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METHOD & APPARATUS FOR DETECTING AN INADEQUATE
GAS SUPPLY FOR A PLASMA CUTTER

'

ABSTRACT OF THE DISCILOSURE

A method and apparatus for plasma cutting is
disclosed. A regulated flow of gas 1is pfovided to the
torch. Power is also provides to the torch. A controller
controls the system and includes a delay circuit. A gas
pressure sensor is connected to the torch and/or the gas
flow control, and/or the controller. A user indicator 1is
connected to the delay circuit, and the user indicator is
activated upon low pre'ssure being deteéted, and maintained
even if the pressure rises. |
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Method & Apparatus For Detecting An Inadequate
' Gas Supply For A Plasma Cutter '

FIELD OF THE INVENTION |
' The present invention relates -generally to the art
of plasma cutting. More specifically, it relates to plasma
cutters having a gas suppiy for the cutt ing torch.

BACKGROUND OF THE INVENTION
'~ Plasma arc cutting, .or plasma cutting, is a

process in which an electric arc is used to cut a metallic
workpiece. - Generally, plasma arc cutting uses aﬁ electric
arc between an'e‘lectrode and the metal to be cut. The arc
. creates a plasma that cuts the metallic v}orkpiece.' The
electrode is part of a-cutting torch. | '

There are a .number of known methods of initiating
a plasma arc discharge arld starting an arc plasma torch (for
plasmé cutting). Often, a pilot arc is drawn between a
cathode and an anode, and an ionizable gas is directed to
- flow .arouhd the arc, creating a plasma jet. The arc is then
re-directed to the workpiecse. |

One common method for starting the pilot arc,
called contact starting, uses a specially designed torch and
" nozzle. An example of a contact start torch is described in
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U.S. Patent No. 4,791,268, to N. Sanderss et al., and U.S.
Patent No. 4,902,871, to N. Sanders, et al., hereby
incorporated by reference. When an operator triggers the
contact start torch, the pilot circuit generates a pilot
current between a touching electrode and torch nozzle.
Also, a valve in the torch is opened, and an ionizable gas
flows through the torch. The gas moves the electrode away
from the nozzle, creating a pilot arc therebetween. The
plasma torch then is brought near the workpiece to initiate
the cutting arc, and the gas flowing through the torch
causes the arc to transfer to the workpiece.

Another prior art plasma cutting system and.torch
is described in Method And Apparatus For A Contact Start
Plasma Cutting Process, iséued August 26, 1997 as Patent No.
5,660,745, and is hereby'incdrporated by reférence - -'

Generally, prior art plasma-systems (also called
- plasma cutters or plasma cutting power supplies) include ‘a
source of gas (such as a tank, shop air, or a compressor), a
-power supply, a controller, and a torch. The power source
typica].iy includes the valve that regulates the flow of gas.’
A valve may also be included in the torch, or elsewhere
between the torch and the source of air. |
| The system may inciude a pressure sensor to sense-
the pressure- of the gas supply. If the pressure is 16w, the
- controller disables the system -- when the trigger is pulled
the pilot current will not be provided, and the gas valve in
the torch is not operied. An indicator, such as-an LED, may
be provided to notify the user that an inadequate gas supply
caused the system not to initiate when the trigger was
pulled. This system works fine when the gas supply 'is SO
inadéqu‘até that the pi'essure is too low even when no gas is -
flowing. e |

Unfortunately, such prior art system have a
drawback. It 1is possible for the gas supply to be
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marglnally 1nadequate -- provide sufflclent pressure when'the_
valve is closed (and no gas is floW1ng) but provide o
insufficient pressure when the valve in the torch is opened.
‘Thus, before starting the pressure is adequate. The user
pulls the trigger, and when the valve opens the pressure drops
(below a desired threshold). This disables this system, and
lights thelloW'pressure indicator, or damages components.
But, the valve is moved.back-to the closed position, causing
the gas flow to cease. The pressure quickly returns to an-
acceptable level, and the indicator light is extinguished.

