
0122607 Description This invention relates to the automatic control of the
current or voltage of an arc drawn between an electrode and a workpiece for
purposes of air-carbon arc cutting and gouging. In air-carbon arc cutting
and gouging of metal, it is highly desirable to be able to accurately
control the spacing of an electrode with respect to a workpiece so as to
effect an accurate cut. As described in U.S. Patent 3,659,071 it has
previously been possible to control the spacing of an electrode with
respect to the workpiece to a close tolerance by sensing any variation in
arc voltage from a steeply drooping voltage source. The electrode then
would be automatically moved in a direction to cancel the variation. 10
The control system described in said U.S. Patent uses a steeply drooping
voltage source and senses the arc current the variations of which are
inversed variations of the voltage output of the voltage source which has
said characteristic. The arc current signal derived from the variations of
the voltage output is used in a feedback control means for controlling the
feed of a carbon electrode towards and away from a workpiece in accordance
with the control signal. The control signal is compared with a threshold
value and 15 depending on the comparison result the electrode is moved
either towards or away from the workpiece. Prior air-carbon arc metal
removal systems have been limited in that they have not been compatible
with both constant potential and constant current sources nor have they
provided certain control and automation features. U.S. Patent 4,320,282
shows control of arc sustaining parameters to mitigate arc quenching
impulse noise. 20    Accordingly, the problem underlying the present
invention is to provide a system for automatically controlling an arc which
is powered from either a constant potential source or a constant current
source. This problem is solved in accordance with Claim 1 by providing a
control system which senses arc current and arc voltage and controls the
feed of a carbon electrode in an air-carbon arc metal removal system having
arc power produced by either a constant potential power source or a
constant current power 25 source comprising: means for sensing the
magnitude of the arc current and providing an arc current command signal;
means for sensing the magnitude of the arc voltage and providing an arc
voltage command signal; feedback control means for controlling the feed of
the carbon electrode towards and away from a workpiece in accordance with
an applied input signal; and 30 switching means for alternately applying as
said input signal to said feedback means (A) said arc current command
signal when said constant potential source provides weld power thereby to
maintain the arc current at a predetermined value, or (B) said arc voltage
command signal when said constant current source provides weld power
thereby to maintain the arc voltage at a predetermined value. The invention
automatically provides relative motion between the electrode and the
workpiece after 35 arc current above a predetermined value has been present
a predetermined amount of time. Moreover, the system automatically turns
the arc source off if the arc voltage drops below or rises above a
predetermined threshold for a predetermined amount of time. Still, the
control system of the invention automatically turns the arc source off if
the arc current drops below a predetermined threshold for a predetermined
amount of time. 40     Still further, the control system  automatically
retracts the electrode from the workpiece for a predetermined amount of
time long enough to insure physical separation of the electrode and the
workpiece when the arc current has been extinguished.- The control system
senses the presence of an arc current above a threshold for a predetermined
interval and provides relative motion between the workpiece carriage and
the electrode thus allowing the 45 electrode arc to cut to a controlled
depth groove in the workpiece. In the event that the electrode arc current
drops below the predetermined threshold, a low current sensing circuit is
activated. If the electrode arc current remains below the threshold for a
predetermined time interval as a result, typically, of reaching the edge of
the workpiece, the workpiece carriage travel is terminated. If the arc
current remains below the threshold for longer than a predetermined amount
of time, the electrode power is turned off. This may also 50 be
accomplished if the arc voltage rises above a predetermined threshold. The
control system also senses if the arc voltage drops and remains below a
threshold for a predetermined time period. Thislatter capability permits
automatic detection and shut-down in the presence of
electrode-to-work-piece shortouts. ss Brief description of the drawings
Figure 1 is a block diagram showing the interconnection of the automatic
arc control system invention with a welding power source and a carbon
electrode; Figure 2 is a functional block diagram of the preferred
embodiment of the automatic arc control system; 60     Figure 3 is a
schematic of the functional block diagram of Figure 2. Detailed description
of the invention Referring to the block diagrams of Figures 1 and 2, an
automatic arc control system 10 is connected to an electrical welding power
source 20, electrode feed retract motor 30, carbon electrode 58, and
workpiece 65 travel motor 40. One signal monitored by automatic control
system 10 is the weld feedback "FB" volts on  



0 122 607 cable 21. This signal is used to monitor the
electrode-to-workpiece voltage across arc 70. Similarly, the weld FB
current derived from arc current shunt 60 is monitored by automatic control
system 10 via cable 61. The weld FB current is proportional to the current
passing through arc 70. Automatic outputs of control system 10 include the
operation of contactor relay contacts 184b, feediretract signals by way of
conductors 11, 12 to electrode feed/retract motor 30, and the travel enable
signal by way of conductor 13 to the workpiece travel motor 40. The
operator begins operation of system 10 by adjusting the mode select switch
90 to either a constant current or constant potential setting depending
upon the kind (constant potential "CP" or constant current "CC") of welding
power source 20 being used. He then adjusts the arc level command 80 to a
prescribed arc current or voltage level consistent with the mode switch 90
setting: e.g., if a constant potential power source 20 is used, a specific
arc current level is set. If a constant current source 20 is used, an arc
voltage level is set. The operator adjusts the travel delay 100 to a
satisfactory value and initiates the arc cutting process by way of a
conventional process start, stop control 110. Assuming that the mode select
switch 90 is in the constant potential source mode when the electrode arc
70 is first struck, the weld FB current will initially exceed the value set
into arc level command 80. The weld FB current, appropriately filtered and
converted to a voltage analog for computational purposes by signal
conditioner 230, is fed to feedback command arc control system 150 and
feedback command arc control system 140. These two arc control systems
alternately energize the feed and retract modes of electrode feed retract
motor 30 to cause carbon electrode 58 to alternately feed and retract from
the 20 conductive workpiece 60 thereby to maintain arc 70 at a specific
feedback current level. This is in response to a prescribed arc level
command 80 as set into the automatic arc control system 10 by the operator.
