

[0128] Fig. 14 also shows a communication network
associated with the cutting head 1400. The communica-
tion network includes one or more signal devices 1410
(e.g., 1410a and 1410b), each assigned to a consumable
component of the cutting head 1400 (e.g., the orifice as-
sembly 1402 and the nozzle 1408). For example, signal
device 1410a can be assigned to the orifice assembly
1402 and signal device 1410b can be assigned to the
nozzle 1408. Each signal device 1410 can transmit a
signal associated with the consumable component to a
receiver 1414. Each signal device 1410 can be an elec-
trically writable device configured to transmit information
about the respective consumable in the form of one or
more signals. Each signal device 1410 can be substan-
tially the same as the signal devices 202 of FIG. 2. For
example, each signal device 1410 can be a radio-fre-
quency identification (RFID) tag or card, bar code label
or tag, integrated circuit (IC) plate, or the like. In some
embodiments, a signal device 1410 is a detector (e.g., a
sensor) for detecting a physical characteristic of the con-
sumable and transmitting the detected information in the
form of one or more signals. The communication network
also includes at least one receiver 1414 for i) receiving
signals transmitted by at least one of the signal devices
1410, ii) extracting data conveyed by the signals, iii) pro-
viding the extracted data to a processor 1416 for analysis
and further action and (iv) writing data to one or more of
the signal devices as instructed by the processor 1416.
The processor 1416 can be a digital signal processor
(DSP), microprocessor, microcontroller, computer, com-
puter numeric controller (CNC) machine tool, program-
mable logic controller (PLC), application-specific inte-
grated circuit (ASIC), or the like. The processor can be
integrated with the CNC 1302 or can be a stand-alone
computing device.

[0129] Insome embodiments, each signaldevice 1410
is encoded with information pertaining to the consumable
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to which the signal device 1410 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 ex-
ample, can include a model number to generally indicate
the type of the consumable, such that the consumable
is an orifice assembly or a nozzle. In some embodiments,
the encoded information is unique to the consumable,
such as material composition of the consumable, weight
and/or size of opening of the consumable, date, time
and/or location at which the consumable was manufac-
tured, personnel responsible for the consumable, and
the like. As an example, the encoded information can
provide a serial number, which is unique to each con-
sumable component manufactured, to distinguish, for ex-
ample, nozzle Type A, Serial #1 from nozzle Type A,
Serial #2. As another example, the signal device 1410a
can store information related to the opening size of the
orifice assembly 1402 and the signal device 1410b can
store information related to the opening size of the nozzle
1408. Generally, information encoded in each signal de-
vice 1414 can be substantially similar to the information
encoded in the signal devices 202 of FIG. 2.

[0130] In some embodiments, information is encoded
to a signal device 1410 at the time of manufacture of the
corresponding consumable. Information can also be en-
coded to a signal device 1410 during the lifetime of the
consumable, such as after each consumable use. En-
coded information can include the date, time, duration,
and location of consumable use, any abnormalities de-
tected during use, and/or consumable conditions after
use so that a log can be created to predict a failure event
or end-of-life time frame associated with the consumable.
Recorded information can also include the number of
pressure cycles the consumable has been exposed to or
can be exposed to. As an example, the signal device
1410a can track the number of hours of operation of the
orifice assembly 1402 and thus allow the processor 1416
to determine or predict when the orifice assembly 1402
exceeds warranty or approach end of life. Similarly, the
signal device 1410b can track usage of the nozzle 1408
to predict warranty expiration and/or end of life time
frame.

[0131] Information encoded to a signal device 1410
can also specify operating parameters and/or instruc-
tions that allow the processor 1416 to automatically con-
figure at least one operating parameter of the liquid jet
cutting system 1300. As an example, due to the use of
abrasive in the liquid jet, the opening of the nozzle 1408
may grow with time, thus affecting quality of cutting op-
erations. Therefore, the signal device 1410b associated
with the nozzle 1408 can store the size of the opening of
the nozzle 1408, thus allowing the processor 1416 to
predict its growth and, according to the invention, auto-
matically adjust certain operating parameters, including
the kerf setting, to compensate for the predicted growth.
As another example, the size of the opening of the orifice
assembly 1402is correlated to the stroke rate ofthe pump
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1308 that creates a stream of high pressure liquid. Hence,
the processor 1416 can use the orifice size information
stored in the signal device 1410a to predict the pump
stroke rate. For example, the processor 1416 can use
the predicted stroke rate to diagnose the health of the
pump 1308 by comparing the predicted stroke rate to the
actual stroke rate measured. If the actual stroke rate is
faster than the predicted rate, it can indicate any number
of adverse conditions, including but not limited to, a high
pressure leak, a blown orifice, bleed down valve failure,
poppet leak or failure, accumulator leak, and/or internal
check valve failure. For example, a high pressure leak,
blown orifice, bleed down valve failure, or leak in the ac-
cumulator can cause the intensifier to stroke too quickly
in both directions. A poppet leak or failure can cause the
intensifier to stroke too quickly in one direction. In gen-
eral, poppets can fail from debris preventing closure, ex-
cessive lubrication of parts resulting in contamination,
and/or wear. In other examples, information stored on
each or both of the signal devices 1410 can be used by
the processor 1416 to perform the following adjustments:
(i) adjust the composition/amount of additives into the
liquid jet by interacting with the abrasive delivery system
1312, (ii) adjust the positioning of the workpiece in rela-
tion to the cutting head 1306 by adjusting the positioning
device 1304, and/or (iii) change the stroke rate of the
pump 1308. In some embodiments, the combination of
information stored in the signal devices 1410 allows the
processor 1416 to set up one or more of the cutting pa-
rameters automatically so as to optimize the efficiency
and maximize the lifespan of the nozzle 1408 and/or or-
ifice assembly 1402.