'Often,-thepressure rises so fast that by the time the user
looks to determine if an inadequate gas supply is the
prOblem, the 11ght is no longer lit. 'This causes the user
to'belleve the'prdblem is somethxng other than the gas
supply, and can result 1n.downt1me,'warranty costs, etc. A
81m11ar'prdblem.can.occur for other temporary losses of
preSSure; such.aS'wheﬁ'the loss occurs after cutting has
been performed for a period of time. | |
Thus, there is'a.need.for aplasma.cutter*that.
senses a marginally lnadequate-gaSjpressure, and/or to
indicate to the user the gas pressure is inadequate, and to
maintain that indication even if the pressure returns to an

~acceptable level.

MARY OF THE PRESENT INVENTION

" According to 'a first aspect of the invention a
plasma cutting power supply provides power to a plasma .
torch. It includes a gas flow control that regulates the
flow of gas to the torch and a power source that provides
poﬁer.to the torch. A controller inclﬁdes‘adelay circuit.
A gas pressure sensor is connected.;o the torch and/or the
gas‘floW'control, and/or the controller. A user indicator
is connected to the delay circuit.
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| According to a second aspect of -the invention a
plasmé cutter for cutting with a torch includes a gas flow
control connected to the torch and a power source connected
to the torch. A pressure sensor is connected to the gas
flow. A comparison circuit is connected to at least one
threshold and the pressure sensor, and provides an output
connected to the flow control switch, a power disable
circuit, and a user-indicator. The user indicator is also
connected to a delay cilrcuit.

The sensor 1s a dynamic sensor in one alternative.

The delay circuit includes a timing delay circuit,
a reset input, and a user-selectable reset input in various
alternatives. The reset input is connected to the trigger
and/or a cutting parameter feedback circuit_ih additional

-~ alternatives.

The controller further includes-circuitry‘to
disable the output in response to the gas pressure sensor in
another alternative. . - -

Accordlng to a third aspect of the 1nvent10n a
:method of plasma cuttlng'W1th a torch includes providing gas
to the torch, regulating the gas flow, and providing cuttlng
power to the torch. The gas pressure is sensed and power
and gdslflowto the torch are halted if the gas.pre33ure is
lower than a threshold. A user indicator is activated and
‘maintained even if the pressure rises when the gas flow is
stopped..

The pressure is sensed dynamically in one
“alternative. ' |

The indication is maintained for a predetermined
period of time, until the user resets the indicator, or
until current flows 1in the torch in various alternatives.

Other brincipal;features and advantages of the
invention will become apparent to those skilled in the art
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upon review of the following drawings, the de'tailed
description and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is block diagram of a plasma cutter

constructed on accordance with the preferred embodiment;
Figure 2 is a block diagram of a controller used

to control the plasma cutter of Figure 1l; and
Figure 3 is a schematic of a comparator circuit

with a delay in accordance with the invention. |
Before explaining at least one embodiment of the

invention in detail it is to be understood that the
invention is not limited in its application to the details
of construction and the arrangement of the components set

forth in the following description or illustrated in the

The invention 1s capable of other embodiments or

drawings.
Also, it

of being practiced or carried out in various ways.
is to be understood that the phraseology and terminology
emploved herein is for the purpose of description and should
not be regarded as limiting. Like reférént:e numerals gre
used to indicate like components. ’

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
While the present invention will be illustrated
with reference to a particular plasma cutter, using
particular components, 1t should be .u-nderstood at the outset
that the invention may be employed in other environments, or

implemented using other plasma cutters, and/or other

components. | |
Generally, the invention includes providing an

indicator of a temporary or dynamic loss of pressure. The
indicator is maintained on even if the pressure recovers.

The indicator is preferably activated when the pressure loss
is of sufficient magnitude and duration to cause the system
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to be shut down. But it may also be activated when the .
preséure loss is not of sufficient duration and/or time to
cause the system to be shut down.

The invention is implemented with a Miller
Spectrum 300® plasma cutter in the preferred embodiment.

- The i1nvention includes additional control circuitry (analog
or digital) to maintain the indicator even if pressure‘

' recovers. The indicator may be a separate LED, maintaining
an ex1st1ng LED 1lit, flashing the existing LED (the
preferred embodiment), an adible alarm, a text dlsplay,
other visible indicators, other known indicators, or
combinations thereof.