If the mode select switch 90 was in the constant current source mode 92 the
magnitude of the weld FB voltage 21 is then sensed. The weld FB voltage is
filtered by signal conditioner 220 and applied to feedback command arc
control systems 140 and 150. These two arc control systems alternately
energize feed retract 25 motor 30 so that electrode 58 alternately feeds
and retracts from workpiece 121 thereby to maintain arc 70 at a specific
voltage level. The output of signal conditioner 230 is also fed to low
current threshold 240. If the output voltage of signal conditioner 230
represents a weld current greater than threshold, (threshold typically
being 200 amperes) then workpiece travel system 160 initiates a travel
timing interval. If the weld current remains 30 above threshold during the
travel timing interval, the workpiece carriage 120 moves rearward with
respect to the stationary carbon electrode 58, thus cutting a groove of
prescribed depth in workpiece 60. The electrode feed retract process
previously described is sufficiently accurate so as to allow an electrode
58 to workpiece 121 gap 70 as small, typically, as one hundredth of an
inch. At such spacing, the electrode may occasionally weld to the workpiece
causing a short out. A sustained shortout can damage 35 the workpiece 121
as well as the power source 20. The weld FB voltage, suitably filtered and
adjusted in amplitude by signal conditioner 220 is fed to low arc voltage
monitor 190. Low arc voltage monitor 190 contains an arc voltage threshold
detector (typically set at 27 volts when maximum weld voltage is 100
volts). If. the weld FB voltage analog at the output of signal conditioner
220 falls below the arc voltage threshold for a predetermined length of
time (as would happen during a shortout) low arc voltage monitor 40 190
provides a process stop. signal to process stop system 180. The contactor
relay in the process stop system 180 is thereby disabled, opening contactor
relay contacts 184b and thus turning the arc cutting process off and
avoiding damage due to a sustained shortout. Absence of an arc current
(because the contactor is off) is now sensed by arc off retract system 200.
Relay contacts in relay switching system 210 are closed by the arc off
retract system 200. The electrode 58 is 45 thereby caused to retract from
workpiece 121. Electrode retraction is timed by a retraction interval timer
in the arc off retract system 200. The retraction interval is long enough
to ensure that electrode 58 safely exits from workpiece 121. Thus arc.
control system 10 automatically retracts the electrode 58 during process
shutdown. An alternate process leading to shutdown results if the weld FB
current analog at the output of signal 50 conditioner 230 drops below the
low current threshold, as measured by low current threshold detector 240,
for a predetermined time as measured by low arc current monitor 170. This
condition, caused by the electrode 58 reaching the end of the workpiece
121, causes the process stop system 180 to disable the contactor relay 184,
shutting down the process. The foregoing may also be accomplished in a
further embodiment of the invention by sensing a high arc voltage threshold
instead of a low arc current threshold. 55 Speficially, a switch assembly
(not shown) would connect the input of monitor 170 to the arc FB voltage
analog at the output of signal conditioner 220 instead of the output of
detector 240. Accordingly, monitor 170 would then be effective to operate
as a high voltage threshold detector. When the output of conditioniner 220
rises above the high voltage threshold for a predetermined time as measured
by monitor 170, process stop system 180 would disable relay 184 thereby
shutting down the process. '60        A more detailed understanding of the
preferred embodiment of the. automatic arc control system 10 may be gotten
by a review of the functional blocks and logic elements of Figure 3. 



Mode switch 90 Switch 90 is ganged by way of arm 101 to a three pole double
throw switch 99 in relay switching block 65 210. In combination these
switches select either the constant current or constant potential modes of
3    0 122 607 operation. When mode switch 90 is in the CC position, switch
contacts 91, 92 connect a voltage feedback signal at the output of signal
conditioner 220 to the inputs of the feedback command system 150 and
feedback command system 140. In this position, switch 99 contacts 94, 95
connect relay contacts 143a to electrode retract line 12 and contacts 96,
97 connect relay contact 154a to electrode feed line 11. 5     When switch
90 is in the CP position, contacts 91, 93 connect a current feedback signal
at the output of signal conditioner 230 to the inputs of systems 140, 150.