[0132] In some embodiments, encoded data of signal
devices 1410 provides information about other related
system components. For example, encoded data can
identify other system components that are compatible
with the assigned consumables, thereby assisting with
the installation of the entire consumable set in a liquid jet
cutting system to achieve certain performance metrics.
For example, the processor 1416 can use orifice-related
information stored in signal device 1410a or nozzle-re-
lated information stored in signal device 1410b to select
the appropriate type of pump 1308 that creates a cutting
jet of sufficiently high pressure or to select an appropriate
type of abrasive to introduce to the jet stream. The proc-
essor 1416 can also use orifice-related information
stored in signal device 1410a to select the appropriate
type of nozzle 1408 or vice versa.

[0133] . In some embodiments, a signal device 1410
is writable once, for example, to encode information
about a consumable when the consumable is first man-
ufactured. In some embodiments, a signal device 1410
is writable multiple times, such as throughout the lifespan
of the corresponding consumable.

[0134] In some embodiments, each of the signal de-
vices 1410islocatedinside of the cutting head 1400 (e.g.,
on an interior surface of the cutting head body) and/or
on a consumable component of the cutting head 1400.
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For example, a signal device 1410 can be attached to a
surface of a consumable thatis ultimately installed inside
of the cutting head 1400. A signal device 1410 can also
be attached to a component inside of the cutting head
1400 other than the assigned consumable. In some em-
bodiments, a signal device 1410 is coupled to an external
source that is not physically associated with the cutting
head 1400. For example, the signal device 1410 can be
attached to a package used to store the consumable and
is remote from the consumable once it is installed in the
cutting head. In an exemplary configuration, the signal
device 1410a for storing information about the orifice as-
sembly 1402 is located on a surface of the orifice assem-
bly 1402 (e.g., mounted on the surface of the orifice hold-
er) while the signal device 1410b for storing information
about the nozzle 1408 is located on the surface of the
nozzle 1408. In addition, both signal devices 1410 can
be placed in low pressure regions of the cutting head
1400 to minimize exposure to high pressure liquid during
cut operations.

[0135] In some embodiments, a signal device 1410 is
designed to be durable, i.e., functional during and after
one or more cutting operations. For example, the signal
device 1410a can be sufficiently robust to withstand ul-
trasonic cleaning of the orifice assembly 1402 to remove
deposits. In some embodiments, certain cleaner is used
to avoid harming the signal device 1410a. In some em-
bodiments, a signal device 1410 is disposable after each
cutting operation or after several operations.

[0136] Each of the signal devices 1410 can wirelessly
transmit its stored information to the receiver 1414 in the
form of one or more signals. In general, the receiver 1414
can be substantially similar to the receiver 204 of FIG. 2.
The receiver 1414 is adapted to process signals from
each signal device 1410 to extract pertinent data about
the consumable corresponding to the signal device 1410
and forward the data to the processor 1416 for analysis.
In some embodiments, the receiver 1414 is located in or
on the cutting head 1400. For example, the receiver 1414
can be located in the cutting head 1400 close to the signal
device 1410, such as on the body of the abrasive inlet
1404 and/or on an internal surface of the cutting head
body. In some embodiments, the receiver 1404 is at a
location external to the cutting head 1400, such as at-
tached to the processor 1416. In some embodiments,
the signal devices 1410 are RFID tags, in which case the
receiver 1414 is a reader used to interrogate one or both
of the RFID tags. Each of the reader and tag can include
an antenna for receiving and transmitting signals. Anoth-
er component in an RFID communication system is an
interface board (e.g., a printed circuit board) that imple-
ments middleware application for connecting the data
from a reader to an external host software system. The
interface board can perform one or more of the following
functions: retrieving data from one or more readers, fil-
tering data feeds to external application software, mon-
itoring tag and reader network performance, capturing
history, and converting analog signals received from a
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reader to digital signals for external transmission. Yet
another component in an RFID communication system
is a connector configured to transmit the digital signal
from the interface board to the external host software
system. In some embodiments, one reader is used to
interact with multiple RFID tags. Alternatively, multiple
readers can be used, each interacting with a respective
one of the RFID tags. In some embodiments, a single
interface board is used to connect information from one
or more readers to an external processor. Alternatively,
multiple interface boards can be used to connect respec-
tive ones of readers to an external processor.