- A system 100, constructed in accordanc‘e with the
preferred embodiment is shown in Figure 1. Details of the
system not discussed below are not important to the
invention, and may be similar to any plasma cutter. System
100 includes a gas supply 102, a valve 104, a torch 106, a.
power supply 108, preSsur'e sensor 109, a controller 110, a
trlgger 112, and an 1ndlcator 114. o

| Gas supply 102 may be a compressor, a gas
cylinder, shop . air, or other sources of air. If it 1is a
compressor it may be separate from, or integral with, the
remalnder of plasma cutter 100. Gas supply 102 provides gas
through valve 104 .to torch 106. Valve may be part of, or .
- separate from, power supply 108 or torch 106. Valve 104
regulates the flow of gas into torch 106 (i.e., it is a flow
controller). Valve 104 may include a vent position, such as
described in U.S. Patent 5,660,745. " Generally, valve 104 is
opened and closed in response to a control signal (or |
control:signals) originating in controller 110.

Torch 106 is preferably a torch such as the torch
descrlbed above, or in the patents 1ncorporated above.
However, other torches may also be used. Torch 106 also
receives power from power supply 108. Trigg"er 112 is
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typically integral with torch 106, and i's* pulled when the
user wishes to begin cutting.

Controller 110 receives as inputs a pressure
signal from pressure sensor 109, a current, voltage or power
feedback signal from power supply 108, and a trigger signal
from trigger 112 (which indicates the users intent to cut).
It also receives user-selected parameters from the system
control panel, such as desired cutting current. Controller
110 includes circuitry (di_gital or analbg) to procesg these
inputs, and in response thereto provides control sigﬁals to
power supply 108, wvalve 104, and indicator 114. Controller
110 may be on a single circuit board or may .be distributed
on several boards, or even in several cases. Controller 110
may also control gas source 10.2. Controller 110 is |
implemented in the preferred embodiment using a cor;t-rOller‘
of the prior art (modified as set fdrth.belqw) , but the |
particular circuitr.y‘ of controller 102 are not relevé.nt to
the invention. ‘ |

Power supply 108 1is inmlementéd in the preferred
~ embodiment using a boost converter and a chopper, although
the any power topology (such as any coxiverter-, inverter,
phase control, etc.) could be used. Power supply 108 may
. receive input power from é’ utility source, a generator,
batteries, or any other source.

Generally, power supply 108 prOvideS current to
torch 106. The maghitude of the current is determined by
controller 110, and is controlled be controlling switches in
the preferred embodiment. Current feedback is obtained from
within power supply 108 1in the preferred embodiment, but may
be obtained from torch 106 ‘OI':‘ from the cable pr;oviding
current to torch 106 in other embodiments. Voltage and
power feedback may also be provided. Additiohélly,
functions of current, voltage and power (such as
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derivatives, exponents, etc.), may also be used for
feedback. |
' - Pressure sensor 109 senses the pressure of the gas
provided to torch 106 (i.e., it is operatively connected
thereto). It is located upstream of valve 104 in the
| preferred embodiment (but may be located downstream of, ox
be part of valve 104 in alternative embodiments). - Pressure
sensor 109 may located inside power supply 108, torch 106,
gas source 102, or disposed therebetween. Pressure sensor
109, is preferably the sensor found in the Miller Spectrum
300™ or it may be a commercially available pressure Sensor.
It dynamiCally senses pressure and provides .a voltage output
in response thereto in the preferred embodiment.

Indlcator 114 is an LED on the system control
panel (i.e., the front panel or user interface). It is
turned on by controller 110 when pressure sensor 109 senses
a low pressure condition (i.e., a pressure lower than a
desired .threshold). Controller 110 causes indicator 114 to
flash if the"dynamic pressure rises back above the threshold -
- in the .pre.f.erred' embodiment, and maintains it 1lit in an
~ . alternmative embodiment. Indicator 114 is 'exting'uished in
~ response to cutting current -or voltage (i.e., cutting
parameters), when the trigger is re-triggered when a
predetermined time has elapsed, or when a user reset is
activated in various embodiments. Indicator 114 is pulsed
on and off if the pressure rises above the .threshold in one
embodiment, to indicate to the usef the gas pressure problem
is dynamic (and left on when‘the pressure problem is static
and the preseure remains below the threshold). There may be
a falling threshold used to determine when the pressure is
too low, and another rising threshold ueed to determine when
the pressure has re"covered. Two indicators are provided,
one for a static pressure problem, and one for a dynamic
pressure problem, or indicator 114 may include multicolored
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lights, audible alarms, a user display streen, or a
combination thereof in various alternative embodiments.