In this CP position, switch 99 contacts 95, 98a connect relay contacts 143a
to electrode feed line 11 and switch contacts 97,98 connect relay contacts
154a to line 12. Thus, the action of switches 90 and 99 is: (1) to select
either a voltage or current feedback signal, and 10 (2) to directly apply
or reverse the connection of relay contacts 143a, 154a to electrode feed
line. 11 and electrode retract line 12. Feedback command system 140 The
feedback command system 140 comprises command feedback comparator 141,
relay driver 142, 15 and solid state relay 143. The principal function of
the feedback command system 140 is the activation of the electrode feed
retract motor 30 via the solid state relay 143 when the weld voltage or
current feedback signal (which feedback signal is present depends on mode
switch 90 position) is less than the arc level command set 80 as entered by
the operator. In the constant current mode of operation, the arc level
command set 80 is a voltage analog of the 20 desired arc voltage. When the
weld voltage feedback signal drops below the arc level command set 80, then
feedback command system 140 causes electrode 58 to retract from the
workpiece 121 raising the voltage feedback signal. In the constant
potential mode of operation, the arc level command set 80 is a voltage
analog of a desired arc current. When the weld current feedback signal
drops below the arc level command set 80, then feedback command system 140
causes the electrode 58 to feed into the workpiece 25 121 raising the weld
current feedback signal. Solid state relay 143 will control either the
electrode feed or retract mode of the electrode feed retractor motor 30
depending upon the mode switch 90 position. If the mode switch 90 were in
the constant current position for reading voltage feedback, then activating
relay 143 enables the electrode retract mode of the electrode feed retract
motor 30. If switch 90 were in its CP position for reading current
feedback, then relay 30 143 enables the feed mode. Feedback command system
150 The feedback command system 150 comprises command feedback comparator
151, a unity gain signal inverter 152, relay driver 153, and solid state
relay 154. The principal function of the feedback command 35 system 150 is
the actuation of the electrode feed retract motor30 via the solid state
relay 154 when the weld voltage or current feedback signal is greater than
the level of the operator-set command 80. If switch 90 were in its CC
position for reading voltage feedback, then relay 154 enables the feed
mode. Alternatively, if switch 90 were in its CP position for reading
voltage feedback, then relay 154 enables the retract mode. The feedback
command logic 150 and the feedback command logic 140 previously discussed
work in 40 opposition: if one causes retraction of the electrode 58 under
its comparator threshold conditions the other causes electrode 58 to feed
under its comparator threshold conditions. In this manner, the null adjust
130 causes an offset in the threshold of comparator 141 which results in a
delay or hysteresis effect minimizing oscillation between the retract and
feed modes. Signal conditioner 230 The signal conditioner 230 includes an
operational amplifier configured as a conventional Butterworth filter.
Additionally the gain of the operational amplifier is set to convert the
arc current shunt 60 full scale output of 50 millivolts to 10 volts. The
bandwidth limiting .of the Butterworth filter is necessary to remove high
frequency components from the arc current derived signal. 50 Low current
threshold detector 240 The low current threshold detector 241 is adjusted
to change state (typically from +15v to -15v) when the weld FB current
signal analog at the output of the signal conditioner 230 is greater than a
predetermined threshold (typically 2 volts when the full scale is 10
volts). Workpiece travel system 160 The workpiece travel system 160
comprises an operational amplifier configured as a positive-going
integrator. 163 and having an input potentiometer 100, relay driver 164 and
travel relay 165. System 160 enables the workpiece carriage travel motor 40
via the travel relay 165 after the weld current exceeds the low current
threshold 240 setting for a prescribed travel timing interval. . 



60     The travel timing interval measurement is accomplished by setting
integrator 163 output initially at zero volts and linearly increasing the
output with respect to time until relay driver 164 enables travel relay
165. The workpiece travel system 60 disables the workpiece travel motor 40
if the weld current drops below the low current threshold longer than a
prescribed interval. As shown in Figure 1, workpiece 60 travels beneath a
stationary electrode 58. In a further embodiment the workpiece may be
stationary while the 65 electrode carriage may travel, with control by the
workpiece travel system 160.    0 122 607 Low arc current monitor The low
arc current monitor 170 comprises a signal inverting unity gain operational
amplifier 171 and an operational amplifier configured as a positive-going
integrator 172. Monitor 170 disables the contactor relay 182 if the weld
current drops below the low current threshold detector 240 setting for a
prescribed 5 "low arc current" length of time (typically .6 seconds). The
measurement of the low arc current time interval is achieved by causing the
output of integrator 172 to linearly drop from a maximum positive signal
towards zero volts. Relay driver 182 (in the process stop system 180)
disables relay 182when integrator 172 output approaches zero volts. As
shown in Figure 3, the input of integrator 172 is connected through
resistor 175 and potentiometer 10   176. In addition, integrator 172 may be
shunted so that it does not provide low current shutoff by means of a
switch 177. These components are provided since conventional power supplies
20 have differing characteristics upon start up. Some power supplies may
have a violent flow of current which has the effect of blowing the tip off
the electrode causing shutdown. Other power supplies have more gentle
start-up. Potentiometer wiper 176a may be adjusted to match many of these
characteristics. For example, moving 15 wiper to the left may match
so-called normal characteristics of power supplies with less violent
start-up. As wiper 176a is moved to the right, it would match special
characteristics of more violent start-up by increasing the input resistance
to timing integrator 172. When the operator does not want low current
shutoff to. occur at all, he may control this manually by closing switch
177 to clamp off the integrator. 20 Signal conditioner 220 The signal
conditioner 220 is similar to signal conditioner 230 previously described.