[0137] Fig. 15 shows an exemplary design of a cutting
head for housing an RFID communication system, such
as for the cutting head 1400 of FIG. 14. Fig. 15 shows a
cylindrical housing 1502, sealed with one or more o-rings
1504, for housing an interface board 1506. The housing
1502 can be significantly circular at its cross section. One
or more slots (not shown) can be drilled inside of the
housing 1502 to hold the interface board 1506 in place.
Atleast one nut 1522 can be used to connect the housing
1502 to the abrasive inlet of the cutting head body such
that the housing 1502 is rotatable with respect to the cut-
ting head body. In addition, a connector 1520, such as a
Fisher© or Truck© connector, can be used to transmit
data, in the form of analog signals for example, between
the interface board 1506 and an external processor, such
as the processor 1416 of Fig. 4 or the CNC 1302 of Fig.
13.

[0138] In addition, one or more wires 1508 are used to
connect at least one reader 1510 to the interface board
1506. Each interface board 1506 can have multiple read-
ers connected thereto. The wires 1508 are sufficiently
long to route through the housing 1502 to reach the in-
terface board 1506. At least one RFID tag 1512a is in-
stalled in the cutting head to store information about the
orifice assembly 1514 and at least one additional RFID
tag 1512b is used to store information about the nozzle
1516. The reader 1510 is adapted to communicate with
one or both of the RFID tags via the antennas 1518. As
shown in Fig. 15, each RFID tag 1512 has a dedicated
antenna situated close by. Alternatively, a single antenna
can be used for both RFID tags 1512. The reader 1510
can forward the stored information on the respective tags
to the interface board 1506 via the wires 1508.

[0139] Figs. 16a-c show another exemplary design of
a cutting head for housing an RFID communication sys-
tem, such as for the cutting head 1400 of FIG. 14. As
shown, a box housing 1602, sealed with one or more
gaskets 1604, is provided to house an interface board
1606. The housing 1602 can be significantly rectangular
in profile, as more clearly shown in Fig. 16b. At least one
hollow bolt (not shown) can be used to connect the hous-
ing 1602 to the cutting head body such that the housing
1602 is rotatable with respect to the cutting head body.
In addition, one or more connectors 1620, such as dual
coax connectors, can be used to transmit data in the form
of digital signals between the interface board 1606 and
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an external processor. In some embodiments, if the in-
terface board 1606 transmits analog signals, the top
piece 1602a of the housing 1602 is non-conductive be-
cause the connectors 1620 are connected to the interface
board 1606. In addition, the top piece 1602a can be
sealed at the area where the housing 1602 touches the
connectors 1620. One or more wires 1608 are used to
connect at least one reader 1610 to the interface board
1606 through a channel in the body of the abrasive inlet.
The placements of the RFID tags, readers and antennas
in this design can be significantly the same as the design
of Fig. 15.

[0140] Fig. 17 shows yet another exemplary design of
a cutting head for housing an RFID communication sys-
tem, such as for the cutting head 1400 of FIG. 14. Fig.
17 can be substantially similar to the design of Figs. 16a-
c, except the housing 1702 includes both the interface
board 1706 and the reader 1704. Hence, lengthy wires
are not required to connect the reader 1704 to the inter-
face board 1706. Another advantage is that the signals
transmitted by the connector 1708 to an external proc-
essor are less susceptible to noise and thus more robust.
This is because the interface board 1706 is adapted to
convert analog signals received from a reader to digital
signals within the cutting head, where the resulting digital
signals transmitted are mostly immune to noise. In addi-
tion, the top piece 1702a of the housing 1702 no longer
needs to be insulated for the same reason, since insula-
tion is mostly useful for preventing conduction of electri-
cal noise into analog signals. In some embodiments, the
interface board 1506 of the cutting head design of Fig.
15 and/or the interface board 1606 of the cutting head
design of Figs. 16a-c are configured to transmit analog
signals (i.e., without conversion to digital signals inside
of the respective cutting heads). Even though this mode
of transmission tends to more susceptible to external
noise and thus requires insulation, the interface boards
are typically smaller. However, in other embodiments,
the interface boards 1506 and 1606 can be easily mod-
ified to convert analog reader signals to digital signals
prior to transmission to an external processor.

