
A GENERATOR OF HIGH CURRENT PULSES This invention relates to a circuit for
producing large pulses of electric current especially useful in welding.
Pulsed electric currents of high value are used in many applications, a
particularly important one is 5 in welding including spot welding. Other
important applications include pulsed electroplating, D.C. to D.C.
inverters, D.C. electric motor speed controls and surface hardening by
pulsed arcs.  In these applications an approximately square wave current 10
pulse is desired and current pulses of up to 10,.000 amp may be required.
It is for such large current pulses that silicon control rectifiers (SCR's)
are most appropriate as solid state switching devices.- The preferred
embodiment of the invention to be 15 described uses SCR's as switching
elements in its circuit which is used to control the output of a dc power
supply of conventional nature and the one pulse unit can be used with a
wide range of power supplies such as. motor generator sets, lead-acid
storage batteries 20 and transformer-rectifier units.  In this fashion the
cost of installing pulsed welding facilities, for example, is significantly
reduced because continuous current welding power supplies which  have
already been installed, can be used with the 25 pulsing unit.    LAWRENCE,
B. and JACKSON, C. in 1969 Variable 



Frequency Gas Shielded Pulse Current Arc Welding. Welding Journal Res.
Suppl. 48 1969, 97s-104s. reported a study of pulsed current arc welding in
5 which the influence of the pulse current frequency, duration and
magnitude on the mode of metal transfer in the MIG (metal-inert gas) arc
was determined. This experimental equipment used SCR's switching the output
of a dc  power supply with the control pulses 10 to the gates of the SCR's
being obtained from a mechanical commutator. In order to maintain a
continuous standing current so that the arc did not go out at the end of
the current pulse a second power supply was.used. The use of a mechanical
commutator 15 and multiple power supplies would not now be seen as elegant
design. Furthermore the switching circuit which used two SCR's functioned
in a bistable mode of operation in which each SCR was used to turn the
other off alternately. The larger SCR controlled the arc 20 pulse current
and the smaller SCR conducted for the time that the arc current pulse was
not flowing. This method of operation is not only inefficient but also
enhances the problem of disposal of surplus heat produced by the pulse
generator. 25    Two other pulse shaping units for welding have been
described which switch the output of a welding power supply, SMITH G.A. and
BROWN, M.J. An Inverter 



Power Source for Welding Applications. 2nd 5 International Conference on
Power Electronics - Power. Semiconductors and their Applications. London
England : I.E.E. 1977 58-61, and LOWERY, J. A New Concept for AC/DC Power
Sources for TIG-Welding. Advances in Welding Processes 4th International 10
Conference Harrogate England, 4th-llth May 1978, 161-169.  These designs
have been developed specifically for TIG )tungsten-inert gas) welding of
aluminium for which application it is highly advantageous to have the
current through the arc 15 alternating thus producing a cleaning action on
the workpiece surface by ion bombardment when it is biased negative with
respect to the tungsten electrode. Each pulse unit is of fixed frequency
(50 or 60 Hz). The cleaning effect as well as the weld penetration 20 and
heat input to the workpiece are changed (but not independently) by varying
the ratio of the durations of the positive and negative half cycles of
current.    Another device described by GRIST, F.J., Improved, Lower Cost
Aluminiur. Welding with Solid State Power Source. Welding Journal. 54 1975,
348-337, is generally similar to those mentioned 5    immediately above but
offers in addi tion limited control of the frequency of operation (50 - 200
Hz). This frequency limitation is imposed by the use of a resonant
commutation circuit for the SCR's. 



One of the shortcomings of the above and other 10    known circuits is that
the control of the switching of the current pulses may be dependent on
parameters which do not reflect the conditions at the arc itself. The
object of the present invention is to 15    provide a circuit for
generating current pulses of up to at least 10,000 amps in which the
switching of the current pulses is controlled in accordance with the
voltage at the load. According to the present invention, there is 20
provided a circuit for generating current pulses in a dc power supply
comprising a switchable ele- ment connected to said power supply and to a
load and   control means for controlling the state of said switchable
element       whereby a relatively 25    heavy current pulse is allowed to
flow through the load while said switchable element        is in its on
state, said 30    control means including trigger means             for
generating control signals for controlling the state of said switchable
element        and a voltage sensing circuit           for sensing the
voltage across said load and causing said trigger means    - 5 - to
generate a control signal to switch said 



