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Abstract
An mverter based power source for electric arc welding where the power source includes
a high switching speed inverter for driving the primary side of an output transformer that has a
primary circuit with current greater than 250 amperes and a secondary circuit with a current
having an operating range with a maximum current greater than 700 amperes and an output

rectifier to rectify the secondary current into a DC current suitable for welding.
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POWER SOURCE FOR HIGH CURRENT WELDING

This application 1s a continuation-imn-part application of prior application S.N.
10/617,236, filed July 11, 2003,

The present invention relates to the art of electric arc welding and more particularly to a
switching inverter based power source wherein the inverter is capable of generating a welding
current heretofore unobtainable in an inverter based power source for welding or any other use.

BACKGROUND OF INVENTION

The invention is directed to a power source especially designed for electric arc welding
using submerged arc technology. This type of welding operation requires extremely high
welding currents, often in excess of 1000 amperes. Consequently, a power source for this use
has generally involved robust transformer based mput power supﬁlies. In recent years, the
welding industry has gradually transitioned to high switching speed inverters that have better
welding performance, more accurate waveform control and smaller weight than bulky, high
power transformer based power supplies. High switching speed inverters involve a series of
paired switches for directing current in opposite directions through the primary of an output
transtormer. The secondary ot the transformer 1s connected to an output rectifier so the output
signal of the inverter based power source 1s generally a DC voltage. Consequently, a DC voltage
to the high switching speed inverter is converted to a DC output by use of an output transformer
and an output rectifier. This has been standard technolo g‘y for the welding industry since the

early 1990's and has been the subject of many patents for inverter power sources designed for

use 1 welding. Blankenship 5,349,157; Blankenship 5,351,175; Lai 5,406,051; Thommes
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5,601,741; Kooken 5,991,169; Stava 6,051,810; Church 6,055,161, and Morguichi 6,278,080 are

all examples of inverters using an output transformer and rectifier as now used extensively in the
electric arc welding field. These patents are incorporated by reference herein as background
technology showing the type of high switching speed inverter based power sources to which the
invention is directed. The origin of this type of high efficiency power source 1s low power
circuits developed many years ago for lighting and other fixed loads, where the output current 1s
quite low, such as less than 10 amperes. Through the years the welding industry has converted
existing low current, high speed inverter based power sources into welding power sources with
output currents in the general range of 200-300 amperes. The conversion of low capacity power
sources 1nto power sources capable of creating output currents necessary for welding involved
development work generated at great expense over several years. This development work has
resulted in inverter based power sources designed for electric arc welding that have high output
current capabilities within maximum currents of 500-600 amperes. Indeed, The Lincoln Electric
Company of Cleveland, Ohio has marketed an inverter based power source for electric arc
welding having an output current capacity in the general range of 500-600 amperes. This has
been the maximum current capability of the high efficiency power sources based upon high speed
switching inverters with output AC transformers. Higher currents could not be obtained
economically. Consequently, these inverters were not capable of use by themselves in high
current welding operations, such as submerged arc for heavy pipe welding in a pipe mill. Such
submerged arc welding in a pipe mill often imnvolved the use of several tandem electrodes with

cach electrode requiring at least about 1,000 amperes of current, whether AC current or DC
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current. Consequently, inverter based power sources could not be used for submerged arc
welding 1n a pipe mill, since each one of the tandem electrodes required at least about 1,000
amperes of welding current. The Lincoln Electric Company solved this problem by using several
inverters for each electrode 1n the submerged arc welding operation. This technology is generally
disclosed in Stava 6,291,798 incorporated by reference herein. This combining of several
inverters allowed the pipe industry to use the high efficiency inverter based power sources in
submerged arc welding of pipe sections; however, it required one or more separate power source
for each electrode. This was an expensive proposition, but did have substantial advantages over
other types of power sources based upon sinusoidal input transformer power supplies. Stava
6,291,798 1s incorporated by reference to show one scheme to accomplish high current with a
low current inverter based power sources. Several low current iﬁverters connected together to
accomplish high' output currents are disclosed 1n Stava 6,365,874 directed to a circuit referred to
as an inverter, but it 1s not the type of circuit to which the invention 1s directed. In Stava
6,365,874 a high capacity input transformer and rectifier produces a DC voltage which is
alternately switched across the welding operation to produce an AC welding current. This patent
is different from the type of inverter developed for electric arc welding, but does show the
concept of using several inverters to obtain high output current. This type circuit replaces the
transformer based power source for submerged arc welding. This patent 1s incorporated by
reference herein as background information. The type of circuit shown in Stava 6,365,874 can be
converted into a use of an inverter of the type to which the present invention is directed where the

AC output current 1s developed by an inverter. This output concept is shown in Stava 6,111,216
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where no specific inverter 1s disclosed. This patent 1s incorporated by reference. It discloses the
concept of using an undefined inverter for AC electric arc welding wherein, irrespective of the
inverter current, the high current at the polarity reversal points 1s reduced to decrease the required
size of an output polarity switch shown in Stava 6,111,216 and also in Stava 6,365,874. These
two patents are incorporated by reference as background information since when using AC
output current the present invention anticipates implementation of the invention disclosed and
claimed in Stava 6,111,216 to control the switching of the output current. However, this patent
is conceptional as to the output switching concept, but not to any type of inverter detail.