- Figure 2 shows a block diagram, of the portion of
Controller 110 unique to this invention, and it includes a
comparison circuit 201 (circuit, as used herein, includes
- analog and/or digital components, and/or a microprocessor or
a portion thereof), a valve control circuit 203, a power
disable (inhibit) circuit 205, and a delay circuit 209.
Comparator 201 receives as inputs the sensed dynamic |

pressure, and a threshold. It provides as an output a
signal indicating 1f the pressure 1s adequate or inadequate.

' The comparator output is provided .to valve cohtrol
signal 203, which causes the valve to be closed (cutting off
- the gas supply)‘in.the'preferred.embodiment. Power disable
circuit 206 also receives the comparator output signal, and
-inhibits or diéableS'power supply 205, so that the”cutting
cufrent is terminated. This protects the system when the
gas supply is inadequate. Alternative embodiments provide
‘that the valve is left open, and/or current is not inhibited
merely because of an 1nadequate gas supply.

Delay circuit 209 receives the comparator 201
output as well, and maintains the indicator on (continuously
or flashing) even if the pressure recovers. The delay lasts
for approximately one minute in the preferred. The delay
lasts for other lengths, until the user resets the circuit,
'until the trigger is re-triggered, or in response to cutting
current or voltage. Thus, when the pressure dynamically
drops below the threshold, the user is notified, even if the
pressure recovers when the trigger 1s released.

Comparator 201 and delay circuit 209 and 1ndlcator-
114 are implemented with a microprocessor in the preferred
embodiment. An aite’rnative, analog embodiment 1is
implementednusing'the circuitry of Figure 3. An op amp 301
receives a pressure'feedback signal P anda-threshold signal
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V through scaling resistors 303-306. When the scaled
feedback signal is greater than the threshold the. output of
op amp 301 is low, and the indicator is not lit. When the
feedback signal 1s less than the threshold, the output of .Op
amp 301 is high, and quickly charges a capacitor 308. - A
resistor 309 is also provided on the output, and together
with capacitor 308 set an RC time constant that determines
the time indicator 114 remains on after the pressure
feedback signal rises above the threshold. Alternatives
include providing resistor 309‘ in series with a user reset,
such that resistor 309 drains capacitor 308 only when the
reset is pressed, or discharging capacitor 309 in response
to cutting current or voltége, or the 'trigger 1s re-
triggered. |

Numerous modifications may be made to the present
invention which still fall within the intended scobe hereof.
Thus, it should be apparent that there has been pi'o_vided in
accordan’ée with the' present invention a method and apparatus
for plasma cutting that fully satisfies the objec‘tives. and
advantages set forth above. Although the invention has been
described in conjunction with specific embodiments thereof,
it ié evident that many alternatives, modifications and -
variations will be appareﬁt to those skilled in the art.
- Accordingly, it is intended to embrace all. such
alternatives, modifications and variations that fall within
-the spirit and broad scope of the appended claims.
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CLATIMS -
The embodiments of the invention in which an

exclusive property or privilege is claimed are defined as
follows:

1. A plasma cutting power supply capable of
providing a power to a plasma torch comprising:
a gas flow control dispbsed to regulate a
flow of gas to the torch;
a power source disposed to provide power to
the torch} | |
a controller, including a delay circuit,
connected to the power source; |
. a gas pressure sensor, opei'atively connected
to at least one of the torch and the gas flow control,
‘and further connected to the controller; and
a user indicator, connected to the delay
circuit. | |

2. The plasma cutter of claim 1 wherein the gas
pressure sensor is a dynamic sensor.

3. The plasma cutter of claim 1 wherein'the
delay circuit includes a timing delay circuit. |

- 4, The plasma cutter of claim 1 wherein the
delay circuit includes a reset input.

'S5, The plasma cutter of claim 4 wherein the
reset circuit includes a user-selectable reset input.

6. The plasma cutter of claim 4 wheréin the
reset circuit includes a trigger input.
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7. The plasma cutter of claim 4 wherein the
reset circuit includes a cutting paramater sense 1nput

8. The plasma cutter of claim 1, wherein the
controller further includes an output current disable
circuit, responsive to the gas pressure sensor.