A Butterworth filter is used to eliminate high frequency components
contained in the weld voltage which is actually the voltage across arc 70.
The gain of signal conditioner 220 is set to provide a full scale output of
10 volts when the weld voltage (on cable 21) is at about 100 volts. 25 Low
arc voltage monitor 190 The low arc voltage monitor 190 comprises low
voltage threshold detector 192, and an operational amplifier configured as
a positive-going integrator 193. Monitor 190 provides a signal to process
stop system 180 to disable the contactor relay 182 if the weld FB voltage
drops below a prescribed "low arc 30. voltage" threshold (typically 27
volts when the maximum weld voltage is 100 volts) for a prescribed "low arc
voltage" length of time (typically .6 seconds). Dropping below the
prescribed "low arc voltage" threshold for an extended period is an
indication of electrode 58 shorting to workpiece 121. The shortout is a
situation requiring that the arc cutting process be shut down relatively
quickly if damage to the workpiece 121 and power supply 20 is to be
avoided. Timing the shortout is necessary to avoid shutting down on a 35
momentary electrode-to-workpiece contact. Normally (i.e., when the weld FB
voltage analog exceeds the low voltage threshold setting of threshold
detector 192) the output-of timing integrator 193 is positive causing relay
driver 182 to enable contactor relay 182. When the weld FB voltage drops
below the threshold detector 192 setting, the output of threshold detector
192 changes from a negative maximum to a positive maximum (typically from -
15 volts to +15 volts). The output of integrator 193 begins to linearly
drop with 40 respect to time. The integration time constant of -integrator
193 is set to allow the integrator to drop to the voltage where relay
driver 182 changes state in a time period of about .6 second from the start
of low weld FB voltage. Should the weld FB voltage rise above the low
voltage threshold before relay driver 182 changes state, the process
remains unaffected. The integrator 193 merely integrates back to a positive
maximum. 45 Arc off retract system 200 The arc off retract system 200
comprises an operational amplifier configured as a positive-going
integrator 201, a voltage comparator 202, relay driver 203, and retract
override relay 206. Retract system 200 initiates the electrode retract mode
of electrode feed retract motor 30 via the retract override relay 206 50
when the arc current drops below the prescribed low current threshold in
low current threshold detector 240. Retract timing integrator 201 causes
arc off comparator 202 and relay driver 203 to deenergize retract override
relay 206 after sufficient time has passed to ensure that electrode feed
retract motor 30 has retracted electrode 58 safely from workpiece 121.
Deenergization of retract override relay 206 terminates the electrode
retract mode of electrode feed retract motor 30. 55 



Process stop system 180 The process stop system 180 comprises a logic "or"
relay driver 182 and contactor relay 184. Process stop 180 stops the
electrode arc generation process if either of the inputs to low arc voltage
monitor 190 and low arc current monitor 170 drop below threshold. Likewise,
if both the low arc voltage monitor 190 60 and low arc current monitor 170
outputs are above threshold, the contactor relay 184 can be disabled by the
start stop control 110. Relay switching 210 Relay switching 210 comprises
contacts of relays 184, 165, 206, 154, 143. The function of the relay
switching 210 is the initiation of the electrode feed, electrode retract,
weld volts, and workpiece travel 5    0 122 607 functions in response to
enabling signals. Normally open contacts 184a-b and 165a are actuated by
relays 184 and 165 respectively. Normally open contacts 206a are activated
by retract override relay 206. Further normally open contacts 154a, 143a
are actuated by relays 154 and 143 respectively. Relays 143, 154 are solid
state devices to ensure rapid actuation (less than 5 milliseconds) of the
feed 5 and retract actions of the electrode motor 30. In automatic control
system 10, the following components have been used for the function and
operation described and shown: Ref. numeral      Component          Type 10
141,151,152,163,    Quad. Operational   MC4741 171,172,192,193,
Amplifier 201,202,221 15                      142,153,164,       Relay
driver       EXAR 182,203                              XP2201 231,241
Dual Operational    XR1458 Amplifier 20 Claims 1. A control system which
senses arc current and arc voltage and controls the feed of a carbon
electrode (58) in an air-carbon arc metal removal system having arc power
produced by either a constant 25 potential power source or a constant
current power source (20) comprising: means (60, 230) for sensing the
magnitude of the arc current and providing an arc current command signal;
means (20, 220) for sensing the magnitude of the arc voltage and providing
an arc voltage command signal; 30    feedback control means (140, 150) for
controlling the feed of the carbon electrode (58) towards and away from a
workpiece (121) in accordance with an applied input signal; and switching
means (90, 99) for alternately applying as said input signal to said
feedback means (A) said arc current command signal when said constant
potential source provides weld power thereby to maintain the arc current at
a predetermined value, or (B) said arc voltage command signal when said
constant 35 current source provides weld power thereby to maintain the arc
voltage at a predetermined value. 2. The control system of Claim 1 in which
said arc current sensing means and arc voltage sensing means each includes
means (230,220) for filtering high frequency components from the respective
sensed arc current and arc voltage. 3. The control system of Claim 1 or 2
in which said feedback control means comprises a first and a 40 second
feedback command system (140, 150) each having a comparator circuit
(141,151) and a solid state relay (143, 153). 4. The control system of any
of Claims 1 to 3 in which said switching means (90) includes a first switch