switchable element       to its on state when said sensed voltage is at a
predetermined low level and to switch said switchable element       to its
off 5    state when said sensed voltage reaches a pre- determined high
level. The invention will now be further described with reference to the
accompanying drawings, in which: Figure 1 is a simplified circuit diagram
of 10    the pulse generator of the invention; Figure 2 is a waveform
diagram useful in understanding the operation of the circuit of Figure 1;
Figure 3 illustrates a modified circuit; and 15         Figures 4 and 5
illustrate control circuitry for generating gate pulses. The circuit
illustrated in Figure 1 is for use in pulsed welding operations, the
circuit showing a conventional welding current supply apparatus 2 having 20
its positive output connected to a workpiece 4 and its negative output
connected to an electrode 6 through the pulse circuit 8 of the invention.
The circuit 8 includes a high frequency starting circuit 10 for initiating
an arc between the electrode 6 25    and the workpiece 4.  The circuit
includes a primary SCR 12 which is of large capacity and carries the full
arc current, when the arc current flows.  A resistor 14 is connected across
the primary SCR 12 so as to    



- 6 - provide a standing arc current in the range say 20 to 60 amp at those
times when the remainder of the circuit would not permit current flow.  The
value of resistor 14 would typically be 0.5 ohm. The circuit 5 further
includes a capacitor 16 and secondary SCR 18 which are connected in a
branch across the SCR 12. The circuit also includes a secondary power
supply 20, the positive output of which is connected to the junction of the
capacitor 16 and secondary SCR 18, 10 the main function of the secondary
power supply 20 being to supply charging current to the capacitor 16. The
operation of the circuit will now be described with reference to Figure 2.
The waveforms 13, 19 and 17 represent the voltages across SCR 12, 15 SCR 18
and capacitor 16 respectively, and the wave- form 19 represents the arc
current flowing between the workpiece 4 and the electrode 6. When the power
supplies are switched on, the SCR's 12 and 18 are not conducting and the
capacitor 20 16 is charged by power supply 20 through resistor 14, and SCR
18 is biased in the forward direction (r 150 volt). When the arc is
initiated by the HF starting circuit 10, the current through it is
controlled by the value of resistor 14. At the same 25 time the potential
of the point 22 in the circuit    with respect to the common point 22 rises
because of 



the voltage drop across resistor 14 due to the arc current passing through
it. The circuit is then in the condition indicated at time [err] in Figure
2. 5         A control pulse generated in a manner to be described in
greater detail below is applied to the gate 26 of SCR 12 at time [err] to
initiate conduction and the voltage across it falls to about 1 volt so that
nearly-all the arc current passes through it. 10 The arc current rises to a
new value determined essentially by the electrical characteristics of the
supply apparatus 2 and the arc voltage.  The rapidly falling voltage across
SCR 12 causes a rapid drop in the voltage across SCR 18 followed 15 by a
slower rise as power supply 20 charges capacitor 16. The rate of rise of
the arc current is limited by the impedance of supply apparatus 2. The arc
current pulse is terminated at time. by applying a control pulse to the
gate 28 of SCR 18. 20 When SCR 18 conducts, the capacitor 16 is connected
across SCR 12 in a low impedance circuit causing SCR 12 to be immediately
turned off by the reverse bias due to the capacitor 16.  At the same time
the full arc current flows to the capacitor for discharging it and 25 then
reversing its polarity.  The voltage across the arc is momentarily
increased producing a spike in the arc current followed by a rapid fall to
below the standing current level with a subsequent return to  that level.



- 8 -      At the same time the capacitor 16 is connected across SCR 18
through the resistor 14 tending to reverse bias SCR 18. This tendency is
opposed by the power supply 20.  If the impedance of the power supply 20 5
is sufficiently high (and this condition is almost automatically guaranteed
because the supply has to be able to withstand the near short circuit
condition imposed by SCR 18) the influence of the reverse bias of the
capacitor prevails and SCR 18 is turned off. 10 Between times [err] and
[err] SCR 18 is still forward biased at 0.7 volt because its reverse
recovery current  inhibits the reverse bias.  At time [err] its recovered
charge requirement is satisfied allowing the bias on SCR 18 to become
negative until recharging of 15 capacitor 16 by the power supply 20 becomes
the dominant process and then the voltages on SCR's 12 and 18 and capacitor
16 return to the values at time [err] A prototype of this circuit has been
tested 20 and found to perform in a most satisfactory manner. In the
prototype arrangement the value of the capacitor 16 was 525 [err] and the
value of the resistor 14 was 0.5 ohm. The voltage output of power supply 20
is approximately 110 volts. Generally speaking, the 25 higher-the value of
the voltage of supply 20 the smaller the value of capacitor 16.  Of course
the. smaller the output of supply 20 the smaller is the current drain
therefrom. 



