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1. A method for regulating the welding current or the welding power in
dependence upon the weld-advance rate in welding apparatus for the
continuous lorgitudinal-seam welding of metal strips combined to form a

tube, characterized in that a rate-dependent voltage amplitude is added to
an adjustable fixed-voltage amplitude.

3. Circuitry for carrying out the method for dc arc welding apparatus
according to Claim 1, wherein the welding electrodes are energized from a
voltage source via a transformer, a regulating element adjusting the
welding current, and rectifier elements and the regulating element is
influenced by a weld-advance rate-dependenl tacho generator connected to a
regulator, characterized in that the tacho generator and a fixed-voltage
source are separately connected with their outputs to the inputs of a
summing amplifier the output of which acts upon the regulator, with an
output of this regulator connected with th;?dc converter.

5. Circuitry for carrying out the rathod according to Claim 1 for a
laser welding apparatus, characterized ir that the output power of the
welding laser is adjustable through a regulator to the input of which
there is connected a series circuit composed of a weld-advance rate-
dependent tacho generator and an adjustable fixed-voltage source.
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Abstract

In order to regulate the welding current or the welding power in
dependence upon the weld-advance rate in we]ding'apparatus for the
continuous Tongitudinal-seam welding of metal bands combined to form a
tube, a rate-dependent voltage amplitude is added to an adjustable
fixed-voltage amplitude. :



TECHNICAL FIELD

The present invention relates to a method and to circuitry for
regulating the welding current or the welding power in dependence upon the
weld-advance rate in welding apparatus for the continuous longitudinal-
seam welding of metal strips combined to form a tube.

BACKGROUND OF THE INVENTION

There 1s known circuitry (German Application 19 00 856 Laid Open
for Public Inspection) wherein the electrodes of welding apparatus are
influenced from a voltage souirce via a transformer, a regulating element
adjusting the welding current, and a rate-dependent tacho-generator.
There are provided means for regulating the amplitude of the welding
current in dependene upon the supply voltage, the electrode spacing, as
well as in dependence upon the supply voltage, the electrode spacing, as
well as in dependence upon temperature fluctuations. In such a control
circuit for dc welding, the instantaneous amplitude of the welding current
is continuously measured and the regulating element is influenced by means
of an error variable feedforward even in the case of minimal fluctuations
so that the welding current amplitude corresponds to the instantaneous
requirements. The regulation can be effected within a short time so that
fluctuations of the supply voltizge, of the electrode spacing or also
temperature fluctuations do not manifest themselves in regard to the
welding current but that the welding current amplitude is always given
the value required for complete welding of the welding seam.

However, difficulties are encountered when increased production
rates are required and different metals or strip thicknesses are
employed. High production rates enhance the disturbing influence of the
ripple of the welding current so that it is no longer possible to ensure
that proper welding seams can be produced with known control means.

In order to remedy this, one could incorporate filter elements in
the control ciruit but, owing to the time constants of the control
circuit, there exist limitations to the enlargement of such filters.

Also the replacment of known regulating elements by, say, transistors,
does not always render the desired effect or requires additional
expenses, e.g., for dissipating excess energy via appropriate cooling
agents, such as watecr or air.

-2 -
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SUMMARY OF THE INVENTION

Therefore, the problem underlying the invention is to obtain a
welding current regulation or a regulation of the welding power, when a
laser welding apparatus is involved, in dependence upon the production
rate, which guarantees problem-free welding of any metals and metal
strips of different strip tbicknesses with an optimal waveform of the
welding current.

According to the invention, this problem is solved by adding a
rate-dependent voltage amplitude to an adjustable fixed-voltage
amplitude. The adjustment of this fixed-voltage amplitude, e.g., in
dependence upon the strip thickness selected, results in a zero-point
shift on the current-rate diagram, whereas the addition of the rate-
dependent voltage amplitude leads to the welding current characteristic
or welding load characteristic beginning at the respective zero point.
This measure facilitates the selection of any current value and power
value in dependence upon the welding rate, an adaptation to any welding
conditions is possible.

