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@) Plasma torch shutdown circuit.

@) A plasma torch (11) is supplied with its d.c.
operating voltage by a drooping transformer (33) and
a rectifier (31), for striking an arc between an slec-
trode (19) and a workpiece (13). If the arc strikes
between the electrode and the torch casing (17), the
operating voltage drops. A control circuit (51) senses
when the operating voltage is below a threshoid
value and turns off the power supply by opening a
solenoid switch (39, 41, 43). This action is briefly
disabled each time the power supply is turned on to

allow the operating voltage to build up to its normal
level, above the threshoid. V) p
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PLASMA TORCH SHUTDOWN CIRCUIT

This invention relates to a plasma torch shui-
down circuit as set forth in the introductory part of
claim 1.

Plasma torches, also known as electric arc
torches, are commonly used for cutting, welding
and spray bonding of workpieces and operate by
directing a plasma consisting of ionized gas par-
ticles toward a workpiece. Typical plasma torches
are illustrated in US Patents 4,324,971, 4,170,727
and 3,813,510, assigned to ourselves. A gas to be
ionized is supplied to the front end of the torch in
front of an electrode. A d.c. potential is applied
between the electrode and the workpiece by a
power supply that usually includes a dropping
transformer and bridge rectifier. Gas ionized by this
voltage exits an opening of a tip surrounding the
electrode and appears as a flame which extends
externally from the tip. As the torch head or front
end is brought down towards the workpiece, the
arc jumps from the electrode to the workpiece and
applies heat suifficient to cut, weld or bond the
workpiece, as desired.

The torch can operate either in a stand-off
mode or in a drag mode. In the stand-off mode, the
torch tip is maintained a short distance above the
workpiece; say 6 mm. In the drag mode, the torch
tip is touching the work, thus being in electrical
contact with the work, and the torch is dragged
across the workpiece.

Occasionally, during the use of such a torch in
the stand-off mode, an arc is undesirably formed
within the torch itself between the elecirode and
the surrounding tip and then from the tip to the
workpiece. This condition is called double arcing.
Occasionally, during the use of such a torch in the
drag mode, an arc is undesirably formed within the
torch itself between the elecirode and the tip or
any other metallic part of the internal torch body
which is electrically connected to the tip. The elec-
tricity completes its path by flowing from the tip to
the workpiece because the tip is touching the work-
piece. The existence of the internal arc is usually
not readily apparent to the torch user. If permitted
to continue for a time, internal damage to the torch
oceurs.

One technique suggested for dealing with this
problem is to sense an increased voltage of the
torch tip resulting from the internal arcing, and turn
off the power supply in response to an increase of
that voitage over some threshold. This technique is
satisfactory for detecting internal arcing during the
stand-off mode, but is rendered inoperative during
the drag mode because there is no voltage to
detect on the top when the tip is in electrical
contact with the workpiece which is grounded.
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Therefore, it is a principal object of the present
invention to provide a power supply control tech-
nique and system that turns off the power to a
torch in response to undesired internal arcing no
matter how the torch is being used at the time.

The present invention is defined in the charac-
terising part of claim 1. The undesired internal
arcing of the plasma torch causes the voltage level
between the internal torch electrode and the work-
piece to drop to a fraction of its normal operating
voltage. The undesired arcing is thus detected by
this voltage drop and the power supply discon-
nected. In order to aliow the power supply to be
initially turned on, these safety circuits are disabled
for a short time after such initial turn-on in order to
allow the operating voitage of the system to rise to
its normal level before the automatic power shut-off
feature is enabled.

The invention will be described in more detail,
by way of example, and with reference to the
accompanying drawings in which:

Figure 1 is a system schematic block dia-
gram of a plasma torch and its power supply that
incorporates the improvements of the present in-
vention;

Figure 2 is a block diagram of the control
circuits of the system of Figure 1; and

Figure 3 illustrates exemplary logic signals in
the control circuit of Figure 2.

Description of a Preferred Embodiment

Referring to Figure 1, a plasma torch head 11
of a standard design is schematically illustrated
adjacent a workpiece 13 upon which the torch is
operating. A case 15 of the torch has a tip element
17 attached at one end. An elecirode 19 is heid
within the case 15 and tip 17. The tip 17 has an
opening 21 at one end. A source 23 of plasma gas
under pressure is connected with the interior of the
torch 11 by a conduit 25. The plasma gas flows
through the conduit 25, around the electrode 19
and then out of the opening 21.

Conductors 27 and 29 carry the direct current
power supply to the torch head and workpiece. The
negative voltage lead 27 is attached to the elec-
trode 19, and the ground potential lead 29 is con-
nected to the workpiece 13. As is well known, an
arc is formed between an end of the electrode 19
adjacent the tip opening 21 and the workpiece 13
through the flowing gas, thereby providing the heat
for performing the desired cuiting or welding op-
eration on the workpiece 13.
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As is standard practice, the power supply lines
27 and 29 of the example system of Figure 1 are
connected to an output of a bridge rectifier whose
input is connected to secondary windings of a
drooping transformer 33. Primary windings of the
transformer 33 are connected through lines 35 and
37 to single pole switches 39 and 41, respectively,
and then to the a.c. power line source. The
ON/OFF switches 39 and 41 are preferably op-
erated together as contacts of a solenoid 43 in
response to an electrical signal in a line 45.