A preferred addition to the circuit is indicated in the schematic circuit
of Figure 3 where the components SCR 30, resistor 32 and switch 34 are
added to the branch of the circuit containing resistor 5 14.  With the
switch 34 open SCR 30 does not conduct and consequently the standing
current can not flow through resistor 14. With switch 34 closed SCR 30
always conducts current when SCR 12 is off so that the standing current,
limited by the value of 10 resistor 14 is able to pass. The value of
resistor 32 is chosen so that the current flowing to the gate of SCR 30 is
always within its specified range. The function of the circuit addition is
to allow the main power supply to be left on and yet have no 15 voltage on
the output terminals provided power supply 20 is inactivated. This is
important in welding applications where switch 34 can be on the welding
head to improve operator safety and convenience. The circuit will operate
cyclically in this manner 20 provided appropriate pulses are applied to the
gates 26 and 28 of the SCR's, and the generation of such pulses will be
described with reference to Figures 4 and 5.   



- 10 - Figure 4 illustrates a suitable control circuit for generating gate
pulses for the gates 26 and 28 of the SCR's 12 and 18 which may if desired
be operated in a manner which is not preferred, independently of the 5
voltage at the arc. The circuit basically comprises four monostable
circuits (NE555 integrated circuits) 36, 38, 40 and 42. When a switch 44 is
closed the monostable circuit 36 will produce a pulse at its output 46
after a predetermined period. The pulse 1O at the output 46 will turn on
transistors 48 and 50 which will in turn produce a suitable pulse at the
point 52 which is connected to the gate 26 of the SCR 12 and so turn that
SCR on. Output from the monostable circuit 36 is applied to the input of
the second 15monostable circuit 38 and after a predetermined delay
depending on the setting of switch 54, the circuit 38 -will produce an
output pulse at its output 56 which is applied to the input of the third
monostable circuit 40.  After a predetermined delay, the circuit 2040 will
produce a pulse on its output 60 which turns on transistors 62 and 64
thereby producing a pulse at the point 66 which is connected to the gate 28
of the SCR 18. This corresponds to the time t3 of Figure 2 and the
capacitor 16 will be discharged  25thereby turning SCR 12 off.  The output
of the monostable circuit 40 is applied to the input of the fourth
monostable circuit 42, the output 68 of which is fed back .via a switch 70
to the input. 



of the first monostable circuit 36 so that if the 30 switch 70 is closed
the circuit will cyclically produce. gate pulses for the SCR's 12 and 18.
- 11 - The above described operation of the control circuit shown in Figure
4 is modified in accordance with the present invention so that it does not
cycle in a selective period but is triggered in response to 5
the magnitude of the arc voltage. To effect this selector switches 72 and
74 are connected to the inputs of the first and third mono- stable circuits
36 and 40. If the selector switches 72 and 74 are moved so as to connect
with terminals 76 and 78, 10 externals pulses applied to those terminals
can be used for triggering arc current pulse off or arc current pulse on
respectively. Figure 5 shows a simplified circuit for generating control
signals which are responsive to 15 the arc voltage i.e. the voltage between
the electrode 6 and the workpiece 4.   The circuit includes a first opto
-coupler 80 the input of which is directly connected across the electrode 6
and workpiece 4, the output being connected to a first input of a 20
comparator 82.  A selectable reference level is applied to the other input
of the comparator and the output is connected to the terminal  78 shown in
Figure 4. The circuit includes a second opto- 



coupler 84 connected to a second comparator 86 25 the other input of which
has applied thereto a second    - 12 -
reference level and the output of the comparator 86 is connected to the
terminal 76 shown in Figure 2. In     The     circuit shown     in
Figure     5    the    comparator  82 5 is set so that it produces an
appropriate pulse at its output when the arc voltage reaches a
predetermined level. The second comparator 86 would be set so that it would
produce an appropriate output when the arc voltage falls below a
predetermined value. .10 The generation of such signals can provide very
useful controls for welding operations. Returning to Figure 3, that part of
the circuit illustrates a further modification which is designed to reduce
the possibility of unwanted triggering of 15 SCR 12 due to stray pulses
which are sometimes generated when other SCR's in a circuit are them-
selves triggered. In this arrangement a phase shifting element namely
capacitor 88 is connected in series with the gate electrode 26. The circuit
also includes 20 a steering diode 90 in series with the secondary of a
pulse -transformer 92 which receives appropriate pulses from the point 52
of the control circuit shown in Figure 4. It is necessary to include a
resistor 94 to prevent charging of the capacitor 88 