(91) for applying either said arc current command signal or said arc
voltage command signal to both the first and second feedback command
systems (140, 150). 45     5. The control system of Claim 4 in which there
is provided means for feeding and for retracting the. electrode (58) and in
which said switching means (90,99) includes a. second switch (99) ganged to
said first switch (91) for connecting the output of said first and second
feedback command systems (140, 150) to respective feeding and retracting
means (30) in accordance with the position of the first and second switches
(91, 99) for controlling the feed and retract of the carbon electrode (58)
in accordance with the 50 magnitude of the arc current or arc voltage
command signal. 6. The control system of any of Claims 1 to 5 in which
there is provided threshold means (240) for determining when the arc
current signal has a value below a predetermined value for a predetermined
amount of time for providing a command signal; and travel means (160)
coupled to said threshold means (240) for providing: relative motion
between the 



55  electrode and the workpiece upon application of said command signal. 7.
The control system of any of Claims I to 6 in which there is provided
threshold means (190) for determining when the arc voltage signal has a
value below a predetermined threshold for a predetermined amount of time
for providing a command signal and stop means (180) coupled to said
threshold means (190) for disconnecting the arc power source (70) from the
electrode upon application of said command 60 signal. 8. The control system
of any of Claims 1 to 7 in which there is provided threshold means (240)
for determining when the arc current signal has a value above a
predetermined value for a predetermined amount of time for producing a
command signal; and stop. means. (170, 180) coupled to said threshold means
(240) for disconnecting the arc power source 65 from the electrode upon
application of said command signal. 6    0 122 607 functions in response to
enabling signals. Normally open contacts 184a-b and 165a are actuated by
relays 184 and 165 respectively. Normally open contacts 206a are activated
by retract override relay 206. Further normally open contacts 154a, 143a
are actuated by relays 154 and 143 respectively. Relays 143, 154 are solid
state devices to ensure rapid actuation (less than 5 milliseconds) of the
feed 5 and retract actions of the electrode motor 30. In automatic. control
system 10, the following components have been used for the function and
operation described and shown: Ref. numeral      Component          Type 10
141,151,152,163,    Quad. Operational  MC4741 171,172,192,193,    Amplifier
201,202,221 15                      142,153,164,       Relay driver
EXAR 182,203                              XP2201 231,241            Dual
Operational    XR1458 Amplifier Claims 1. A control system which senses arc
current and arc voltage and controls the feed of a carbon electrode (58) in
an air-carbon arc metal removal system having arc power produced by either
a constant 25 potential power source or a constant current power source
(20) comprising: means (60, 230) for sensing the magnitude of the arc
current and providing an arc current command signal; means (20, 220) for
sensing the magnitude of the arc voltage and providing an arc voltage
command signal; 30    feedback control means (140, 150) for controlling the
feed of the carbon electrode (58) towards and away from a workpiece (121)
in accordance with an applied input signal; and switching means (90, 99)
for alternately applying as said input signal to said feedback means (A)
said arc current command signal when said constant potential source
provides weld power thereby to maintain the arc current at a predetermined
value, or (B) said arc voltage command signal when said constant 35 current
source provides weld power thereby to maintain the arc voltage at a
predetermined value. 2. The control system of Claim 1 in which said arc
current sensing means and arc voltage sensing means each includes means
(230, 220) for filtering high frequency components from the respective
sensed arc current and arc voltage. 3. The control system of Claim 1 or Z
in which said feedback control means comprises a first and a 40 second
feedback command system (140, 150) each having a comparator circuit (141,
151) and a solid state relay (143, 153). 4. The control system of any of
Claims 1 to 3 in which said switching means (90) includes a first switch
(91) for applying either said arc current command signal or said arc
voltage command signal to both the first and second feedback command
systems (140, 150). 45     5. The control system of Claim 4 in which there
is provided means for feeding and for retracting the electrode (58) and in
which said switching means (90, 99) includes a second switch (99) ganged to
said first switch (91) for connecting the output of said first and second
feedback command systems (140, 150) to respective feeding and retracting
means (30) in accordance with the position of the first and second switches
(91, 99) for controlling the feed and retract of the carbon electrode (58)
in accordance with the 5o magnitude of the arc current or arc voltage
command signal. 6. The control system of any of Claims 1 to 5 in which
there is provided threshold means (240) for determining when the arc
current signal has a value below a predetermined value for a predetermined
amount of time for providing a command signal; and 



travel means (160) coupled to said threshold means (240) for providing
relative motion between the 55 electrode and the workpiece upon application
of said command signal. 7. The control system of any of Claims 1 to 6 in
which there is provided threshold means (190) for determining when the arc
voltage signal has a value below a predetermined threshold for a
predetermined amount of time for providing a command signal, and stop means
(180) coupled to said threshold means (190) for disconnecting the arc power
source (70) from the electrode upon application of said command 60 signal.