The present invention 1s directed to a high switching speed inverter having an output
transformer with a secondary rectified to produce the desired output DC voltage available for
electric arc welding. In the last ten years the power sources of this type have been modified and
developed to be used for electric arc welding. The present invention involves a further
development 1n this type of power source to take the next step of essentially doubling the output
current capabilities of a single inverter based power source. The invention involves several
changes in the power source, one of which is the use of a matrix transformer at the output of the
power source, which transformer utilizes a novel module concept allowing high current transfer
from the primary to the secondary of the output transformer in the power source. The actual
electrical circuit for the transformer can vary; however, a representative transformer circuit is
shown in Blankenship 5,351,175 incorporated by reference herein as background information.
The transformer modules are assemblies which form the secondary of a transformer, wherein the

primary is interleaved through the modules. More than one module 1s used in a matrix
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transformer. This technology i1s well known and is shown 1n Herbert 4,942,353 which 1s
incorporated herein so that disclosure of the matrix transformer technology need not be repeated.
In Herbert 5,999,078 two adjacent magnetic cores are provided with secondary windings and
primary windings wherein each module mcludes a half turn of the secondary winding. These
modules merely provide a flat conductive strip through a core to be connected as a part of a
secondary winding. The primary winding is then interleaved through the modules in accordance
with standard matrix transformer technology. A similar module having several turns in a given
core is shown in Herbert 6,734,778. These patents are incorporated herein to show prior art
technology regarding modules used for a secondary winding in a matrix type transformer.
THE INVENTION

Modifications have been made in a standard inverter based power source used for high
capacity electric arc welding, which modified power source can be used for DC or AC welding
having an output welding current in excess of 700 amperes and specifically about 1000 amperes.
The basic modification 1s a novel coaxial module used 1n parallel as the secondary of the output
transformer to allow high current transfer of welding current through the transformer.
Furthermore, the input of the power source 1s connected to a three phase line current having a
voltage in excess of 400 volts. Thus, input energy to the rectifier and power factor correcting
input stage, which is normally a passive circuit but may be an active circuit, is a relative high
voltage and has extremely high currents in excess of 250 amperes, preferably 300-350 amperes.
Thus, the inverter stage of the power source 1s converted to using switches having current

capacities in excess of 250 amperes so that the current tlow to the primary of the output
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transformer 1s 250-300 amperes. By implementing the novel coaxial modules for the output
transformer, secondary current 1s generally 1,000 amperes. The current level has been designed
and 1s alluded to as the definition of high current since this type of current i1s needed for
submerged arc welding. Designing an inverter based power source that can obtain this desired
current level 1s a novel concept. Obtaining an output current of over 700 amperes drastically
increases the output current of an inverter based power source over any output currents
previously available in the welding industry.

In accordance with the present invention there 1s provided a power source for electric arc
welding. The power source includes a high switching speed inverter for driving the primary side
of an output transformer, wherein the primary circuit of the transformer is operated at current
greater than 250 amperes and the secondary circuit of the transformer 1s operated at a range of
currents with a maximum current greater than 700 amperes. The mverter uses pulse width
modulation of the paired switches under control of a pulse width modulator directed by a
controller using waveform technology. The power source includes an output rectifier to rectify
the secondary current into DC voltage suitablé for electric arc welding.

In accordance with another aspect of the present invention there 1s provided a method of
submerged arc welding, which method comprises rectifying a power supply having a three phase
voltage over 400 VAC to obtain a DC signal, power factor correcting the DC signal into a DC
bus with a voltage level greater than 400 VDC, inverting the DC bus into an AC signal with a
maximum current level over 250 amperes by high speed switching the DC bus, transferring the

AC signal into a welding maximum current level greater than 700 amperes, connecting the
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welding current to a submerged arc electrode and moving the electrode along the path. This
method 1s selectively operated either bC current or AC current. When operated in AC current
mode, the current level of the inverting act 1s reduced prior to each polarity reversal of the AC
current as taught in Stava 6,111,216, This patent relates to a general switch concept and not to a
particular type of inverter.

The primary object of the present invention 1s the provision of an mverter based power
source using pulse width modulation and having an output transformer and rectifier which power
source 1s designed to obtain a welding current greater than 700 amperes, a level previously
unobtainable..

Still a further object of the present invention is the provision of a power source, as
defined above, which power source comprises coaxial, module secondary windings for the
inverter output transformer to allow conversion from about 300 amperes on the primary side of
the output transformer to upwards of about 1,000 amperes on the secondary side of the output
transformer.

Yet another object of the present invention is the provision of a method of submerged arc
welding which method involves the development of at least about 700 amperes welding current
for use i the Weidillg operation. This method can be used in DC or AC MIG welding with an

electrode exceeding 0.09 mches 1n diameter.

These and other objects and advantages will become apparent from the following

description taken together with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
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FIGURE 1 is a block diagram illustrating a preferred embodiment of the present
invention;
FIGURE 1A is a partial logic diagram of the waveform technology control scheme used
in the preferred embodiment of the present invention;
FIGURE 1B is a schematic wiring diagram of the high switching speed inverter stage and
novel output transformer used in the preferred embodiment of the present mvention;
FIGURE 2 is a schematic diagram of the present invention used for submerged arc
welding illustrating an additional advantage of using the present invention;
FIGURES 3-7 are current graphs of representative type current patterns and profiles
obtainable by using the present invention;
FIGURE 8 is a flow chart of the method of using the preférred embodiment of the present
invention for submerged arc welding;
FIGURE 9 is a current graph illustrating an aspect of the invention employing the

technology disclosed and claimed in Stava 6,111,216;

FIGURE 10 is a wiring diagram illustrating a modification of the preferred embodiment

of the invention to adjust the level of the polarity reversal current as schematically 1llustrated in

FIGURE 9;

FIGURE 11 is a pictorial view of a module used in the preferred embodiment of the

present invention;

FIGURE 12 is a side elevational view of the module of FIGURE 11 showing in partial

cross-section one side of the concentric tube construction;
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FIGURE 13 is a schematic wiring diagram illustrating the current flow in a module as

shown in FIGURES 11 and 12;

FIGURE 14 1s a wiring diagram of the module shown in FIGURES 11-13 in conjunction
with a single primary winding interleaved through the passages of the parallel concentric tube
module;

FIGURE 15 is a schematic wiring diagram similar to FIGURE 13 illustrating a modified
module utilizing two parallel tubes with a full wave output rectifier;

FIGURE 16 is a wiring diagram showing three modules as illustrated in FIGURES 11-13
connected as the output of the power transformer of the power source for an electric arc welder;

FIGURE 17 is a schematic wiring diagram of the high switching speed inverter used for
the primary winding and/or windings that are interleaved in the modules schematically
represented in FIGURE 16 and shown in detail in FIGURES 11-13 and in FIGURE 18; and,

FIGURE 18 is a pictorial view of three modules connected as sﬂown i FIGURE 16
utilizing a plurality of modules as disclosed in FIGURES 11-13 and usable in the power sourcé
of FIGURE 1.

