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PLASMA SYSTEM WITH INTEGRATED POWER SUPPLY, MOTION CONTROL,
GAS CONTROL AND TORCH CENTRALISED CONTROLLER

INCORPORATION BY REFERENCE
[01] The present application claims priority to Provisional Application 61/971,762,

filed March 28, 2014, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[02] The invention is related to an integrated plasma cutting system according to
claim 1. Devices, systems, and methods consistent with the invention relate to cutting, and

more specifically to devices, systems and methods for plasma cutting operations.

TECHNICAL BACKGROUND
[03] Currently, in an automated plasma cutting application the plasma power
supply, motion and process controller, torch height control and gas control are separate
pieces of equipment that are interconnected using cables to create a system used for con-
trolling the plasma cutting process. Each individual component of this system has its own
electronics and software/firmware executed by a microprocessor. This decentralized ap-
proach increases the system cost and installation time and complexity. Additionally, the
interconnects between the components of such a system can also lead to significant limita-
tions in system performance.
[04] Further limitations and disadvantages of conventional, traditional, and pro-
posed approaches will become apparent to one of skill in the art, through comparison of
such approaches with embodiments of the present invention as set forth in the remainder

of the present application with reference to the drawings.
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DESCRIPTION
[05] In order to reduce costs and to improve the system performance an inte-
grated plasma cutting system according to claim 1 is described. Preferred embodiments of
the invention are subject of the subclaims. An exemplary embodiment of the present inven-
tion is complete, integrated plasma cutting system having each of the plasma cutting power
supply, motion and process controller, torch height control, gas control and user interface
integrated into a single unit. The system will use a centralized microprocessor architecture
which will control and sequence the plasma arc, regulate the gases and gas flows (rates
and pressures), provide coordinated motion control of multiple axes along with controlling
multiple height control system for plasma torches. In other exemplary embodiments, the
user interface can be positioned remote from the remainder of the components to provide
added user flexibility. Such a system will provide for improved system level process con-
trol, and the centralized microprocessor architecture will allow for packaging all of the sys-
tem components within a single enclosure. This will minimize the number of separate
components needed and optimize system performance, while at the same time increasing
system reliability. Additionally embodiments of the present invention will minimize the

number of interconnect cables and improve the overall system performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[06] The above and/or other aspects of the invention will be more apparent by
describing in detail exemplary embodiments of the invention with reference to the accom-
panying drawings, in which:
[07] FIG. 1 is a diagrammatical representation of a known plasma cutting system;
[08] Fig. 2 is a diagrammatical representation of an exemplary embodiment of a

plasma cutting system in accordance with an embodiment of the present invention; and



WO 2015/145249 PCT/IB2015/000406

[09] Fig. 3 is a diagrammatical representation of a communication tree of an ex-

emplary embodiment of the present invention.

DETAILED DESCRIPTION
[10] Exemplary embodiments of the invention will now be described below by
reference to the attached Figures. The described exemplary embodiments are intended to
assist the understanding of the invention, and are not intended to limit the scope of the in-
vention in any way. Like reference numerals refer to like elements throughout.
[11] Embodiments of the present invention can be used for cutting various
shapes and cutouts in many different materials, and is not limited to any particular cutting
processes.
[12] Turning now to Figure 1, an known plasma cutting system 100 is depicted.
The plasma torch system 100 includes a cutting table 101 and plasma torch 103. The con-
struction and operation of cutting tables and plasma torches are well known by those of
skill in the art and will not be discussed in detail herein. The system 100 can also use a
torch height controller 105 which can be mounted to a gantry system 107. The system 100
can also include a drive system 109 which is used to provide motion to the torch 103 rela-
tive to a workpiece positioned in the table 101. A plasma cutting power supply 111 is cou-
pled to the torch 103 to provide the desired current used to create the cutting plasma. The
system 100 can also include a gas console 113 that can be used to regulate gas flow rates
and pressures used for both the plasma and shield gas during the cutting operation. The
console 113 can also be used to select different gases depending in the cutting operation
that is being performed. That is, certain gases may be used for some cutting operations,
but would not be used for others. The torch system 100 also includes a computer numeric
controller (CNC) 115, which can include a user input/display screen 117. The screen 117