8. The control system of any of Claims 1 to 7 in which there is provided
threshold means (240) for determining when the arc current signal has a
value above a predetermined value for a predetermined amount of time for
producing a command signal; and stop means (170, 180) coupled to said
threshold means (240) for disconnecting the arc power source 65 from the
electrode upon application of said command signal. 6    0 122 607 9. The
control system of Claim 8 in which said threshold means comprises a
threshold detector (241) and a timing integrator (163). 10. The control
system of Claim 9 in which said timing integrator (163) includes an input
potentiometer (100) for matching the predetermined amount of time with the
startup current characteristics of the arc 5 power source (20). 11. The
control system of Claim 9 in which said timing integrator includes a
switchable shunt for clamping the timing integrator and disabling the
threshold means. 12. The control system of any of Claims 1 to 11 comprising
threshold means (240) for determining when the arc current signal has a
value below a predetermined value for providing a command signal; and
retract means (211, 11) coupled to said threshold means (240) for
automatically retracting the electrode (58) from the workpiece (121) for a
predetermined amount of time sufficient to insure physical separation of
the electrode and the workpiece (121) upon application of said command
signal. Patentanspruche 15 1. Regelsystem, das die Lichtbogenstromstarke
und die Lichtbogenspannung fOhit und die Zufuhr der Kohlenstoffelektrode
(58) in einem Luft-Kohlebogen-Metallentfernungssystem regelt, das eine
Lichtbogen- leistung aufweist, die entweder durch eine Stromquelle mit
konstanter Spannung oder eine Stromquelle mit konstantem Strom (20) erzeugt
wird, welches umfalgt: 20     eine Einrichtung (60, 230) zum Fuhlen der
Groae der Lichtbogenstromstarke und zur Schaffung eines
Lichtbogenstromstgrke-Befehissignals, eine Einrichtung (20, 220) zum FOhlen
der Groge der Lichtbogenspannung und zur Schaffung eines
Lichtbogenspannungs-Befehlssignals, eine Ruickkopplungsregeleinrichtung
(140, 150), um in CIbereinstimmung mit dem angewendeten 25 Eingangssignal
die Zufuhr der Kohlenstoffelektrode (58) in Richtung des Werkstuckes (121)
und von diesem hinweg zu regeln und eine Schalteinrichtung (90, 99), um als
Eingangssignal zur Ruckkopplungseinrichtung wahlweise (A) das
Lichtbogenstromstgrke-Befehissignal, wenn die Stromquelle mit konstanter
Spannung Schwei3- energie liefert, um dadurch die Lichtbogenstromstarke bei
einem bestimrnmten Wert zu halten, oder (B) das 30
Lichbogenspannungs-Befehissignal anzuwenden, wenn die Stromquelle mit
konstantem  Strom Schweilenergie liefert, um dadurch die Lichtbogenspannung
bei einem bestimmten Wert zu halten. 2. Regelsystem nach Anspruch 1, in dem
die die Lichtbogenstromstgrke fuhlende Einrichtung und die die
Lichtbogenspannung fuhlende Einrichtung jeweils eine Einrichtung (230, 220)
umfassen, um die Komponenten hoher Frequenz aus der entsprechend gefOhIten
Lichtbogenstromstarke und Lichbogen- 35 spannung auszufiltrieren. 3.
Regelsystem nach Anspruch 1 oder 2, worin die Ruckkopplungsregeleinrichtung
ein erstes und ein zweites Rilckkopplungsbefehissystem (140,150) umfaLt,
wobei jedes eine Vergleichsschaltung (141, 151) und ein Festkorperrelais
(143, 153) umfalt. 4. Regelsystem nach. einem der AnsprOche 1 bis 3, worin
die Schalteinrichtung (90) einen ersten 40 Schalter (91) umfagt, um
entweder das Lichtbogenstromstarke-Befehissignal oder das Lichtbogen-
spannungs-Befehissignal auf beide der ersten und zweiten
Ruckkopplungsbefehissysteme (140, 150) anzuwenden. 5. Regelsystem nach
Anspruchi 4, in dem eine Einrichtung zur Zufuhr und zum Zuruckziehen der
Elektrode (58) vorgesehen ist, und in dem die Schalteinrichtung (90, 99)
einen zweiten Schalter (99) umfalt, 45 der an den ersten Schalter (91)
verbunden ist, um das Ausgangssignal des ersten und zweiten
Ruckkopplungsbefehlssystems (140, 150) in Obereinstimmung mit der Stellung
des ersten -und zweiten Schalters (91, 99) mit der entsprechenden Zufuhr-
und Zuruckzieheinrichtung (30) zu verbinden, um die Zufuhr und das
Zuruckziehen der Kohlenstoffelektrode (58) in Ubereinstimmung mit der Groae
des 



Lichtbogenstromstarke- oder Lichtbogenspannungs-Befehissignals zu regeln.