PREFERRED EMBODIMENT

The present invention relates to a power source S for electric arc welding across the gap

between an electrode E and workpiece W, wherein the power source includes a high switching
speed inverter 300 operated at a switching frequency in the general range of 40 kHz with
switches having a capacity of over 250 amperes. Details of the preferred mverter 300 are shown

in FIGURE 1B for the power source S as shown in FIGURE 1. The control architecture of the
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embodiment 1s schematically illustrated in FIGURE 1A. Referring now to the preferred
embodiment of power source S, the input stage of the power source is a three phase line current
with a voltage 1s 1n excess of 400 volts AC. The three phase power source 310 1s rectified by
rectifier 312 to produce a DC signal in lines 320, which DC signal is directed to the input side of
a standard power factor correcting stage or circuit 330. Circuit 330 1s preferably passive and
includes the schematic representation of inductor 332 and capacitor 334 1n accordance with
standard technology. However, the invention 1s equally applicable to an active power factor
correcting stage 330 to produce a first DC bus across lines 340, 342. This DC bus has a voltage
generally equal to the peak voltage at lines 320. The power factor corrected preregulated DC bus
at lines 340, 342 1s the iput to high switching speed inverter 300. By providing the high input
voltage at input stage 310, high voltage, high current and high power 1s available at DC bus 340,
342 so that the extremely high capacity switches in inverter 300 provide a high current to output
transformer 350. Primary 352 of transformer 350 has a current alternating at the switching
frequency of about 40 kHz with a current 1s 1n the general range of 300 amperes. By providing
the novel modular matrix transformer as described in FIGURES 11-18, the secondary stage of
transformer 350 has the ability to increase the current from the primary side by a factor 3-5 times.
In the preferred embodiment the current increased between the primary side or winding 352 and
secondary side or network 360 is approximately three fold. Thus, an input current over 300
amperes to primary 352 produces about 1,000 amperes 1in secondary network or matrix
transformer 360 shown as windings Al, A2 and A3 and using' the modules shown in FIGURES

11-18. The duty cycle of the switch pairs 1n inverter 300 allows current flow 1n secondary
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network 360 between about 50 and 1,000 amperes. The duty cycle can be between 5% and 100%.
The output of transformer 350 1s rectified by rectifier 370 to produce a positive voltage at lead
380, and a negative voltage at lead 382 and a center ground 384. Thus, power source S converts
the high mput line voltage of stage 310 into a control DC voltage at lines 380, 382, with a current
range of S50 amperes to about 1,000 amperes. The voltage on the DC bus 380, 382 is
substantially less than the voltage on DC bus 340, 342. In practice, this voltage 1s less than 100
VDC. In accordance with standard welding technology, welding can be performed directly by
electrode E and workpiece W across output leads 380, 382; however, in the preferred
embodiment of the present invention, the power source is a high current capacity power source
with the capabilities of operating in both a DC welding mode and in an AC welding mode. To
accomplish this selectivity, one aspect of the present invention includes a standard polarity
switch 390 driven by output DC bus 380, 382. Polarity switch 390 has the capabilities of being
set at DC positive, DC negative or AC. Irrespective of the actual modes of operation selected by
polarity switch 390, the waveform in the preferred embodiment of the present invention is
controlled by waveform technology pioneered by The Lincoln Electric Company of Cleveland,
Ohio. This type of control system includes components schematically illustrated in FIGURE 1A
wherein current measuring shunt 400 has output lead 402 directed to error amplifier 420 having a
second mput 410a from a standard waveform generator 410. Thus, the waveform and current in
the welding operation being performed by power source S is controlled by the waveform profile
outputted from generator 410 in accordance with its comparison to the actual current in feedback

line 402. A comparator schematically illustrated as error amplifier 420 is a software component

211 -



10

15

20

CA 02488314 2004-11-23

LEEE 2004438

1n the control system and it outputs a signal on line 422. The signal level on line 422 controls the

duty cycle of the various switch pairs i mverter 300. The actual control is through pulse width

modulator 430 driven by oscillator 432. The signal on output 434 is directed to controller C of
inverter 300, as best shown in FIGURE 1B. Of course, the feedback control can be the arc
voltage, arc current or arc power of the welding process. Feedback current control, which 1s the
most common feedback parameter, is disclosed for illustrative purposes only to show the
waveform technology control 1n the preferred embodiment of the present mmvention. Controller
C, pulse width modulator 430 and waveform generator 410 require a control voltage, which
control voltage can be provided by a buck converter connected to the DC bus 340, 342 or other
DC voltages in power source S. In the illustrated embodiment of the present invention, the
control voltages, for the circuit boards used to control power source S 1s provided by power
supply 440 driven by a single phase of the input supply 310. Power supply 440 produces a
controlled voltage of about 15 VDC in line 442 to dnive the various controllers used in power
source S. When polarity switch is operated in the AC mode, current which may have a
magnitude of 1,000 amperes is shifted between a positive polarity and a negative polarity. As
disclosed in Stava 6,111,216, polarity switch 390 1s provided with a line 450 to direct a polarity
reversal signal in this line to inverter 300. When the polarity switch 1s to change polanty the
inverter 1s phased down. Thus, this signal reduces the output current maénjtude of inverter 300
to a low level, which level may be 0-200 amperes. Polarity switch 350 waits until the current in

lines 380, 382 is reduced to a set level before an actual polarity reversal 1s effected. This 1s

standard technology shown in FIGURES 9 and 10 and explained in detail in the prior Stava
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patent, which patent 1s directed to this output concept and not to a detail of the inverter itself.