" In order to practice the invention in the case of a dc arc-welding
apparatus, there proved to be useful a circuit arrangement in which the
welding electrodes are energized from a voltage source via a transformer,
a reguiating element adjusting the welding current, and rectifier
elements, and the regulating element is influenced by a rate~dependent
tacho generator connected to a regulator. It is essential that, in
expanding the invention, an adjustable fixed-voltage source is connected
in series with the tacho generator. The tacho generator provides the
rate-dependent voltage of. say, 0-20 v, whereas the adjustable fixed-
voltage source, e.g., any step switch, provides a basic voltage amplitude
of 0-10 v.

The voltage amplitudes, which were added in a corresponding circuit,
are applied to the input of a welding current regulator, whereas the
instantaneous welding current amplitude is inputted from the current
transformer to the other input. A comparison of the nominal value with
the instantaneous value in the welding-current regulator results in the
required welding current at the output.
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In practising the invention, it is an other advantageous possibility
to energize the welding electrodes from a voltage source via a transfor-
mer, a regulating element adjusting the welding current, and rectifier
elements, with the regulating element being influenced by a welding-rate
dependent tacho generator which is connected with a regulator. There, in
practising the invention, the tacho generator and a fixed-voltage source
are with their separate outputs connected to the inputs of a summing
amplifier the output of which influences an input of the welding-current
regulator, whereas an other input of this regulator is connected with the
dc co.verter. In this arrangement, a direct mutual interaction in the
summation of the two voltage amplitudes is ruled out, and clear electrical
conditions have been created. As indicated above, the output voltage of
the summing amplifier is also in this case applied to the input of a
welding current regulator, whereas the other input of this reguiator is
suppiied with the instantaneous welding current amplitude from the current
converter.

A further improvement of the welding current regulation is ensured
by providing a voltage divider between the output of the tacho generator
and the input of the summing amplifier. The slope of the welding current
characteristic can be adjusted with its aid.

When in place of the dc arc welding apparatus mentioned above, laser
welding apparatus, e.g., in the form of a CO2 laser, is employed, the
summed voltage amplitudes are fed into a corresponding regulator of the
laser or the output of the summing amplifier is allowed to influence the
input of the laser regulator.

The problem of the invention, namely to ensure optimal conditions
for welding metal strips combined to form tubes by reducing the ripple of
the welding current, in further development of the inventive concept leads
to the measure of the regulating element being a thyristor rectifier
arrangement controlled by a subsequent transistor unit controlled by the
regulator in a welding-current regulating system in which the welding
electrodes are energized from a voltage source via a transforner, a
regulating element adjusting the welding current, and rectifier elements
and the regulating element is influenced by a welding-rate dependent



tacho generator. Such a configuration results in a reduction of the power
dissipated in the transistors so that an occasionally rather expensive
cooling of these switching elements becomes redundant. At the same time,
in applications of the invention one makes use of the advantage of short
regulating times resulting from the use of transistors. The thyristor
rectifier arrangement is controlled so that the voltage drop at the
transistors and the resulting power dissipation are minimized.

In practising the invention, it proved to be expedient to provide
an additional regulating amplifier in th’ feedback circuit from the
transistor unit to the thyristor rectifier arrangement. In this way,
problem-free control of the thyristor rectifiers is possible, and this
holds also in the case of high production rates.

In order to ensure optimum conditions for the welding of metal
strips combined to form a tube by reducing the ripple of the welding
current, in developing the inventive concept further one can employ
higher-pulsed rectifier arrangements as the regulating element; e.g., one
can resort to a twelve-pulse rectifier unit.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention will be explained in detail with reference to the
embodiments shown in Figures 1 to 5.

As can be inferred from Figure 1, denoted by 1 is a supply voltage
source which may be, for example, the 50 Hz ac power net. A transformer
2, the secondary winding of which is connected with thyristor 3, is
connected to the voltage source 1. Between the electrodes 4, denoted by
(+) and (=), of the welding apparatus (not shown) and thyristor 3 there
is connected a dc converter 5§ at the secondary terminals of which a
voltage corresponding to the instantarezous amplitude of the welding
current can be picked up. Regulator 6 i5 energized via a power supply
not shown.