50 ..  6. Regelsystem nach einem der Anspruche 1 bis 5, in dem vorgesehen
sind:        ; eine Schirelleneinrichtung (240), um zu bestimmen, wenn das
Lichtbogenstromstarkesignal wihrend eines bestimmten Zeitraumes einen.Wert
unter einem vorbestimmten.Wert hat, um ein Befehlissignal zu . iefern und
eine Bewegungseinrichtung: (160)-. die an die. Schwelleneinrichtung (240)
gekoppelt ist, urm eine relatiye Bewegung; zwischen der 55 Elektrode und
dem Werkstuck w~hrend der Anwendung des Befehissignals zu schaffen. 7.
Regelsystemr nach einem der Anspr~che. 1. bis 6, in dem vorgesehen sind:
eine Schwelleneinrichtung (190), um zu bestimmen, wenn das
Lichtbogenspannungssignal wahrend eines bestimmten Zeitraumes einen.Wert
unter einer bestimmten Schwelle hat, um eine Befehlssignal zu liefern.
und..-:' . 60    .:eine Halteeinrichtung (180), die an die
Schwelieneinrichtung (190) gekoppelt ist, um die Lichtbogen- stromquelle
(70) wahrend der Anwendung dieses Befehissignals von der Elektrode zu
trennen. Bv 8. Regelsystem nach einem der Anspruche 1 bis 7, in dem.
vorgesehen sind: eine Schwelleneinrichtung (240), um zu bestimmen, wenn das
Lichtbogenstromstarkesignal wahrend eines bestimmten Zeitraumes einen Wert
oberhalb eines vorbestimmten Wertes hat um eine Befehissignal 65 zu
erzeugen und 7    0 122 607 eine Halteeinrichtung (170, 180), die an die
Schwelleneinrichtung (240) gekoppelt ist, um die Lichtbogenstromquelle
wahrend der Anwendung dieses Befehissignals von der Elektrode zu trennen.
9. Regelsystem nach Anspruch 8, worin die Schwelleneinrichtung einen
Schmitt-Trigger mit binarem Ausgangssignal (241) und einen
Zeitsteuerungsintegrator (163) umfal~t. 5     10. Regelsystem nach Anspruch
9, worin der Zeitsteuerungsintegrator (163) ein Eingangspotentio- meter
(100) umfagt, um die bestimmte Zeitmenge mit der
Anlaufstromstarkeeigenschaft der Lichtbogen- stromquelle (20) anzupassen
bzw. auszusteuern. 11. Regelsystem nach Anspruch 9, worin der
Zeitsteuerungsintegrator einen schaltbaren NebenschluR umfaft, um den
Zeitsteuerungsintegrator anzuklemmen und die Schwelleneinrichtung
abzuschalten. io    12. Regelsystem nach einem der Anspruche 1 bis 11, das
eine Schwelleneinrichtung (240), um anzuzeigen, wenn des
Lichtbogenstromstarkesignal einen Wert unter einem bestimmten Wert
aufweist, um ein Befehissignal zu liefern und eine Zuruckzieheinrichtung
(211, 11) umfal~t, die an die Schwellenein- richtung (240) gekoppelt-ist,
um die Elektrode (58) wAhrend eines bestimmten Zeitraumes von Werkstuck
(121) zuruckzuziehen, der ausreichend ist, um wahrend der Anwendung des
Befehissignales die 15 physikalische Trennung von Elektrode und Werkstuck
(121) abzusichern. Revendications 1. Un systeme de commande qui d6tecte un
courant d'arc et une tension d'arc et qui commande 20 l'avance d'une
electrode en carbone (58) dans un systeme d'enlevement de metal par arc
air-carbone, dans lequel l'6nergie de I'arc est fournie par une source
d'energie a potentiel constant ou par une source d'6nergie a courant
constant (20), comprenant: des moyens (60, 230) destin6s A d6tecter
l'intensite du courant d'arc et a produire un signal d'ordre de courant
d'arc; 25     des moyens (20,220) destines a detecter la valeur de la
tension d'arc et A produire un signal d'ordre de tension d'arc; des moyens
d'asservissement (140,150) destines a commander l'avance de l'Mlectrode en
carbone (58) pour l'approcher et l'eloigner d'unfe piece (121) conformement
A un signal d'entree applique; et des moyens de commutation (90, 99)
destines a appliquer alternativement aux moyens 30 d'asservissement, en
tant que signal d'entree: (A) le signal d'ordre de courant d'arc lorsque la
source a potentiel constant fournit l'6nergie de l'arc, pour maintenir
ainsi le courant d'arc a une valeur pr6determinee, ou (B) le signal.