In FIGURE 1B, switches SW1, SW2 are operated in unison by gate lines 460, 462. They
are controlled by the PWM changing the duty cycle relationship of the signals on these lines. In a
like manner, switches SW3 and SW4 are operated in unison by gating signals in lines 470, 472.
This 1s a full bridge high switching speed inverter network where the switching gétes are
outputted from controller C 1n accordance with the signal in line 434 from pulse width modulator
430. The switches operate at a frequency of about 40 kHz with a duty cycle to control the output
current between about 50 amperes and 1,000 amperes. Capacitor 480 stabilizes the voltage
across leads 340, 342 constituting the DC bus for mnverter 300. By constructing power source S
in accordance with the described implementation of the present invention, the power source can
output a welding current either DC or AC having a maximum current level greater than 700
amperes and, 1n practice, at least about 1,000 amperes. This has never been done before in a high
speed switching inverter and constitutes an advance which takes the low load inverters existing
in the 1980's and converts them into high capacity industrial power sources having an output
current not heretofore obtained.

FIGURES 9 and 10 show a slight modification of the preferred embodiment of the
invention where an active snubber 500 is connected across each of the switches in polarity switch
390. Since these snubbers are 1dentical, only the snubber across polarity switch SWS 1s
1llustrated in FIGURE 10. In accordance with standard practice, diode 502 1s connected in series
with capacitor 504. The capacitor 1s the voltage across switch SW5. This voltage across the

capacitor 1s sensed by detector 506 that controls switch 508. When the voltage of capacitor 504
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progresses to a given level, 1t 1s discharged through resistor 510 by closing switch 508. In
FIGURE 9 pulses 600, 602 are pulses representing AC operation of polarity switch 390. When .
there 15 a signal 1n line 450 indicating that polarity is to be reversed, inverter 300 is turned down
or off at point 610. The current then decays until it reaches a given set current level 612. At that
time, the cﬁrrent 1s actually reversed. If the output current 1s at 1,000 amperes, the current 612

may be 300 amperes. Thus, the current decreases by the amount f and switching occurs only at a

current having a magnitude represented as level e. This 1s the implementation of the system

disclosed 1n Stava 6,111,216 when there was no welding power source to create more than about
500-600 amperes of welding current. By using snubbing circuit 500, current reversal level 612 1s
adjustable. The reversal level 1s low when there is no snubber across the switches 1n polarity
switch 390. By uﬁng active snubber 500, the switching point current 612 in positive pulse 600
and the switching point current 614 1n negative pulse 602 can be adjusted to a higher level. Since
the output of power source S 1s operated at variable frequencies, the switches in polarity switch
390 may include snubbers, they may include an active snubber circuit 500 or they may use no
snubbers. The selection of the snubbing routine determines the reversal current points 612, 614
at which current reversal 1s actually performed by polarity switch 390. The disclosure of
FIGURES 9 and 10 1s not essential to the present invention but i1s used in practicing the
mvention. The same is true of the many welding waveforms of generator 410. FIGURES 3-7
show various types of AC wavetorms that can be generated by waveform technology using
waveform generator 410. In FIGURE 3, AC MIG waveform 700 has a period a and includes a

positive portion 702 and a negative portion 704. The amplitude or magmtude of portion 702 1s x.
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The negative amplitude 1s y. In this example, a higher negative amperage 1s provided by
waveform 700. The oppostte is true of waveform 710 shown in FIGURE 4 wherein magnjtude X
for positive portion 712 1s greater than magnitude y of negative portion 714. Each of the positive
and negative portions are formed by a plurality of small current pulses z in accordance with the
normal characteristic of pulse width modulating the output of inverter 300 by using waveform
technology under the control of waveform generator 410. If the current 1s tb duplicate a sine
wave, this can be done by using waveform technology as employed 1n the preferred embodiment
of the invention. Such performance is illustrated in FIGURE 5 where wavetorm 720 has a
positive sinusoidal portion 722 and a negative sinusoidal portion 724. Due to the need to reverse
polarity between the positive portion and negative portion of waveform 720 by switch 390, the
waveform normally includes generally vertical transition portions 726, 728 which are the current
reversal points shown in FIGURE 9. The duty cycle of the AC welding waveform can be
changed as shown in FIGURE 6, where waveform 730 includes positive portion 732 and
negative portion 734 havin‘g the same general amplitude, but with a different timing or duty
cycle. Portion 732 has a time length ¢ and portion 734 has a time length d. Variations in the
amplitude and duty cycle together with variations in the actual profile of the waveforms, have
been described. FIGURE 7 shows waveform 740, 750 comprising positive portions 742, 752 and
negative portions 744, 754. Waveform 740 has a low frequency fl and waveform 750 has a high
frequency 2. FIGURES 3 -7 are representative of the many AC waveforms which can be
implemented by the preferred control arrangement used in power source S. When DC welding 1s

to be performed, the waveform profile can be controlled by waveform generator 410 1n
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accordance with standard control technology. FIGURES 3-7 and FIGURES 9-10 relate to

operating components and slight modifications of the preferred embodiment of the invention and
do not form hmitations to the implementation of the invention.