The desired condition of operation is, as is well
known, for the arc to extend from the lower end of
the electrode 19, through the orifice 21 and against
the workpiece 13. It is not unusual, however, for the
arc to extend instead between the slectrode 19 and
an inner surface of the tip 17. If this is permitted to
continue very long, the electrode, tip and/or other
internal parts are severely burned or melted due to
excessive heat generated. This renders the torch
unusable until repaired. Heretofore, such a con-
dition has been detected primarily by a visual
indication of the torch operator, but by the time it is
noticed, excessive damage has already been done.

The conditions that cause this undesirabie in-
ternal arcing are many. One cause is a reduced
flow of plasma gas through the torch and out the
opening 21. It is the swirling motion of piasma gas
that provides a high resistance path between the
electrode and the internal surface of the tip 17. But
when the plasma gas source 23 does not provide
enough gas, or there is a leak in the system, or the
opening 21 is covered by a placement against the
workpiece, or some other cause, such internal ar-
cing will occur.

Another common cause of such internal arcing
is the excessive wear of the lower end of the
electrode 19 from extended periods of use. As the
electrode end burns upward away from the opening
21, the arc finds a lower resistance path to the tip
17 than to the workpiece 13.

Therefore, in accordance with the present in-
vention, in order to automatically sense such un-
desired internal arcing, control circuits 51 are pro-
vided to turn off the power to the transformer 33 by
actuating the solenoid 43 when such conditions are
detected. Since the transformer 33 is wound to
have a generally constant current output under
varying load conditions, it has been found that the
undesired internal arcing conditions cause the out-
put voltage across lines 27 and 29 of such a power
supply to decrease significantly from that voltage
that exists under normal operating conditions with-
out the undesired internal arcing. It is, therefore,
this voltage drop that is sensed by the circuits 51
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and which causes the power to be turned off at
switches 39 and 41. This voltage is sensed by a
line 53 connected to the negative rectifier output
line 27, and by a connection to ground potential.

Also connected to the control circuits 51,
through a line 57, is a manually operated switch 55.
The pushbutton switch 55 is of a type currently
used in plasma torches to cause the power supply
to be turned off unless the operator is depressing
the switch. Also shown in Figure 1 is a plasma gas
flow sensor 59 that is connected by a line 61 to the
control circuits 51. As in current torches, the power
supply is turned off in response to sensing little or
no plasma gas flow into the torch.

The control circuits 51 are shown in a -
schematic block and logic diagram of Figure 2. A
threshold circuit 65 receives the bridge rectifier 31
output voltage as an input and emits as an output,
in a line 67, a binary signal representative of
whether the rectifier output voltage is above or
below a specified threshoid. A typical torch operat-
ing voltage is around 100 volts, and the threshoid
is set to be about 50 volts, or one-haif of the
normal operating voltage. For the purposes of this
explanation, the voltage in the line 67 is denoted to
have a value of a logical "1" when the rectifier
output voltage is above the set threshold, and a
level of a logical "0" when below that threshoid.
The circuit 65 may be formed of any commonly
available threshold device, such as a comparator
circuit, inherent threshold operation of available
logic elements, and the like.

Additional logic circuit elements of Figure 2
include an OR-gate 69 having the line 67 as one of
two inputs, the other input being a line 71. An
output line 73 becomes one input of an AND-gate
75 whose output is a line 77. The AND-gate 75 has
a second input, a line 79.

In operation, a "1" in the line 67 will cause a
"1" to appear in the line 73 which, in turn, will
cause a logical "1" voltage level in the line 77 so
long as a logical "1" exists in its second input 79
at the same time. When these conditions are met,
driving circuits 81 are caused to emit a signal in
the line 45 to the solenoid 43 (Figure 1) that keeps
the switches 39 and 41 in their "ON" position. The
line 79 is an output of an AND-gate 83 which is
shown to have four inputs, namely the line 57 from
the operator controlled ON/OFF switch 55, the line
61 from the plasma gas flow sensor 59, and two
other lines 85 that are often provided for detecting
other conditions, such as excessive power supply
temperature, open cabinet doors, and the like. For
this example, a normal condition from any of these
sensors in the four input lines to the AND gate 83
is considered to be a logical "1" voitage level.
When all four lines are at that level, its output line
79 is a "1" which causes the driver circuit 81 to
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keep the power ON/OFF switch in its ON position.
When any of these inputs becomes a logical "0",
such as by the operator releasing the switch 55 or
the plasma gas flow stopping, the output in the line
79 goes to a logical "0", which causes the output
77 of the AND-gate 75 to also go to a logical "0"

“level. This in turn causes the driver circuits 81 to
operate the solencid 43 to open the switches 39
and 41 to turn off the power supply.