and CNC 115 are used by the user to input and read cutting operational parameters and
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data, and allow the system 100 to be used as an automated, programmable cutting system.
Various input parameters can be input by a user into the CNC, via the screen 117 (or other
means) including: torch current, material type, material thickness, cutting speed, torch
height, plasma and shield gas composition, etc. As stated above, the plasma system 100
can have many different configurations, and embodiments are not limited to that shown in
Figure 1, which is intended to be exemplary. However, each of the power supply 111, con-
sole 113, drive system 109, torch height controller 105, and CNC have separate and dis-
tinct controllers which control their respective operations. For example, the CNC 115 con-
troller communicates with the power supply 111 controlier and provides operational pa-
rameters to the power supply 111 controller, but then the power supply controller controls
the discrete operation of the power supply. This functionality and relationship is true for all
of the other components and can cause the issues generally described above, which are
obviated by embodiments of the present invention.

[13] Figure 2 depicts an exemplary embodiment of the present invention, where
the plasma cutting system 200 utilizes an integrated plasma cutting system 210. Specifi-
cally, unlike prior systems, the system 210 contains the power supply electronics module
211 which is used to generate the cutting signal that is sent to the torch 103. That is, all of
the power electronics which are used to generate the cutting current signal are located
within the same housing 220 as the system controller 213. The system controller 213 con-
trols all aspects of the cutting operation. As shown, the cbntroller 213 communicates with
the power generation components of the power supply module 211 internal to the housing
220. Further, the controller 213 also directly controls the gas flow by directly communicat-
ing with a gas flow control device 225 which controls the flow of gas from the gas supply
221 through the gas line 223 to the flow control device 225. Additionally, the controller 213
directly communicates with the motion control device 209 and controls the operation of the

motion control device 209 on the gantry system 107. In addition to controlling the move-
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ment along the gantry 107 the controller 213 also controls the height of the torch 103 dur-
ing operation of the system 200, and/or the angling of the torch 103 for any desired bevel
cutting. Further, to the extent the table 101 has any automated or motion functions, the
controller 213 can be coupled to the table 101 to control the table’s operations. For exam-
ple, if the table is a water table or can move the workpiece, the controller 213 wiil control
this operation. Further, in exemplary embodiments, the controller 213 can control muitiple
torches operating at the same time.

[14] As shown, the integrated system 210 has a user input screen 217 and/or a
user input device 218 (like a keyboard) to allow for the user to input and review various
operational parameters and characteristics. It should also be noted that in some applica-
tions a second user input device can be positioned remote from the overall system to allow
a user to control/operate the system remotely. Such a user input device can be any type of
device, such as a remote pendant, which allows for control of the system, and can have
any known user input means, such as a touch screen, or the like. The remote user input
device (not shown) can be any type of iOS or Android based device, or use any type of
known or proprietary operating system to control the operation of the system as described
herein. The secondary user input device can communicate with the system via any known
wired or wireless method or protocol. In further exemplary embodiments, there will be no
user interface or input screen on the system 210, but a remote user interface device or sys-
tem. In such a system the user interface device would have a separate microcontroller to
control the operation of the user interface device, which can be a computer, pendant, or
other remote device capable of communicating user input information to the system 210.
[15] The use of such a system eliminates the need for separate control systems
to control the operation of the power supply module 211, gas flow, motion control and/or
the torch. That is, the single controller 213 controls alf of these operations as a single con-

troller module. This centralized microprocessor architecture allows for the packaging of the
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power supply module 211, the torch height control system, motion and process control, and
gas control to be on one controller operating by a single microprocessor system. This
eliminates the need to have multiple, discrete microprocessing control systems communi-
cating and interacting with each other - which can cause communication issues or other-
wise prevent optimal system functionality. For example, the use of the system 210 (which
is all within a single housing) prevents the need for a stand-alone system controller (e.g.,
115) to communicate with separate and distinct (and remotely located) controllers for all of
the discrete system operations.