The invention 1s pnmarily applicable to welding with a large diameter electrode ware,
such as a wire with a diameter in the range of 0.090-0.300 inches, such as submerged arc welding
where the current at each welding operation has a magnitude 1n the general range of greater than
650 amperes. Power source S can be applied to each electrode when several electrodes are used
in tandem to perform a welding operation, especially when welding for heavy fabrication. The
concept of using the invention for submerged arc welding 1s schematically illustrated in
FIGURES 2 and 8 where the basic electrode 1s single electrode E. In FIGURE 2, workpiece 800
is a pipe joint being welded using deposited flux bed 802 and electrode E connected to output
terminal 392 of power source S. The joint may be a seam or end welded 1n a pipe mill. By
moving the workpiece 800 with respect to power sources as mndicated by arrow 804, electrode E .
is melted to deposit molten metal onto the moving workpiece. This 1s standard submerged arc
technology. Of course, in some situations welding of pipe 1s done in the field where more than
one electrode 1s used as an AC MIG process. Since power source S has a capacity of
approximately 1,000 amperes, a natural occurring feature of the invention 1s schematically
illustrated in FIGURE 2 where each electrode requires a current less than about 300 amperes.
Three electrodes 810, 812, 814 in addition to electrode E are shown. It has been found that the
st1ff nature of power source S can drive four electrodes, each having a welding current of about

200 amperes by using series inductors 820, 822, 824 and 826. Thus, when one electrode shorts
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against workpiece 800, the other electrodes continue to weld. Operation of several electrodes by
one power source 1S made possible by the high current capacity of power source S. This
capacity allows storage of energy in the inductors so one short circuit will not drain all current
from the other electrodes. The schematic illustration of several inductors in FIGURE 2 1s to
describe an advantage of having a high capacity power source S. Power source S is preferably
used with a smgle electrode E; however, multiple elecﬁode welding can be performed with
power source S. This is especially helpful for MIG welding whether AC or DC. The invention 1s
used for single electrode E in pipe mills and multiple electrodes, in pipe mills or 1n the field..

The method of submerged arc welding using power source S 1s shown as tlow chart 900
in FIGURE 8. In accordance with the preferred method of the present invention, a three phase
line voltage of over 400 volts AC is rectified as indicated by block 902. The rectified output of
block 904 1s power factor corrected, either with an active or preferably a passive power factor, as
indicated by block 904. The DC output of the power factor correcting circuit 904 is converted to
an AC signal having a current rating of over 300 amperes as indicated by block 906. This high
current is transformed into a secondary AC signal having a current increased to a level greater
than 700 amperes and generally in the range of 1,000 amperes. To accomplish this objective, the
transformer ratio is between 3:1 to 4:1. The high current from the transforming operation shown
as block 908 is rectified as indicated by block 910 to produce a DC bus which is directed to a
polanty switch causing either AC or DC welding current. This current has a magnitude up to

about 1,000 amperes as represented by block 912, This igh welding cuirent is connected to a

submerged arc electrode E as shown in FIGURE 2. The electrode has a diameter 1n the general
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range of 0.090 to 0.300 inches. This 1s represented by block 914, The invention 1s, thus,
generally applicable to welding with an electrode having a diameter greater than about 0.100
inches. Thereafter, the electrode driven by the high current power source 1s moved along the
workpiece as indicated by block 916 together with granulated flux 802, as represented by block
5 918. In this manner, a single 1nverter 1s used to perform submerged arc welding. There 1s not a
need for combining two separate inverter power sources to create the current necessary for the
submerged arc welding process.
Conversion of the high switching speed inverter of the past into a power source having an
output welding current greater than 700 amperes and generally in the range of 1,000 amperes has
10 been made possible by the use of a modular construction of the matrix secondary 360 of power
source S as shown in FIGURE 1. Thus, the output secondary windings are divided into several
sections A1, A2 and A3 as schematically illustrated in FIGURE 1B. The secondary side of
transformer 350 is constructed by using a plurality of modules A, as described and explained 1n
FIGURES 11-18. Several modules A are used in a matrix transformer where primary winding 1s
15 interleaved through two or more modules A. Each of the modules is the same and will be
described as a module and as combined for use in the output of transformer 350.
Module A is formed from a first assembly 10 with a first tube 12 termimating i a lower
tab 14 having a connector hole 16. Central passage 18 in tube 12 1s used as the primary winding
passage when module A includes only the first assembly 10. As will be explained, the preterred

20 embodiment has two assemblies formed by telescoping two coaxial conductive tubes usually

formed from copper and telescoped around each other. Second tube 20 of first assembly 10
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includes a terminal tab 22 with a lower connector hole 24 and has a central cylindrical passage
26. To fix tube 12 with respect to tube 20, so the tubes are in parallel and in spaced relationship,
a first jumper strap 30 1s prolvided. Two space holes in strap 30 surround the first end of tubes
10, 20 so weld joints 32 fix the tubes into the holes. As so far described, the jumper strap 1s at
one end of the tubes and the tubes are parallel and spaced with the second ends having protruding
tabs 16, 22, respectively. As will be explained later, only assembly 10 may be used; however, the
preferred embodiment involves a coaxial relationship involving a second assembly 40 essentially
the same as assembly 10 with tubes having lesser diameter so that they telescope into tubes 12,
20. Assembly 40 includés third tube 42 having a lower tab 44 with a connector hole 46 and a
central passage 48 to accommodate winding P. A fourth tube 50 has a lower tab 52 with a
connector hole 54 so that the third and fourth tube can be joined by a second jumper strap 60
provided with spaced openings surrounding the top or first end of tubes 42, 50. Weld joint 62
around the tubes joins the tubes into the holes of jumper strap 60. This second assembly 1s quite
similar to the first assembly except the diameters of tubes 42, 50 are substantially less than the
diameters of tubes 12, 20. In the cylindrical gap between the tubes, a Nomex insulator sleeve or
cylinder 70, 72 is provided. These cylindrnical insulator sleeves électrically 1solate the coaxial
tubes forming the basic components of module A. Plastic end caps 80, 82 are provided with two

transversely spaced recesses 84 in cap 80 and two spaced recesses 86 1n cap 82. Only one of the

recesses 84, 86 1s illustrated in FIGURE 12. The other recesses are the same and need not be
illustrated. The construction of the left coaxial assembly of module A 1s essentially the same as