[0141] Figs. 15-17 show atleastone readerin an RFID
communication system for relaying information from
RFID tags to one or more connectors via at least one
interface board. In some embodiments, multiple readers
can be used, each communicates with at least one RFID
tag. In addition, a wire is used to connect each reader to
the connectors. Fig. 18 shows an exemplary configura-
tion of a cutting head, such as for the cutting head 1400
of FIG. 14, configured to accommodate wired connec-
tions between multiple readers and a connector. As
shown, two readers are provided, the reader 1802a is
configured to communicate with the RFID tag 1804a as-
sociated with the orifice assembly 1806 while the reader
1802b is configure to communicate with the RFID tag
1804b associated with the nozzle 1808. The readers
1802 can be situated at locations within the cutting head
close to the respective tags 1804 while minimizing the
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distance (i.e., length of the wires used) between them
and the connector (not shown) via the interface board
1810. As shown in Fig. 18, the reader 1802a is located
between the orifice assembly 1806 and an internal sur-
face of the cutting head body 1800 on a side closest to
the board 1810. Similarly, the reader 1802b is located
between the nozzle 1808 and an internal surface of the
cutting head body 1800 on a side closest to the board
1810. In addition, a conduit 1812 is machined into the
cutting head body 1800 to allow wires 1814 to be routed
therethrough to reach the interface board 1810 and ter-
minate at the connector. The wires 1814 include wires
1814a and 1814b for connecting the reader 1802a and
1802b to the board 1810, respectively. In some embod-
iments, the conduit 1812 is not milled. Instead, electrical
discharge machining (EDM) is used to create this feature
in the cutting head body 1800. In some embodiments, a
gasket 1816, such as a flexible neoprene gasket, is
squeeze-fit into the conduit 1812 to prevent water from
seeping into the area where the tag and/or reader reside.
The gasket 1816 can include an opening to allow the
wires 1814 to pass therethrough while providing a wa-
terproof seal.

[0142] FIG. 19 showing an exemplary process for op-
erating the liquid jet system of Fig. 13. The process starts
(at step 1902) when at least one replaceable component
is installed into the cutting head of a liquid jet cutting
system, such as into the cutting head 1306 of the system
1300. The replaceable components can be a consuma-
ble, such as a nozzle (e.g., the nozzle 1408) or a orifice
assembly (e.g., the orifice assembly 1402) of the cutting
head. At least one identification mechanism, such as a
signal device (e.g., signal device 1410) in the form of an
RFID tag, is assigned to the replaceable component. The
identification mechanism can be attached to a surface of
the replaceable component. The identification mecha-
nism is adapted to communicate (at step 1904) informa-
tion about its assigned replaceable component to a read-
er (e.g., thereceiver 1414) of the liquid jet cutting system.
Exemplary information includes the type of the replace-
able component, time or duration of use of the component
and/or condition of component use. The reader can for-
ward the information to a processor (e.g., the processor
1416 and/or CNC 1302) via an interface board (e.g., the
board 1506) and a connector (e.g., the connector 1520).
In response, the processor (at step 1906) can automat-
ically adjust at least one operating parameter of the cut-
ting system based on the received information. For ex-
ample, the processor can use the received information
to determine a period of use of the replaceable compo-
nent, a predict life expectancy of the component, a pre-
dicted stroke rate of the pump of the liquid jet cutting
system and, according to the invention, a kerf setting for
cutting a workpiece. An exemplary adjustment by the
processor can include outputting an alarm signal or mes-
sage to warn an operator about an approaching end of
life event, a potential leak (after comparing the predicted
stroke rate with an actual stroke rate) and/or a poppet
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failure based on the predicted stroke rate. The processor
is also configured to automatically adjust the system to
implement a new kerf setting.

[0143] It should also be understood that various as-
pects and embodiments of the invention can be com-
bined in various ways, if within the scope of the claims.
Based on the teachings of this specification, a person of
ordinary skillin the art can readily determine how to com-
bine these various embodiments. In addition, modifica-
tions may occur to those skilled in the art upon reading
the specification. The present application includes such
modifications and is limited only by the scope of the
claims.

Claims
1. Aliquid jet cutting system (1300), comprising:

a pump (1308);
a cutting head (1306) fluidly connected to the
pump, the cutting head (1306) comprising:

a cutting head body;

a plurality of replaceable components con-
nected to the cutting head body and defining
at least a portion of a conduit for receiving
a liquid jet;

characterised in that the cutting head
(1306) further comprises:

a plurality of readers disposed on the
cutting head body;

a plurality of signal devices (1410) as-
signed to respective ones of the plural-
ity of replaceable components, wherein
the plurality of signal devices (1410) are
configured to communicate to the plu-
rality of readers information associated
with the corresponding replaceable
components, wherein the informationis
encoded to one or more of the signal
devices (1410) after use of the replace-
able component; and

a connector communicatively coupled
tothe plurality of readers, the connector
being configured to transmit the infor-
mation from the plurality of readers to
a CNC or a PLC; and

acomputing device communicatively coupled to
the plurality of readers for receiving the informa-
tion from the reader, the information indicative
of a size of opening of a nozzle (1408) of the
liquid jet cutting system (1300), the computing
device configured to automatically adjusting a
kerf setting by analyzing predicted wear of the
nozzle (1408) opening.
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2,

The liquid jet cutting system (1300) of claim 1 where-
in the encoded information includes at least one of
date, time, duration, location of the use; any abnor-
malities detected in use; conditions after use; pre-
diction of a failure event; prediction of an end-of-life;
number of pressure cycles the consumable has been
or can be exposed to; usage of the nozzle (1408) to
predict warranty expiration and/or end of life time
frame.