When the power supply output voltage falls
below the set threshold, a logical "0" exists in the
line 87 which will pass on through the OR-gate 69
and AND-gate 75 to cause the driver circuits 81 to
turn off the power unless there is a logical "1™ in
the line 71 that is a second input to the OR-gate
89. The voltage level in the line 71 is controlled by
a timing circuit 87 whose input is obtained from the
line 79. The function of the circuit 87 is to provide
a logical "1" in the line 71 for a short time, such as
a 0.1 second, after power is initially turned on to
the plasma torch system by closing the switches
39 and 41. This initial turn-on condition is detected
when the operator pushes the power control button
55 (Figure 1) which causes the output of the AND-
gate 83 (Figure 2) in line 79 to rise from a logical
"0" to a "1". The circuit 87, in response io that
change of voltage level in the line 79, generates a
logical "1" in the voltage leve!l in the line 71 to
effectively disable the threshold circuit 65. This
occurs since, during that short interval of time after
power is first turned on to the system, the logical
"1" in line 71 is forced through the line 73 to the
AND-gate 75 regardless of whether the voltage
level in the line 67 isa "0" or "1™

The reason for this timing circuit 87 is to force
the control circuits to allow power to remain con-
nected for a short time until the voltage level which
is sensed by the threshold circuit 65 rises from
2ero to its normal operating voltage. If it does so
rise during that interval, the return of the voltage
level in the line 71 from a "1" to a "0" at the end
of that short interval does not affect operation of
the device. However, if there is a problem with
internal arcing at the time that power is turned on
to the system, it may turn off again at the end of
that initial interval set by the timing circuit 87 since
the voltage in the line 67 will be "0" instead of "1".
But such a short period of arcing causes little
damage. The timing circuit 87 can be of any con-
venient design that utilizes a resistance-capaci-
tance (RC) circuit, as is well known.

The waveforms of Figure 3 best illustrate some
of the operation of Figure 2 that has been de-
scribed above. The voitage levels in the four fines
identified in Figure 3 are given, either at a logical
"0" or "1" level. in this example, it is assumed that
power is initiated to the system at time 0. It is at
this time that the output in the line 79 goes from
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"0" to "1" since all of its inputs are then a logical
"1" voltage level. This starts the timing circuits 87
which causes its output in the line 71 to change
from "0" to "1" at time 10, as shown in Figure 3(A).
The output of the threshold detecting circuit 65 -
(which is shown in Figure 3(B)) changes from a "0"
to a "1" sometime later, at time t1, the time neces-
sary for the power supply output to reach its nor-
mal level after first being turned on. The signal in
the line 71 keeps the control circuits from imme-
diately shutting off the power supply again, at least
until the time 12 when the signal output of the
timing circuit 87 returns to its "0" level, as shown
in Figure 3(A). The interval between times t0 and t2
is usually a fraction of a second, as little as 0.1
second.

Another change of condition is illustrated in
Figure 3, occurring at time t3. It is assumed that
the threshold circuit 65, at that instant, detects a
low voltage, and its output thus drops from a "1" to
a "0", as shown in Figure 3(B). This then causes
the signal in line 77, as shown in Figure 3(D), to
drop from a "1" to a "0", and the driving circuits
81 are caused to turn off the power supply through
the solenoid switch. '

Another condition, not shown, which will cause
the power to be turned off, is for one of the inputs
to the AND-gate 83 to go from a "1" to a "0". This
will cause its output (Figure 3(C) curve) to go to a
"0". When this occurs, the signal level in the line
77 also goes from a "1" to a "0" and causes the
driving circuits 81 to turn off the power to the
system.

Although the present invention has been de-
scribed with respect to a preferred embodiment
and specific example thereof, it will be understood
that the invention is entitied to protection within the
full scope of the appended claims.

Claims

1. A plasma torch shutdown circuit comprising
a plasma torch (11), a power supply circuit (33,
31) for providing a voltage between an electrode -
(19) of the torch and a workpiece (13) so as to
strike an arc in plasma gas flowing past the elec-
trode, and a control circuit (51) for switching off the
power supply when a fault condition is sensed,
characterised in that the control circuit (51) detects
when the said voltage falls below a threshold value
and thereupon swiiches off the power supply.

2. A circuit according to claim 1, characterised
in that the control circuit (51) includes a delay
circuit (87) which disables the controi circuit from
switching off the power supply in response to a
voltage below the threshold value, for a fixed time
after the power supply is switched on.



7 0213 689 8

3. A circuit according to claim 2, characterised
by a switch device (39, 41, 43) for energising the
power supply circuit (31, 33) and in that the control
circuit (51) normally provides an enabling signal -
(45) to close the switch device when both a first
signal (79) and a second signal (67) are present,
where the first signal commands operation of the
torch (11) and the second signal indicates that the
said voltage is above the threshold value and in
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that the control circuit (51) also provides the en-
abling signal {45) to close the switch device when
both the first signal (79) and a third signal (67) are
present, where the third signal is provided by the
delay circuit (87) for the said fixed time in response
to the first signal.

4. A circuit according to claim 1, 2 or 3,
characterised in that the power supply circuit com-
prises a drooping transformer (33) and a rectifier.
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