[16] As is generally understood by those of ordinary skill in the art, the controller
213 can be any type of computer system that controls the overall operation of the system
210 (which then controls the overall operation of the system 200). As is general known, a
controller 213 has a processor, electronic storage device, and an interface for providing
control instructions to a plasma arc torch system 210. The storage or memory device can
be internal or external and can contain data relating to the part to be cut in the workpiece.
In other embodiments, the controller 213 can be manually programmed, and in some em-
bodiments the controller 213 can include a computer readable product fhat includes com-
puter readable instructions that can select or configure operating paraméters of the plasma
torch system. In further exemplary embodiments the computer readable instructions can
be cut charts, nesting software, or CAD programs. Such instructions typically include cut-
ting information including instructions for the system 210 when cutting various holes, con-
tours, shapes, etc., taking into account the sizes and shapes of the holes/contours and the
material being cut. As is generally understood the controller 213 can allow a user to cut
numerous successive holes, contours, shapes or a combination of holes, contours shapes
in a workpiece. For example, the operator can select a cutting program that includes both

hole and contour cutting instructions, and the controller 213 will determine the order and
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positioning of the cuts, as well as the various parameters of the cuts based on the user
input information.

[17] The user interface/screen 217 (and/or input device 218) coupled to a con-
troller 213 illustrates one possible hardware configuration to support the systems and
methods described herein, that is being the controller for the system 210. Of course, simi-
lar controller type systems can be used to control and/or operate the systems described
herein. In order to provide additional context for various aspects of the present invention,
the following discussion is intended to provide a brief, general description of a suitable
computing environment in which the various aspects of the present invention may be im-
plemented. Those skilled in the art will recognize that the invention also may be imple-
mented in combination with other program modules and/or as a combination of hardware
and software. Generally, program modules include routines, programs, components, data
structures, etc., that perform particular tasks or implement particular abstract data types.
[18] Moreover, those skilled in the art will appreciate that the inventive methods
may be practiced with other computer system configurations, including single-processor or
multiprocessor computer systems, minicomputers, rﬁainframe computers, as well as per-
sonal computers, hand-held computing devices, microprocessor-based or programmable
coﬁsumer electronics, and the like, each of which may be operatively coupled to one or
more associated devices. The illustrated aspects of the invention may also be practiced in
distributed computing environments where certain tasks are performed by remote process-
ing devices that are linked through a communications network. In a distributed computing
environment, program modules may be located in both local and remote memory storage
devices.

[19] The controller 213 of the system 210 can utilize an exemplary environment
for implementing various aspects of the invention including a computer, wherein the com-

puter includes a processing unit, a system memory and a system bus. The system bus
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couples system components including, but not limited to the system memory to the proc-
essing unit. The processing unit may be any of various commercially available processors.
Dual microprocessors and other multi-processor architectures also can be employed as the
processing unit.

[20] The system bus can be any of several types of bus structure including a
memory bus or memory controller, a peripheral bus and a local bus using any of a variety
of commercially available bus architectures. The system memory can include read only
memory (ROM) and random access memory (RAM). A basic input/output system (BIOS),
containing the basic routines that help to transfer information between elements within the
computer, such as during start-up, is stored in the ROM.

[21] The controller 213 can further include a hard disk drive, a magnetic disk
drive, e.g., to read from or write to a removable disk, and an optical disk drive, e.g., for
reading a CD-ROM disk or to read from or write to other optical media. The controller can
include at least some form of computer readable media. Computer readable media can be
any available media that can be accessed by the computer. By way of example, and not
limitation, computer readable media may comprise computer storage media and communi-
cation media. Computer storage media includes voiatile and nonvolatile, removable and
non-removable media implemented in any method or technology for storage of information
such as computer readable instructions, data structures, program modules or other data.
Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash mem-
ory or other memory technology, CD-ROM, digital versatile disks (DVD) or other magnetic
storage devices, or any other medium which can be used to store the desired information
and which can be accessed by a user interface coupled to the controller.

[22] Communication media typically embodies computer readable instructions,
data structures, program modules or other data in a modulated data signal such as a car-

rier wave or other transport mechanism and includes any information delivery media. The
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term "modulated data signal” means a signal that has one or more of its characteristics set
or changed in such a manner as to encode information in the signal. By way of example,
and not limitation, communication media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, RF, infrared and other wire-
less media. Combinations of any of the above should also be included within the scope of
computer readable media.