The liquid jet cutting system (1300) of claim 1, where-
in any one or more of the following applies,

a) the computing device comprises at least one
of a computer numerical controller (CNC) or a
pump programmable logic controller (PLC);
and

b) the computing device is configured to auto-
matically determine the identities of the plurality
ofreplaceable components atleastin partbased
on the information received from the readers.

The liquid jet cutting system (1300) of claim 3, where-
in the plurality of replaceable components comprise
a nozzle (1408) and an orifice of the liquid jet cutting
system, wherein optionally (i) the plurality of signal
devices (1410) comprise a first signal device dis-
posed on the nozzle (1408) and a second signal de-
vice disposed on the orifice; and/or (ii)the information
identifies at least one of a type of the nozzle (1408)
or a type of the orifice.

The liquid jet cutting system (1300) of claim 3, where-
in the information comprises at least one of a time
or duration of use of the corresponding replaceable
components.

The liquid jet cutting system (1300) of claim 3, where-
in atleast one of the plurality of signal devices (1410)
comprises an RFID tag.

The liquid jet cutting system (1300) of claim 3, where-
in

(i) the cutting head (1306) further comprises a
high pressure liquid inlet; and/or

(ii) the cutting head (1306) further comprises an
abrasive inlet.

The liquid jet cutting system (1300) of claim 3, further
comprising a plurality of wires connected to the plu-
rality of readers, wherein the plurality of wires are
disposed within the cutting head body.

The liquid jet cutting system (1300) of claim 3, where-
in the connector is further configured to convert the
information in the form of an analog signal to a digital
signal.
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The liquid jet cutting system (1300) of claim 3, further
comprising an intensifier associated with the pump
(1308), optionally further comprising an accumulator
fluidly connected to the pump (1308).

A method for operating a liquid jet cutting system
(1300), the method comprising:

installing a replaceable component into a liquid
jet cutting head (1306) of the liquid jet cutting
system, the replaceable component including
an identification mechanism;

communicating information between the identi-
fication mechanism and a reader of the liquid jet
cutting system (1300), characterised in that
the information is indicative of a size of opening
of anozzle (1408) of the liquid jet cutting system
(1300);

determining, based on the information commu-
nicated, a predicted life expectancy of the nozzle
(1408); and

automatically adjusting the kerf setting of the lig-
uid jet cutting system based on the information.

The method of claim 11 wherein the information in-
cludes at least one of date, time, location of the use;
any abnormalities detected in use; conditions after
use; prediction of a failure event; prediction of an
end-of-life; number of pressure cycles the consum-
able has been or can be exposed to; usage of the
nozzle (1408) to predict warranty expiration and/or
end of life time frame

The method of claim 11, wherein any one or more
of the following applies,

a)the replacement componentis one of a nozzle
(1408) or an orifice (1402) ;

b) the information identifies a type of the nozzle
(1408) or the orifice (1402);

c) the information comprises at least one of a
time or duration of use of the replaceable com-
ponent;

d) the information comprises at least one of a
condition of use of the replaceable component;
e) the method further comprising detecting a
system leak by comparing the predicted stroke
rate to an actual stroke rate; and

f) the method further comprising detecting a pop-
petfailure by analyzing the predicted stroke rate.

Patentanspriiche

1.

Flussigstrahlschneidsystem (1300), das Folgendes
umfasst:

eine Pumpe (1308);
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einen Schneidkopf (1306), fluidisch mit der
Pumpe verbunden, wobei der Schneidkopf
(1306) Folgendes umfasst:

einen Schneidkopfkorper;

mehrere ersetzbare Komponenten, verbun-
den mit dem Schneidkopfkdrper und zumin-
dest einen Teil einer Leitung zum Aufneh-
men eines flissigen Strahls definierend;
dadurch gekennzeichnet, dass der
Schneidkopf (1306) ferner Folgendes um-

fasst:
mehrere Leser, angeordnet im
Schneidkopfkorper;

mehrere Signalvorrichtungen (1410),
zugeordnet zu entsprechenden der
mehreren ersetzbaren Komponenten,
wobei die mehreren Signalvorrichtun-
gen (1410) dazu ausgelegt sind, den
mehreren Lesern Informationen im Zu-
sammenhang mit den entsprechenden
ersetzbaren Komponenten zu kommu-
nizieren, wobei die Informationen nach
Verwendung der ersetzbaren Kompo-
nente auf eine oder mehrere der Sig-
nalvorrichtungen (1410) codiert wer-
den; und