the construction of the right coaxial assembly as shown 1n cross-section i FIGURE 12. As
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illustrated, between cap recesses 84, 86 there are provided a plurality of ferrite donut-shaped
rings or magnetic cores 90-98. To center the cores there are provided a number of silicon
washers 100 so bolts 110 having heads 112 clamp the end caps together. This action holds the
spaced rings around the coaxial tubes of module A. Assembliesl 10, 40 with the coaxial tubes are
held onto module A by an upper plastic nose 120 having an arcuate primary winding guide 122.
The nose is held onto end plate 82 by transversely spaced bolts 124. Nose 120 includes 1ateraily
spaced slots 126, 128 so that the nose can be moved from one edge of assemblies 10, 40 to the
center position by riding on spaced jumper straps 30, 60. When in the center of the module, the
plastic nose is bolted to end cap 82. This clamps assemblies 10, 40 onto module A 1 the
position shown in FIGURE 12 and holds straps 30, 60 in spaced relationship. The coaxial tubes
are aligned by holes 80a, 82a concentric with cylindrical recesses 84, 86 in end caps 80, 82,
respectively. Two of these holes are located in each of the end caps. Washers 100 center the
coaxial tubes in the cylinder formed by core rings 90-98.

Module A is connected as a secondary for a high frequency transformer driven by a
primary from an inverter. This electrical arrangement involves connecting assemblies 10, 40 in
series by a center tap connector 130 having holes 132, 134 and 136. A nivet 140 connects hole
132 with tab 52, while rivet 142 connects hole 136 with tab 14. To stabilize center tap 130, the
ends of the tap are provided with cylindrical wings 144, 146, best shown in FIGURE 12. As
shown mn FIGURE 13, module A is connected to rectifier 150 having diodes 152, 154 and an
output terminal 156. By this arrangement, the single coaxial module allows primary winding or

windings P to be leaved through cylindrical passages 48, 56 so the module 1s a secondary of a
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high frequency transformer. This is a normal use of the present invention when employed for an
electric arc welder. A simplified wiring diagram of the embodiment 1s illustrated in FIGURE 14
to show primary winding P and secondary windings 12/20 and 42/50.

In accordance with a modification of module A, module A' shown in FIGURE 15
includes only tube assembly 10 with only conductive tubes 12, 20 that define terminal ends 16,
24. These terminals are connected across a full wave rectifier 160 having output terminals 162,
164. Tubes 12, 20 could be a single tube; however, in the invention two tubes are used to
minimize inductance so the primary winding from the inverter is leaved around jumper 30
through center winding accommodating openings 18, 26.

A plurality of modules A are arranged to provide a igh frequency transformer for a
welder represented by electrode E and Worlipigce W in FIGURE 16. This matrx transformer
concept used in power source S is illustrated schematically in FIGURES 16:- 1‘8 wherein modules
A1, A2 and A3 are joined together by end straps 190, 192 in one end of the multiple module
assembly shown in FIGURE 18 and end straps 194, 196 on the other end. Bolts clamp a frame
around modules A1, A2 and A3 to assemble them into alignment, as shown in FIGURE 18
wherein each set of passages 48, 56 is in parallel and are aligned in side-by-side relationship.
The wiring diagram for the assembly shown in FIGURE 18 1s illustrated m FIGURE 16 wherein
terminals 156 are connected in parallel at terminal 170 and center tap 148 1s connected in parallel

at terminal 172. The primary windings from one or more inverters are shown schematically m

the wiring diagram of FIGURE 17. Inverter 200 creates an AC current in primary P1. In a like

manner, inverter 202 provides an AC current in primary P2. These two primaries are interleaved
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together through modules Al, A2 and A3. In practice, two primary windings are used in the
matrix transformer of FIGURE 18; however, a single winding 1s also used 1in this type of matrix
transformer. FIGURES 16-18 merely iilustrate that the coaxial secondary transformer module A
of FIGURES 11-13 can either be used as a single secondary winding or as parallel secondary

windings in a matrix transformer. Other arrangements use module A as a secondary winding for

a transformer 350 between inverter 300 and a polarity switch 390. The tubular, coaxial

conductors disclosed in module A can be replaced by an elongated ribbon helix around the center

- axi1s of the mdividual tubes. Such helix configuration still provides the coaxial relationship

between the concentric tubes. The term "tube" defines a continuous tube conductor, as so far
described, or the helix tube as used 1n the alternative embodiment.

By using the novel coaxial modules in secondary 360 of transformer 350, it 1s possible to
increase the current rating of the switches SW1-SW4 to a level of about 300 amperes. Thus, the
output of inverter 300 has a rated current at the full on condition as directed by pulse width
modulator 430. This produces 350 amperes in primary winding 352. With a turn ratio of 3:1 to
4:1 obtained by thcf: use of the coaxial matrix transformer, the output current for welding reaches
about 1,000 amperes. This has never been done in the welding industry and converts the normal
low power inverter based power source into a completely new type of industrial power source
capable of driving a 1,000 current submerged arc welding method. The preferred embodiment is
controlled by a pulse width modulator adjusting the duty cycle. As an altenﬁative the control can

be by a pulse width modulator adjusting the phase shift as is done 1n some welding inverters.

_77 .



CA 02488314 2004-11-23

LEEE 200448

Having thus defined the invention, the following 1s claimed:

1. A power source for electric arc welding, said power source including a high
switching speed inverter for driving the primary side of an output transformer, said output
transformer having a primary circuit with current greater than 250 amperes and a secondary
circuit with a current having an operating range with a maximum current greater than 700

amperes and an output rectifier to rectify said secondary current into a DC current suitable for

welding.

2. A power source as defined in claim 1 wherein said secondary circuit includes a
number of separate winding modules, each with a given current capacity, and connected 1n

parallel with the total output welding current being the sum of the currents of said separate

welding modules.