[23] A number of program modules may be stored in the drives and RAM, includ-
ing an operating system, one or more application programs, other program modules, and
program data. The operating system in the computer or the user interface can be any of a
number of commercially available operating systems, or can use a proprietary operating
system.

[24] In addition, a user may enter commands and information into the computer
through a keyboard and a pointing device, such as a mouse. Other input devices may in-
clude a microphone, an IR remote control, a track ball, a pen input device, a joystick, a
game pad, a digitizing tablet, a satellite dish, a scanner, or the like. These and other input
devices are often connected to the processing unit through a serial port interface that is
coupled to the system bus, but may be connected by other interfaces, such as a paraliel
port, a game port, a universal serial bus ("USB"), an IR interface, and/or various wireless
technologies. A monitor or other type of display device, may also be connected to the sys-
tem bus via an interface, such as a video adapter. Visual output may also be accom-
plished through a remote display network protocol such as Remote Desktop Protocol, VNC,
X-Window System, etc. In addition to visual output, a computer typically includes other
peripheral output devices, such as speakers, printers, etc.

[25] A display can be employed with a user interface coupled to the controller
195 to present data that is electronically received from the processing unit. For example,

the display can be a liquid crystal display (LCD), plasma display, cathode-ray tube (CRT)
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type display, light-emitting diode (LED) type display, or another type of monitor or display
that presents data electronically. Alternatively or in addition, the display can present re-
ceived data in a hard copy format such as a printer, facsimile, plotter, etc. The display can
present data in any color and can receive data from a user interface via any wireless or
hard wire protocol and/or standard.

[26] The computer can operate in a networked environment using logical and/or
physical connections to one or more remote computers, such as a remote computer(s).
The remote computer(s) can be a workstation, a server computer, a router, a personal
computer, microprocessor based entertainment appliance, a peer device or other common
network node, and typically includes many or all of the elements described relative to the
computer. The logical connéctions depicted include a local area network (LAN) and a wide
area network (WAN). Such networking environments are commonplace in offices, enter-
prise-wide computer networks, intranets and the Internet.

[27] When used in a LAN networking environment, the computer is connected to
the local network through a network interface or adapter. When used in a WAN networking
environment, the computer typically includes a modem, or is connected to a communica-
tions server on the LAN, or has other means for establishing communications over the
WAN, such as the Internet. In a networked environment, program modules depicted rela-
tive to the computer, or portions thereof, may be stored in the remote memory storage de-
vice. It will be appreciated that network connections described herein are exemplary and
other means of establishing a communications link between the computers may be used.
[28] Figure 3, depicts diagrammatical representation of the con-
trol/communication of systems of the present invention. As shown, the central microproc-
essor 213 controls the operation of each of the power supply electronics 211, torch and
gantry movement device 209, torch height device 301 and gas flow control device 225. Of

course, it should be understood that embodiments of the present invention do not eliminate

10
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all electronics from the peripheral devices (e.g., 209, 301, 225), as these devices will still
have electronic devices like motors, servos, and simple control electronics. However, the
central microprocessor 213 does provide all of the control and operational signals for all of
the peripheral devices and the power supply electronics, and controls the operation of
these components. That is, there is no intervening microprocessing controller which acts
as an intermediate controller between the controller 213 and the various movement or op-
erating components of the peripheral devices. It should be noted that in some exemplary
embodiments, the user interface can have its own microprocessor, separate from the sys-
tem microprocessor controlling operation of the cutting components.

[29] While the subject matter of the present application has been described with
reference to certain embodiments, it will be understood by those skilled in the art that vari-
ous changes may be made and equivalents may be substituted without departing from the
scope of the subject matter. In addition, many modifications may be made to adapt a par-
ticular situation or material to the teachings of the subject matter without departing from its
scope. Therefore, it is intended that the subject matter not be limited to the particular em-

bodiment disclosed, but that the subject matter will include other embodiments.