It is a well-known fact that the thyristor rectifier arrangement 3
becomes non-conductive at any zero crossing of the voltage and need be re-
ignited thereafter. This ignition is effected by regulator 6 which sets
the time of ignition of thyristor 3 sooner or later in dependence upon
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the circumstances so that, accordingly, more or less current reaches the
welding electrodes 4. Thyristor unit 3 is not directly controlled by
regulator 6 but, as indicated, by transistor unit 7 which follows the
thyristor rectifier arrangement 3 but has a feedback 8 to the same, with
the aid of which thyristor arrangement 3 is controlled via a servo
amplifier so that the voltage drop at transistors 7 and, hence, their
power dissipation can be minimized. By using transistor unit 7, the
regulation is improved further, and a substantial reduction of the ripple
of the welding current is achieved even at high uncoiling rates. A
further improvement can be obtained by placing a filter 10 between the
thyristor rectifier arrangement 3 and the following transistor unit 7.

As expounded above, occasionally it may be advantageous for the
invention to apply to regulator 6 a voltage which is composed of an
adjustable fixed-voltage amplitude and a rate-dependent voltage amplitude.
In order to accomplish this, there is provided a summing circuit
consisting of the tacho generator 11 and a voltage source 13 which is
adjustable via resistor 12. The voltage amplitude obtained from the
circuit components 11 and 13 is applied to regulator 6 which is connected
to the dc converter 5 and receives from it the instantaneous dc amplitude
which is then compared with the voltage amplitude supplied by the tacho
generator 11 and the adjustable voltage source 13 and used for regulation.

Figure 2 shows an arrangement at variance with the embodiment shown
in Figure 1, wherein the, say. six-pulse thyristor rectifier arrangement
3 is replaced by a twelve-pulse arrangement 14. Accordingly, the
transformer 16 whi.> is energized by the supply voltage source 15 is
provided with a second secondary coil. A1l the other circuit components
of the circuitry according to the invention correspond to those used in
Figure 1 for practising the invention.

As can be inferred from Figure 3, the supply voltage source fis
denoted by 21, which source may be, for example, the 50 Hz ac power net.
A transformer 22, the secondary coil of which is connected with thyristor
23, is connected to voltage source 21. Between the electrodes 24
(denoted by (+) and (-)) of the welding apparatus and the thyristor 23
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there is connected a dc converter 25 from the secondary side of which a
voltage corresponding to the instantaneous amplitude of the welding
current can be obtained. The regulator 26 is energized from the power
supply 27. As indicated above, the thyristor 23 becomes non-conductive
at each zero crossing of the voltage and thereafter has to be re-ignited.
Th1s'1gn1t1on is effected by regulator 26 which sets the time of ignition
of the thyristor sooner or later in dependence upon the circumstances so
that, accordingly, more or less current reaches the welding electrodes 24,

It is essential for the invention that to the regulator 26, which
can be replaced by the input of a laser, there is applied a voltage which
results from an adjustable fixed-voltage amplitude and a rate-dependent
voltage amplitude. In order to achieve thiy, there is provided a summing
circuit consisting of the tacho generator 28 and the adjustable voltage
source 29. The voltage amplitude determined by 28 and 29 is applied to
the regulator 26 which is connected with the dc converter 25 and receives
from it the instantaneous welding current amplitude which is then compared
with the voltage amplitude supplied by the tacho generator 28 and the
adjustable voltage source 29 and used for regulation. The dc converter 25
can be formed by a shunt with a following isolating amplifier.

At variance therewith, in Figure 4 there has been adopted an
arrangement in which, for the purpose of summing the two voltage
amplitudes, there is used a summing amplifier 30 of conventional design.
The output of the summing amplifier is connected with the input of the
regulator 26 or with the input of, for example, an adjustable high-fre-
quency generator coptrolling the output power of a welding laser, whereas
the other input is connected with the current converter 25. The fixed-
voltage amplitude requived for the summation is fed from the adjustable
voltage source 31 to the one input of the summing amplifier 30, with the
adjustment of the respective voltage amplitude effected through the
voltage divider 32. The rate-dependent value is provided by the tacho
generator 33, with the slope of the rate-dependent characteristic
adjustable by means of step switch 34.
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Figure 5 shows in a diagram the functioning of the circuits
described in Figures 3 and 4. The welding current, expressed in A, is
plotted as a function of the weld-advance rate expressed in m/min. The
permanently adjustable voltage amplitude, which is applied to the summing
amplifier 30, results in a certain base current; as can be inferred from
the figure, any change of this voltage ampiitude causes a parallel
translation of the zero point toward the current axis or a corresponding
paraliel transtation of the family of curves C. Furthermore, it is
essential for the invention that the slope of the familiy of curves C can
be changed by the step switch 34 which precedes the tacho generator 33,
so that, according to the requirements, one can work with smaller or
larger welding current amplitudes per unit time in dependence upon the
weld-advance rate. Particularly Figure 4 shows the advantages of the
invention, which apply in equal fashion to dc arc welding apparatus and
laser welding apparatus and result from the fact that the voltage
amplitudes supplied by the tacho generator 33 and the fixed-voltage
source 33 to the summing amplifier do not influence each other and that a
common zero point exists.
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The ciaims defining the invention are as follows:

1. A method for regulating the welding current or the welding power in
dependence upon the weld-advance rate in welding apparatus for the
continuous longitudinal-seam welding of metal strips combined to form a
tube, characterized in that a rate-dependent voltage amplitide 1s added to
an adjustable fixed-voltage amplitude.

2. Circuitry for practising the method for dc arc welding apparatus
according to Claim 1, wherein the welding electrodes are energized from a
voltage source via a transformer, a regulating 2lement adjusting the
welding current, and rectifier elements and the regulating element is¢
influenced by a weld-advance rate-dependent tacho generator connected to a
regulator, characterized in that an adjus* ble fixed-voltage source is
connected in series with the tacho generator.

3. Circuitry for carrying out the method for dc arc weldir pparatus
according to Claim 1, wherein the welding electrodes are energized from a
voltage source via a transformer, a regulating element adjusting the
welding current, and rectifier elements and the regulating element is
influenced by a weld-advance rate-dependenl tacho generator connected to a
regulator, characterized in that the tacho generator and a fixed-voltage
source are separately connected with their outputs to the inputs of a
summing amplifier the output of which actscgpon the regulator, with an
output of this regulator connected with thg dc converter.

4. The circuitry according to Claim 3, characterized in that a voltage
divider is inserted between the output of the tacho generator and the
input of the summing amplifier.

5. Circuitry for carrying out the method according to Claim 1 for a
laser welding apparatus, characterized in that the output power of the
welding laser ts adjustable through a regulator to the input of which
there is connected a series circuit composed of a weld-advance rate-
dependent tacho generator and an adjustable fixed-voltage source.

6. Clrcuitry for carrying out the method according to Claim 1 Yor a
laser welding apparatus, characterized in that the output power of the
welding laser 1s adjustable through a regulator to the input of which
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there is connected the output of a summing amplifier the inputs of which
are separately connected with the outputs of a weid-advance
rate-dependent tacho generator and a fixed-voltage source.

7. The circuitry according to claim 6, characterized in that a
voltage divider is inserted between the output of the tacho generator
and the input of the summing amplifier.

8. Circuitry for carrying out the method for dc arc welding
apparatus according to claim 1, wherein the welding electrodes are
energized from a voltage source Via a transformer, a regulating element
adjusting the welding current, and rectifier elements and the regulating
element is influenced by a weld-advance rate-dependent tacho generator
connected to a regulator, characterized in that the regulating element
1s a thyristor rectifier arrangement which is controlled by a following
transistor unit controlled by the regulator.

9. The circuitry according to claim 8, characterized in that a
summing amplifier is provided in a feedback clrcuit From the transistor
unit to the thyristor rectifier arrangement.

10, The circuitry according to claim 8 or 9, cha:acterized in
that a twelve-pulse rectifier arrangement is used as the regulating
element.

11. The circuitry according to clafu & or 9, characterized in
that a filter 1s inserted between the thyristor rectifier arrangement
and the following transistor unit.

12, A method for regulating the welding current o the weldiug
power in dependence upon the weld-advance rate in welding apparatus for
the continuous lcngitudinal-seam welding of metal strips combined to
form a tube, said method being substantially as described with reference
to Fig. 1 or Fig. 2 or Figs. 3 or 4 and Fig. 5 of the accompanying
drawings.

HRF/1002¢
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13. Circuitry for carrying out the method for dc arc welding

accerding to claim 1 or claim 12, said circuitry being substantially as

described with reference to Fig., 1 or Fig. 2 or Figs. 3 or 4 and Fig.

of the accompanying drawings.

DATED this SEVENTEENTH day of NOVEMBER 1992
Kabeimetal Electro GmbH

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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