3. A power source as defined in claim 2 wherein each of said modules comprises a

first conductive tube with first and second ends; a generally parallel closely adjacent second
conductive tube with first and second ends, said tube having a central elongated passage for
accommodating one or more primary windings of said primary circuit; a magnetic core
surrounding each of said tubes; a jumper strap joining said first ends of said tubes; and, a circuit

forming connector at said second ends of said tubes.
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4. A power source as defined in claim 3 wherein each of said magnetic cores each
comprise a plurality of doughnut-shaped rings around one of said tubes.

5. A power. source as defined 1n claim 4 including a nose piece over said jumper
strap with a guide surface between said central passages of said parallel tubes.

0. A power source as defined in claim 3 including a nose piece over said jumper
strap with a guide surface between said central passages of said paraliel tubes.

7. A power source as defined in claim 6 including a conductive assembly compnsing

a third conductive tube with first and second ends, a fourth conductive tube with first and second
ends and a second jumper strap joining said first ends of said third and fourth tubes into a parallel
relationship to each other and to said first and second tubes; said third and fourth parallel tubes
being telescoped into said passages of said first and second tubes, respectively, and having
elongated passages for accommodating said primary winding or windings of said primary circuit
with said first and second jumper strap spaced from each other; a first tubulaf isulator between
said first and third tubes: a second tubular insulator between said second and fourth tubes; and a

center tap connector joining said conductive assembly to a second end of one of said first and

second tubes to form said tubes into a series circuit.
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8. A power source as defined in claim 7 wherein said second end of one of said first

and second tubes and one end of one of said third and fourth tubes are connected to a rectifier.

9. A power source as defined in claim 7 including an insulator between said jumper

straps.

10. A power source as defined in claim 4 including a conductive assembly comprising

a third conductive tube with first and second ends, a fourth conductive tube with first and second

ends and a second jumper strap joining said first ends of said third and fourth tubes into a parallel
relationship to each other and to said first and second tubes; said third and fourth parallel tubes
being telescoped into said passages of said first and second tubes, respectively, and having
elongated passages for accommodating said primary winding or windings of said primary circuit
with said first and second jumper strap spaced from each other; a first tubular insulator between
said first and third tubes; a second tubular insulator between said second and fourth tubes; and a

center tap connector joining said conductive assembly to a second end of one of said first and

second tubes to form said tubes into a series circuit.

11. A power source as defined in claim 10wherein said second end of one of said first

and second tubes and one end of one of said third and fourth tubes are connected to a rectifier.
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12. A power source as defined 1n claim 10 icluding an insulator between said jumper

straps.

13. A power source as defined in claim 3 including a conductive assembly comprnising
a third conductive tube with first and second ends, a fourth conductive tube with first and second
ends and a second jumper strap joining said first ends of said third and fourth tubes into a parallel
relationship to each other and to said first and second tubes; said third and fourth parallel tubes
being telescoped into said passages of said first and second tubes, respectively, and having
elongated passages for accommodating said primary winding or windings of said primary circuit
with said first and second jumper strap spaced from each other; a first tubular insulétor between
said first and third tubes; a second tubular insulator between said second and fourth tubes; and a
center tap connector joining said conductive assembly to a second end of one of said first and

second tubes to form said tubes into a series circuit.

14. A power source as defined in claim 13 wherein said second end of one of said first

and second tubes and one end of one of said third and fourth fubes are connected to a rectifier.

15. A power source as defined in claim 13 including an insulator between said jumper

straps.

16. A power source as defined in claim 6 wherein said jumper strap 1s a center tap.
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17. A power source as defined in claim 5 wherein said jumper strap 1s a center tap.
18. A power source as defined 1n claim 4 wherein said jumper strap is a center tap.
19. A power source as defined in claim 3 wherem said yumper strap 1s a center tap.

20. A power source as deﬁned in claim 2 wherein each of said modules comprises a
first coaxial set of concentric, telescoped conductive tubes separated by a tubular insulator; a
second coaxial set of concentric, telescoped conductive tubes separated by a tubular insulator; a
magnetic core around each of said sets, said sets each having an elongated central passage for
accommodating at least one primary winding of said primary circuit, and conductor connecting

said tubes of said sets mto a series circuit.

21. A power source as defined in claim 2 wherein said high switching speed inverter

is operated at a frequency of over 20 kHz.

22. A power source as defined in claim 1 wherein said high switching speed mverter

1S operafed at a frequency of over 20 kHz.
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23. A power source as defined in claim 2 including a three phase input power supply

with a voltage over about 400 VAC.

24. A power source as defined in claim 1 including a three phase input power supply

with a voltage over about 400 VAC.

25. A power source as defined in claim 24 including a power factor correcting circuit

between said input power supply and said imverter.

26. A power source as defined in claim 25 wherem said power factor correcting

circuit 1s a passive circuit.

27. A power source as defined in claim 23 including a power factor correcting circuit

between said input power supply and said inverter.

28. A power source as defined in claim 27 wherein said power factor correcting

circuit 1s a passive circuit.

29. A power source as defined 1n claim 28 wherein said inverter 1s controlled by a

pulse width modulator.
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30. A power source as defined in claim 29 wherein said pulse width modulator

controls the phase shift of said inverter.

31. A power source as defined in claim 30 wherein said pulse width modulator 1s

driven by a waveform generator.

32. A power source as defined in claim 29 wherein said pulse width modulator 1s

driven by a waveform generator.

33. A power source as defined in claim 27 wherein said inverter 1s controlled by a

pulse width modulator driven by a waveform generator.

34. A power source as defined in claim 33 wherein said pulse width modulator

controls the phase shift of said mverter.

35. A power source as defined in claim 34 wherein said pulse width modulator 1s

driven by a waveiorm generator.

36. A power source as defined in claim 33 wherein said pulse width modulator 1s

driven by a waveform generator.
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37. A power source as defined in claim 26 wherein said inverter is controlled by a

pulse width modulator.

38. A power source as defined in claim 37 wheremn said pulse width modulator

controls the phase shift of said inverter.

39. A power source as defined in claim 38 wherein said pulse width modulator 1s

driven by a waveforin generator.