einen Verbinder, kommunikativ mitden
mehreren Lesern gekoppelt, wobei der
Verbinder dazu ausgelegt ist, die Infor-
mationen von den mehreren Lesern an
eine CNC oder eine SPS zu senden;
und

eine Datenverarbeitungsvorrichtung, kom-
munikativ mit den mehreren Lesern gekop-
pelt, zum Empfangen der Informationen
vom Leser, wobei die Informationen indika-
tiv fiir eine GroRe einer Offnung einer Diise
(1408) des Flissigstrahlschneidsystems
(1300) sind, wobei die Datenverarbeitungs-
vorrichtung dazu ausgelegtist, eine Schnitt-
fugeneinstellung automatisch anzupassen
durch Analysieren des vorhergesagten Ver-
schleiRes der Offnung der Diise (1408).

Flissigstrahlschneidsystem (1300) nach Anspruch
1, wobei die codierten Informationen zumindest ei-
nes aus Datum, Uhrzeit, Dauer, Ort der Verwen-
dung; bei der Verwendung detektierte Anomalien,
Bedingungen nach der Verwendung; Vorhersage ei-
nes Ausfallereignisses; Vorhersage eines Lebens-
endes; Anzahl von Druckzyklen, denen das Ver-
brauchsmaterial ausgesetzt wurde oder werden
kann; Verwendung der Diise (1408) zum Vorhersa-
gen eines Ablaufens der Garantie und/oder eines
Endes des Lebenszeitrahmens umfassen.
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Flussigstrahlschneidsystem (1300) nach Anspruch
1, wobei eine beliebige oder mehrere aus folgenden
Aussagen gelten,

a) die Datenverarbeitungsvorrichtung umfasst
zumindest eine aus einer computerisierten nu-
merischen Steuerung (CNC) oder einer spei-
cherprogrammierbaren Pumpensteuerung
(SPS); und

b) die Datenverarbeitungsvorrichtung ist dazu
ausgelegt, automatisch die Identitaten der meh-
reren ersetzbaren Komponenten zumindest teil-
weise basierend auf den von den Lesern emp-
fangenen Informationen zu bestimmen.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, wobei die mehreren ersetzbaren Komponenten
eine Diise (1408) und eine Offnung des Fliis-
sigstrahlschneidsystems umfassen, wobei optional
(i) die mehreren Signalvorrichtungen (1410) eine
erste Signalvorrichtung, angeordnet an der Dise
(1408), und eine zweite Signalvorrichtung, angeord-
net an der Offnung, umfassen; und/oder wobei (ii)
die Informationen zumindest eines aus einem Typ
der Diise (1408) oder einem Typ der Offnung iden-
tifizieren.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, wobei die Informationen zumindest eines aus ei-
ner Uhrzeitoder Dauer der Verwendung der entspre-
chenden ersetzbaren Komponenten umfassen.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, wobei zumindest eine der mehreren Signalvor-
richtungen (1410) ein RFID-Kennzeichen umfasst.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, wobei

(i) der Schneidkopf (1306) ferner einen Hoch-
druckflissigkeitseinlass umfasst; und/oder

(ii) der Schneidkopf (1306) ferner einen Schleif-
mitteleinlass umfasst.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, ferner umfassend mehrere Drahte, die mit den
mehreren Lesern verbunden sind, wobei die mehre-
ren Drahte innerhalb des Schneidkopfkérpers ange-
ordnet sind.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, wobei der Verbinder ferner dazu ausgelegt ist, die
Informationen in der Form eines analogen Signals
in ein digitales Signal umzuwandeln.

Flussigstrahlschneidsystem (1300) nach Anspruch
3, ferner einen Verstarker in Verbindung mit der
Pumpe (1308) umfassend, optional ferner einen
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Druckspeicher umfassend, der fluidisch mit der
Pumpe (1308) verbunden ist.

Verfahren zum Betreiben eines Flissigstrahl-
schneidsystems (1300), wobei das Verfahren Fol-
gendes umfasst:

Installieren einer ersetzbaren Komponente in ei-
nen Flissigstrahlschneidkopf (1306) des Flis-
sigstrahlschneidsystems, wobei die ersetzbare
Komponente einen ldentifizierungsmechanis-
mus umfasst;

Kommunizieren von Informationen zwischen
dem Identifizierungsmechanismus und einem
Leser des Flissigstrahlschneidsystems (1300),
dadurch gekennzeichnet, dass die Informati-
onen indikativ fiir eine GréRe einer Offnung ei-
ner Dise (1408) des Flussigstrahlschneidsys-
tems (1300) sind;

Bestimmen, basierend auf den kommunizierten
Informationen, einer vorhergesagten Lebenser-
wartung der Dise (1408); und

automatisches Anpassen der Schnittfugenein-
stellung des Flissigstrahlschneidsystems ba-
sierend auf den Informationen.