d'ordre de tension d'arc lorsque la source a courant constant fournit
l'4nergie de l'arc, pour maintenir ainsi la tension de l'arc a.une valeur
predeterminee. 2. Le systeme de commande de la revendication 1, dans lequel
les moyens de detection de courant 35 d'arc ainsi que les moyens de
d6tection de tension d'arc comprennent des moyens (230, 220) destines A
6liminer par filtrage des composantes de haute fr6quence presentes
respectivement dans le courant d'arc et la tension d'arc detect6s. 3. Le
systemre de comrmande de la revendication 1 ou 2, dans lequel les moyens
d'asservissement comprennent des premier et second systemes de command
asservie (140, 150), comportant chacun un 40 circuit comparateur (141, 151)
et un relais a semiconducteurs (143, 153). 4. Le systeme de commande de
l'une quelconque des revendications 1 A, dans lequel les moyens de
commutation (90) comprennent un premier commutateur (91) destine A
appliquer soit le signal d'ordre de courant d'arc soit le signal d'ordre de
tension d'arc conjointement aux premier et second systemes de commande
asservie (140, 150). 



45     5. Le systeme de commande de la revendication 4, dans lequel il
exists des moyens pour avancer et reculer 1'6lectrode (58), et dans lequel
les moyens de commutation (90, 99) comprennent un second commutateur (99)
accouple au premier commutateur (91), pour connecter la sortie des premier
et second systemes de commande asservie (140, 150) A des moyens respectifs
d'avance et de recul (30), conformement A la position des premier et second
commutateurs (91, 99), pour commander l'avance et le .5o recul de
I'diectrode en carbone (58) conformement au niveau du signal d'ordre de
courant d'arc ou de tension d'arc. :;-: 6. Le systeme de-commande de l'une.
quelconque des revendications 1 a 5, dans lequel if existe des moyens A
seuil (204) destines A dbterminer les conditions dans lesquelles le signal
de. courant d'arc presente une valeur inferieure a une valeur predeterminee
pendant. une duree predeterminee, pour 55 produire un signal d'ordre; et
des moyens de d6placement (160) connect6s aux moyens A seuil (240) pour
produire un mouvement relatif entre I'electrode et la piece sous l'effet de
l'application de ce signal d'ordre. 7. Le systime de commande de l'une
quelconque des revendications I A 6, dans lequel il existe: des moyens a
seuil (190) destines a d6terminer les conditions dans lesquelles le signal
de tension d'arc 6o pr6sente une valeur inf6rieure a un seuile predetermine
pendant une duree pr6d6termin6e, pour produire un signal d'ordre; et: -  :
,.  -.     :   -' des moyens d'arret (180) connectes aux moyens A seuil
(190) pour d~connecter la source d'energie de I'arc (70) et l'electrode
sous l'effet de l'application du signal d'ordre. 8. Le systeme: de commande
de l'une quelconque des revendications 1- a 7, dans lequel il existe: 65
des moyens A seuile (240) destines A determiner les conditions dans
lesquelles le signal de courant 8    0 122 607 d'arc d une valeur
superieure a une valeur pr6determinee pendant une dur6e pr6determin~e, pour
produ .......... .  un signal d'ordre; et des moyens d'arret (170, 180)
connectes aux moyens a seuil (240) pour deconnecter la source d'energie de
l'arc et l'6lectrode sous l'effet de l'application du signal d'ordre. 5
9. Le systbme de commande de la revendication 8, dans lequel les moyens a
seuil comprennent un detecteur a seuile (240) et un int6grateur de
temporisation (163). 10. Le systame de commande de la revendication 9, dans
lequel l'int6grateur de temporisation (163) comprend un potentiometre
d'entree (100) permettant de faire correspondre la duree pr6d6terminee avec
les caracteristiques de courant de demarrage de la source d'energie de
l'arc (20). Ia     11. Le systeme de commande de la revendication 9, dans
lequel l'integrateur de temporisation comprend un shunt commutable pour
fixer le niveau de sortie de l'int6grateur de temporisation et pour
invalider les moyens a seuil. 12. Le systeme de commande de l'une
quelconque des revendicatiosn 1 a 11, comprenant: des moyens A seuil (240)
destines a determiner les conditions dans lesquelles le signal de courant
d'arc 15 a une valeur inferieure a une valeur pr6determin6e, pour produire
un signal d'ordre; et des moyens de recul (211, 11) connect6s aux moyens a
seuil (240) pour reculer automatiquement I'electrode (58) par rapport a la
pibce (121) pendant une duree predeterminee suffisante pour assurer une
separation physique de l'lectrode et de la piece (121), sous l'effet de
l'application du signal d'ordre. 20 25 30 35 40 45 50 55 60 65 9    