11
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CLAIMS

1. An integrated plasma cutting system, the system comprising:

a plasma cutting power supply to provide a desired current to at least one torch to
create a plasma arc to cut a workpiece;

| a motion control device to move the torch along a desired cut path relative to the

workpiece;

a torch height control device to adjust a gap between a tip of the torch and the
workpiece;

a gas control device to regulate at least one of a gas selection, a gas flow rate and
a gas pressure of at least one gas used in the integrated plasma cutting system; and

a centralized controller (213) to control each of the plasma cutting power supply, the
motion control device, the torch height control device and the gas control device,

wherein the centralized controller (213) includes an integrated microprocessor archi-
tecture that controls sequences of the respective plasma arcs, controls the regulation of the
at least one gas used in the integrated plasma cutting system, and controls coordination of
the movement of the torch along the cut path with adjusting the gap of the torch, without aid
of an intervening microprocessor architecture in any one of the plasma cutting power sup-

ply, the motion control device, the torch height control device and the gas control device.

2. The integrated plasma cutting system (210) of claim 1, further comprising:
a user interface that allows a user to interact with the integrated plasma cutting sys-
tem (210).

3. The integrated plasma cutting system (210) of claim 1 or 2, wherein the user interface
includes a microprocessor that is separate from the integrated microprocessor architecture,
and

wherein the user interface is positioned remotely from at least one of the plasma
cutting power supply, the motion control device, the torch height controt device and the gas

control device.

4. The integrated plasma cutting system (210) of any of the claims 1 to 3, wherein the cen-
tralized controller (213) operates the user interface without aid of an intervening microproc-
essor architecture in the user interface to processes commands input from the user and

presents data to the user via a display.

13
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5. The integrated plasma cutting system (210) of any of the claims 1 to 4, wherein the dis-
play is one of a liquid crystal display, a plasma display, a cathode-ray tube type display,
and a light-emitting diode (LED) type display.

6. The integrated plasma cutting system (210) of any of the claims 1 to 5, wherein the
plasma cutting power supply, the motion control device, the torch height control device, the

gas control device, and the user interface are disposed within a single enclosure.

7. The integrated plasma cutting system (210) of any of the claims 1 to 6, wherein the user
inputs at least one of torch current, material type, material thickness, cutting speed, torch
height, and plasma and shield gas composition into the user interface prior to start of cut-

ting operations.

8. The integrated plasma cutting system (210) of any of the claim 1 to 7, wherein the inte-
grated microprocessor architecture includes a single microprocessor to control the plasma
cutting power supply, the motion control device, the torch height control device and the gas
control device, and/ or wherein the integrated microprocessor architecture includes a com-
puter with a multi-processor architecture to control the plasma cutting power supply, the

motion control device, the torch height control device and the gas control device.

9. The integrated plasma cutting system (210) of any of the claim 1 to 8, wherein the regu-
lation of the at least one gas used in the integrated plasma cutting system includes regulat-

ing at least one of a plasma gas and a shield gas.

10. The integrated plasma cutting system (210) of any of the claim 1 to 9, further compris-
ing:
a gantry disposed over the workpiece and supporting the torch,

wherein the centralized controller (213) controls movement of the torch along the

gantry.

11. The integrated plasma cutting system (210) of any of the claims 1 to 10, wherein the
coordination of the movement of the torch further includes controlling an angle of the torch

relative to the workpiece to create respective bevel cuts.

14
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12. The integrated ptasma cutting system (210) of any of the claims 1 to 11, wherein the
workpiece is disposed on a water table, or on an movable table, and
wherein the centralized controller controls operation of the water table and/or the

movabie table.

13. The integrated plasma cutting system (210) of any of the claims 1 to 12, wherein the
centralized controller (213) controls coordination of a movement of a second torch along a
second cut path with adjusting a second gap between a tip of the second torch and the
workpiece, and/or wherein the centralized controller (213) includes a storage device that

contains data related to a part to be cut in the workpiece.

14. The integrated plasma cutting system (210) of any of the claims 1 to 13, wherein the
centralized controller (213) includes a computer readable product that includes computer
readable instructions, and

wherein the computer readable instructions perform at least one of select and con-

figure operating parameters of the integrated plasma cutting system (210).

15. The integrated plasma cutting system (210) of any of the claims 1 to 14, wherein the
computer readable instructions are at least one of cut charts, nesting software, and CAD
programs, and/or wherein the computer readable instructions include cutting information for
cutting at least one of holes, contours, and shapes, and/or wherein the cutting instructions

further include information of a type of material being cut.

15
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