Verfahren nach Anspruch 11, wobei die Informatio-
nen zumindest eines aus Datum, Uhrzeit, Ort der
Verwendung; bei der Verwendung detektierte Ano-
malien, Bedingungen nach der Verwendung; Vor-
hersage eines Ausfallereignisses; Vorhersage eines
Lebensendes; Anzahl von Druckzyklen, denen das
Verbrauchsmaterial ausgesetzt wurde oder werden
kann; Verwendung der Diise (1408) zum Vorhersa-
gen eines Ablaufens der Garantie und/oder eines
Endes des Lebenszeitrahmens umfassen.

Verfahren nach Anspruch 11, wobei eine oder meh-
rere aus folgenden Aussagen gelten:

a)die Ersatzkomponente ist eine aus einer Dise
(1408) oder einer Offnung (1402);

b) die Informationen identifizieren einen Typ der
Diise (1408) oder der Offnung (1402);

c) die Informationen umfassen zumindest eines
aus einer Uhrzeit oder Dauer der Verwendung
der ersetzbaren Komponente;

d) die Informationen umfassen zumindest eine
Bedingung der Verwendung der ersetzbaren
Komponente;

e) das Verfahren umfasst ferner Detektieren ei-
ner Systemundichtigkeit durch Vergleichen der
vorhergesagten Hubrate mit einer tatsachlichen
Hubrate; und

f) das Verfahren umfasst ferner Detektieren ei-
nes Ventilkegelausfalls durch Analysieren der
vorhergesagten Hubrate.
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Revendications

Systeme (1300) de découpe par jet de liquide,
comportant :

une pompe (1308) ;
une téte (1306) de coupe reliée fluidiquement a
la pompe, la téte (1306) de coupe comportant :

un corps de téte de coupe ;

une pluralité de composants remplacables
reliés au corps de téte de coupe et définis-
sant au moins une partie d’un conduit ser-
vant a recevoir un jet de liquide ;
caractérisé en ce que la téte (1306) de
coupe comporte en outre :

une pluralité de lecteurs disposés sur
le corps de téte de coupe ;

une pluralité de dispositifs (1410) de si-
gnal affectés a des composants res-
pectifs parmila pluralité de composants
remplagables, la pluralité de dispositifs
(1410) de signal étant configurée pour
communiquer a la pluralité de lecteurs
des informations associées aux com-
posants remplagables correspon-
dants, les informations étant codées
vers un ou plusieurs des dispositifs
(1410) de signal aprés utilisation du
composant remplagable ; et

un connecteur couplé de fagon commu-
nicative alapluralité de lecteurs, le con-
necteur étant configuré pour transmet-
tre les informations provenant de la plu-
ralité de lecteurs a une CNC ou un AP ;
et

un dispositif informatique couplé de fagon com-
municative a la pluralité de lecteurs pour rece-
voir les informations provenant des lecteurs, les
informations étant indicatives d’une taille
d'ouverture d’'une buse (1408) du systéeme
(1300)de découpe par jet de liquide, le dispositif
informatique étant configuré pour ajuster auto-
matiquement un réglage d’entaille en analysant
une usure prédite de l'ouverture de la buse
(1408).

Systeme (1300) de découpe par jet de liquide selon
la revendication 1, les informations codées compre-
nant au moins une information parmila date, 'heure,
la durée, le lieu d’utilisation ; d’éventuelles anoma-
lies détectées en cours d’utilisation ; des conditions
aprées utilisation ; la prédiction d’'un événement de
défaillance ; la prédiction d’'une fin de vie ; le nombre
de cycles de pression auquel le consommable a été
ou peut étre exposé ; la quantité d’utilisation de la
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buse (1408) pour prédire un horizon temporel d’ex-
piration de garantie et/ou de fin de vie.

Systeme (1300) de découpe par jet de liquide selon
la revendication 1, une ou plusieurs propositions
quelconques parmi les suivantes s’appliquant,

a) le dispositif informatique comporte au moins
un dispositif parmi une commande numérique
par calculateur (CNC) et un automate program-
mable (AP) de pompe ; et

b) le dispositif informatique est configuré pour
déterminer automatiquement les identités de la
pluralité de composants remplagables au moins
en partie d’apres les informations regues en pro-
venance des lecteurs.

Systeme (1300) de découpe par jet de liquide selon
la revendication 3, la pluralité de composants rem-
plagables comportant une buse (1408) et un orifice
du systéme de découpe par jet de liquide, optionnel-
lement (i) la pluralité de dispositifs (1410) de signal
comportant un premier dispositif de signal disposé
sur la buse (1408) et un second dispositif de signal
disposé sur l'orifice ; et/ou (ii) les informations iden-
tifiant au moins un type parmi un type de la buse
(1408) et un type de l'orifice.