25 with consequent reduction of pulse amplitudes being delivered to the
gate electrode 26.                    - 13 - The principal advantages of
the preferred embodiment of the invention are as follows: 1.     A separate
power supply 20 is used to charge the commutating capacitor 16. This
permits a voltage 5 higher than the arc voltage to be used thus ensuring
that switching continues reliably even if the arc is very short or short
circuited. In addition, the capacitance of capacitor 16 can be reduced
progressively as the voltage of supply 20 is increased. 10 2     The power
supply 20 in a preferred embodiment comprises a slightly reactive
transformer and a full .wave rectifier.  This prevents excessive current
drain when SCR 18 is on and permits another mono- stable mode of operation
as described in the next 15 section.  It need only have a nominal rating of
about 500 watts, which is much lower than prior art devices. 3.     SCR 12
is bypassed by the resistor 14 which also has a twofold function. Firstly
it eliminates the need for a second power supply as used in known SCR 20
pulse units connected to the output of the power supply. Secondly, it is
vital to allow this unit to operate as a monostable rather than a bistable
device.. This reduces the power which has to be dissipated in the unit
during operation. If resistor 14 is omittdd 



25 another mode of operation is possible, this requires    that the power
supply 20 be unfiltered (with resistor 14 present in the circuit, the
capacitor 16 acts as a filter condenser for the supply). In this mode of
operation after SCR 18 is triggered on, it will 5 remain on until the next
current zero of the power supply when, if it is suffiently fast, it will
turn off. This method imposes a variable delay before SCR 18 can turn off
after commutating off SCR 12 and consequently limits the maximum repetition
rate of 10 the switching circuit.  At a sufficiently high repetition rate
SCR 12 is triggered on before the next current zero of power supply 20; the
switching is then similar to the mode used in the pulse unit devised by
LAWRENCE, B. and JACKSON, C. 15 4.     The arc voltage is monitored by the
machine and the control is capable of switching the pulse current on at one
selected value and off again at another selected value of arc voltage where
the latter voltage is higher than the former.      *   C  L  M  S   * - 15
- 



CLAIMS. 1.   A circuit for generating current pulses in a dc power supply
(2) comprising a switchable element (12) connected to said power supply (2)
and to a 5 load, and control means for Controlling the state of said
switchable element (12) whereby a relatively heavy current pulse is allowed
to flow through the load while said switchable element (12) is in its on
state, 10 said control means including trigger means (82, 86) for
generating control signals for controlling the state of said switchable
element (12) and a voltage sensing 15 circuit (80, 84) for sensing the
voltage across said load and causing said trigger means (82, 86) to
generate a control signal to switch said switchable element (12) to its on
state when said sensed voltage is at a predetermined low level and to
switch said 20 switchable element (12) to its off state when said sensed
voltage reaches a predetermined high level. 2. A circuit as claimed in
claim 1, wherein said voltage sensing circuit (80, 82) includes a com-
parator circuit (82, 86) for generating said control 25 signals, said
comparator circuit including means for applying predetermined reference
voltage levels to said comparator circuit whereby said control signals    



are generated when said predetermined voltage levels are detected. 3.   A
circuit as claimed in claim 1 or 2, wherein said circuit comprises first
and second branches 5  which are in parallel, said first branch including
an impedance (.14) having a predetermined resistive value, said second
branch having a low impedance path including said switchable element (12)
whereby when said switchable element (12) is in its off state 10   a
relatively light background current flows through said first branch and
said load. 4.   A circuit as claimed in claim 1, 2 or 3, wherein said
switchable element comprises a first SCR (12) connected in parallel with
said impedance (14), 15 said circuit further comprising a capacitor (16)
and a second SCR (18) connected in a branch across said first SCR (12),
said firstmentioned control signal being applied to the gate of said first
SCR (12) to switch said first SCR (12) to its on state, said 20 second
mentioned control signal being applied to the gate of said second SCR (18)
to switch said second SCR (18) to its on state and to connect said
capacitor (16) across said first SCR (12) whereby said first SCR (12) is in
use switched to its off state by the 25 reverse bias applied by the charge
stored in the capacitor (16). 5.   A circuit as claimed in claim 4, further
com- prising a secondary power supply (20) connected to supply charging
current to said capacitor (16), said 30 power supply (20) having a high
impedance. 



6.   A circuit as claimed in claim 4 or 5, wherein said capacitor (16) is
arranged so as to be reverse charged by the current flowing to the load
once said first SCR (12) is turned to its off state, said      capacitor
(16) operating so as to reverse bias said second SCR (18) to turn said
second SCR (18) to its off state. 7.   A circuit as claimed in any
preceding claim 5 wherein said power supply (2) comprises welding apparatus
and said load comprises an arc struck between an output electrode (6) of
the welding apparatus and a workpiece (4). 8.  A circuit for generating
current pulses in a 10 dc power supply, substantially as hereinbefore
described with reference to the accompany drawings. The text of the
specification has been reproduced by photocopying the applicants original
tyescript.  It may contain a few amendments which are difficult to reads.
The original typescript containing these amendments may be inspected on the
premises of the Patent Office    