9. A plasma cutting power supply -'capable of
providing a power to .a pl‘asma torch comprising:
| gas means, operatively connected to the
torch, for providing gas to the torch and for
controlling the flow thereof; |
power means, electrically connected to the
toxrch, for providing power to the torch-‘
control means, operatlvely connected to the
power means, for controlllng the power means,
| .~ pressure sensor means for sensing the
pressure of the gas provided to the torch, and for
providing a pressure feedback signal to the control
means, ‘wherein the pressure sensor means is connected
“to the source of gas and the controller; and
pressure 1ndlcator means for indicating a low
‘pressure condition, wherein the low pressure means 1S
connected to the pressure sensor means; and
| delay means, for maintaining the low pressure
condition indicator. |

10. The plasma cutter of claim 9 wherein the
pressure sensor means is further for dynamically sensing
pressure.

11. The plasma cutter of claim 10 wherein the
delay means includes means for maintaining the '
the delay for a predetermined period of time.
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12. The plasma cutter of claim 10 wherein the
indicator means includes means for resetting the indicator
means.

13. The plasma cutter of claim 12 wherein the
means for resetting includes a user-activated reset input.

14. The plasma cutter of claim 12 wherein the
means for resetting .includes means for resetting in response.
to a torch trigger signal. |

15. The plasma cutter of claim 12 wherein the
means for resetting includes means for sensing a cutting
parameter in the torch. | |

16. The plasma cutter of ¢laim 9, wherein the
control means includes means for disable output current in
response to the gas pressure sensor sensing a low pressure.

17. A method of plasma cutting with a torch
comprising: | |
providing gés to. the torch;
allowing gas to flow into the torch;
providing cutting power to the torch;
sensing the pressure of the gas;
stopping pbwer to the torch, gas flow to the
torch, and indicating to the user if the gas pressure
is lower than a threshold; | -
maintaining the indication even if the
pressure rises when the gas flow is stopped.

18. The method of claim 17 wherein sensing the
pressure includes dynamically sensing the pressure:
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19. The method of claim 17 wherein the indication

is maintained after the pressure rises above the threshold
for a predetermined period of time. |

™

20. The method of claim 17 wherein the indication
is maintained until the user resets the indicator.

' 21. The method of claim 17 wherein the indi'cation
is maintained after the pressure rises above the threshold
until current flows in the torch.

22. A plasma cutter for cutting with a torch
comprising:
means for providing gas to the torch;
means for allowing gas to flow into the

torch, connected to the means for providing gas to the
torch and to the torch; '

| means for prov1d1ng cutting power to the
,torch connected to the torch;

" means for sensing the pressure of the gas,
connected to the means for allowing;

means for stopping power to the torch if the
gas pressure is lower than a threshold, connected to

the means for providing cutting power and the means for
sensing;

| means for stopping gas flow to the torch if
the gas pressure is lower than the threshold, connected

to the means for allowing and the means for sensing;
means for indicating to the user if the gas

pressure. is lower than the threshold, connected to the
means for sensing; and . .
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means for maintaining the: indication even if
‘the pressure rises when the gas flow is stopped,
connected to the means for indicating.

23. A plasma cutter for cutting with a torch
comprising: '
a flow control, in a gas'flow'path connected
to the torch;-
' a power source, connected to the torch;
'apressure sensor, connected to at least one
of the flow control and the torch; |
a comparison ci:cuit, connected to at least
‘one threshold and the pressure sensor, and providing at
least one comparison output, wherein the at least one
comparison output is connected to ﬁhe flow cogtrol;
"ajpower.disable circuit,. connected to and
responsive to the at least one comparison output, ahd.
opératively'connected to the power sourcéf and
' -a user-indicator connected to the comparison
output and to a delay circuit. |

24. The plasma cutter of claim 23 wherein the
pressure sensor is a dynamic sensor.

25. The plasma cutter of claim 24 wherein the
delay circuit includes a timing delay circuit.

-

26. The plasma cutter of claim 24 wherein the
- delay circuit includes a reset input. | : a

| 27. The plasma cutter of claim 26 wherein the
- reset -input-is connected to a user-selectable reset.
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28. The plasma cutter of claim-26 wherein the
reset input 1s connected to a trigger on the torch.

29. The plasma cutter of claim 26 wherein the

reset input 1s connected to a cutting parameter feedback
circuit.

30. The plasma cutter of ciaim.24, further
including a source of gas connected to the flow control.
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