Systeme (1300) de découpe par jet de liquide selon
la revendication 3, les informations comportant au
moins une information parmi une heure et une durée
d’utilisation des composants remplagables corres-
pondants.

Systeme (1300) de découpe par jet de liquide selon
la revendication 3, au moins un dispositif de la plu-
ralité de dispositifs (1410) de signal comportant une
étiquette RFID.

Systeme (1300) de découpe par jet de liquide selon
la revendication 3,

(i) la téte (1306) de coupe comportant en outre
une entrée de liquide a haute pression ; et/ou
(ii) la téte (1306) de coupe comportant en outre
une entrée d’abrasif.

Systeme (1300) de découpe par jet de liquide selon
larevendication 3, comportant en outre une pluralité
de fils reliés a la pluralité de lecteurs, la pluralité de
fils étant disposée a l'intérieur du corps de téte de
coupe.

Systeme (1300) de découpe par jet de liquide selon
la revendication 3, le connecteur étant en outre con-
figuré pour convertir les informations sous la forme
d’un signal analogique en un signal numérique.
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Systeme (1300) de découpe par jet de liquide selon
la revendication 3, comportant en outre un intensifi-
cateur associé a la pompe (1308), optionnellement
comportant en outre un accumulateur relié fluidique-
ment a la pompe (1308).

Procédé d’exploitation d’un systéme (1300) de dé-
coupe par jet de liquide, le procédé comportant les
étapes consistant a :

installer un composant remplagable dans une
téte (1306) de coupe a jet de liquide du systéeme
de découpe parjetde liquide, le composantrem-
placable comprenant un mécanisme
d’identification ;

communiquer des informations entre le méca-
nisme d’identification et un lecteur du systéme
(1300) de découpe par jet de liquide, caracté-
risé en ce que les informations sont indicatives
d’'une taille d’ouverture d’une buse (1408) du
systéeme (1300) de découpe par jet de liquide ;
déterminer, d’aprés les informations communi-
quées, une espérance de vie prédite de la buse
(1408) ; et

ajuster automatiquementle réglage d’entaille du
systéme de découpe par jet de liquide d’apres
les informations.

Procédé selon la revendication 11, les informations
comprenant au moins une information parmila date,
I’heure, le lieu d'utilisation ; d’éventuelles anomalies
détectées en cours d’utilisation ; des conditions
aprées utilisation ; la prédiction d’'un événement de
défaillance ; la prédiction d’'une fin de vie ; le nombre
de cycles de pression auquel le consommable a été
ou peut étre exposé ; la quantité d’utilisation de la
buse (1408) pour prédire un horizon temporel d’ex-
piration de garantie et/ou de fin de vie.

Procédé selon la revendication 11, une ou plusieurs
propositions quelconques parmi les suivantes s’ap-
pliquant,

a) le composant de remplacement est soit une
buse (1408), soit un orifice (1402) ;

b) les informations identifient un type de la buse
(1408) ou de l'orifice (1402) ;

c) les informations comportent au moins une in-
formation parmi une heure et une durée d'utili-
sation du composant remplacable ;

d) les informations comportent au moins une
condition d’utilisation du composant
remplagable ;

e) le procédé comportant en outre la détection
d’unefuite du systéme en comparantla cadence
de course prédite a une cadence de course
réelle ; et

f) le procédé comportant en outre la détection
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d’'une défaillance de clapet en analysant la ca-
dence de course prédite.
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FIG. 9

Direct gas flow through a flow-restriction element
associated with a consumable disposed within a
thermal processing torch

Y

Determine a first pressure of the gas flow at a
location upstream relative to the flow-restriction
element

Y

Determine a second pressure of the gas flow at a
location downstream relative to the flow-restriction
element

Y

Determine a flow rate of the gas flow passing
through the flow-restriction element

A 4

Use the first pressure, second pressure, and flow
rate to identify the consumable
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FIG. 10
(1000) Direct an inlet flow of a gas through a gas supply
\\> line to a torch plasma chamber (1002)
A 4
Manipulate at least one of: (1004)
TR
U
Y A 4
the inlet flow of the gas to the plasma a vent valve coupled to a vent line
chamber using a regulator coupled to connected to the plasma chamber to
the gas supply line until a criterion is control an outlet flow of the gas from the
reached plasma chamber
(10086) (1008)
\ 4 /N v
¢V

Y
Determining a first value of at least one operating
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FIG. 11
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FIG. 19

Install a replaceable component into a liquid jet

Y

cutting head of a liquid jet cutting system (1902)

Communicate information between an identification
mechanism of the replaceable component and a reader
of the liquid jet cutting system

(1904)

X

Adjust at least one operating parameter of the
liquid jet cutting system based on the information
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