40. A power source as defined in claim 37 wherein said pulse width modulator 1s

driven by a waveform generator.

41. A power source as defined in claim 25 wherein said inverter is controlled by a
pulse width modulator.
42. A power source as defined in claim 41 wherein said pulse width modulator

controls the phase shift of said inverter.

43. A power source as defined in claim 42 wherein said pulse width modulator is

driven by a waveform generator.
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44. A power source as defined 1in claim 41 wherein said pulse width modulator 1s

driven by a waveform generator.

45. A power source as defined in claim 24 wherein said inverter is controlled by a

pulse width modulator.

46. A power source as defined in claim 45 wherein said pulse width modulator

controls the phase shift of said inverter.

47. A power source as defined in claim 46 wherein said pulse width modulator 1s

driven by a waveform generator.

48. A power source as defined in claim 45 wherein said pulse width modulator 1s

driven by a waveform generator.

49. A power source as defined in claim 23 wherein said mverter is controlled by a

pulse width modulator.

50. A power source as defined in claim 49 wherein said pulse width modulator

controls the phase shift of said inverter.
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51. A power source as defined in claim 50 wherein said pulse width modulator is
driven by a waveform generator.

52. A power source as defined in claim 49 wherein said pulse width modulator is
driven by a waveform generator.

53. A power source as defined 1n claim 22 wherein said inverter 1s controlled by a
pulse width modulator.

54. A power source as defined in claim 53 wherein said pulse width modulator

controls the phase shift of said inverter.

55. A power source as defined in claim 54 wherein said pulse width modulator 1s

driven by a waveform generator.

56. A power source as defined 1n claim 53 wherein said pulse width modulator 1s

driven by a waveform generator.

57. A power source as defined in claim 21 wherein said inverter is controlled by a

pulse width modulator.
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58. A power source as defined in claim 57 wherein said pulse width modulator

controls the phase shift of said inverter.

59. A power source as defined in claim 58 wherein said pulse width modulator 1s

driven by a waveform generator.

60. A power source as defined in clatm 57 wherein said pulse width modulator is

driven by a waveform generator.

61. A power source as defined in claim 2 wherein said inverter 1s controlled by a

pulse width modulator.

62. A power source as defined 1n claim 61 wherein said pulse width modulator

controls the phase shift of said inverter.

63. A power source as defined 1n claim 62 wherein said pulse width modulator is

driven by a waveform generator.

64. A power source as defined 1 claim 61 wherein said pulse width modulator is

driven by a waveform generator.
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65. A power source as defined in claim 1 wherein said inverter is controlled by a

pulse width modulator.

66. A power source as defined 1n claim 65 wherein said pulse width modulator

controls the phase shift of said inverter.

67. A power source as defined in claim 66 wherein said pulse width modulator is

dniven by a waveform generator.

68. A power source as defined in claim 65 wherein said pulse width modulator 1s

driven by a waveform generator.

69. A power source as defined in claim 65 wherem said DC voltage is directed to a

polanty switch operated in DC mode and/or AC mode.

70. A power source as defined in claim 61 wherein said DC voltage is directed to a

polarity switch operated in DC mode and/or AC mode.

71. A power source as defined in claim 57 wherein said DC voltage is directed to a

polarity switch operated in DC mode and/or AC mode.
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72. A power source as defined in claim 53 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

73. A power source as defined in claim 49 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

74. A power source as defined in claim 45 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

75. A power source as defined in claim 41 wherein said DC voltage 1s directed to a

polarity switch operated in DC mode and/or AC mode.

76. A power source as defined in claim 37 wherein said DC voltage 1s directed to a

polarity switch operated in DC mode and/or AC mode.

77. A power source as defined in claim 33 wherein said DC voltage is directed to a

polarity switch operated in DC mode and/or AC mode.

78. A power source as defined in claim 29 wherein said DC voltage 1s directed to a

polarity switch operated in DC mode and/or AC mode.

_ 135 -



CA 02488314 2004-11-23

LEEE 200448

79. A power source as defined in claim 28 wherein said DC voltage is directed to a
polarity switch operated in DC mode and/or AC mode.

80. A power source as defined in claim 27 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

81. A power source as defined in claim 26 wherein said DC voltage is directed to a
polarity switch operated in DC mode and/or AC mode.

82. A power source as defined in claim 25 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

83. A power source as defined in claim 24 wherein said DC voltage 1s directed to a

polarity switch operated in DC mode and/or AC mode.

84. A power source as defined in claim 23 wherein said DC voltage is directed to a

polarity switch operated in DC mode and/or AC mode.

85. A power source as defined in claim 22 wherein said DC voltage 1s directed to a

polanty switch operated in DC mode and/or AC mode.
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86. A power source as defined in claim 21 wheremn said DC voltage is directed to a
polarity switch operated in DC mode and/or AC mode.

87. A power source as defined in claim 2 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

88. A power source as defined in claim 1 wherein said DC voltage 1s directed to a
polarity switch operated in DC mode and/or AC mode.

89. A power source as defined in claim 88 wherein said power source 1s connected to

a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.

90. A power source as defined in claim 87 wherein said power source 1s connected to
a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.

91. A power source as defined in claim 65 wherein said power source 1s connected to
a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.
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92. A power source as defined in claim 61 wherein said power source 1s connected to
a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.

93. A power source as defined in claim 24 wherein said power source 1s connected to
a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.

94. A power source as defined in claim 22 wherein said power source is connected to
a submerged arc electrode and a traveling device to move said electrode relative to the workpiece

being welded.

95. A power source as defined in claim 88 wherein said polarity switch includes a
circuit to create a polarity reversal signal when there is to be a polarity reversal during AC
welding, connecting said polarity reversal signal to said inverter and a circuit to reduce the

primary current of said transformer in response to said polarity reversal signal.

96. A power source as defined in claim 87 wherein said polarty switch includes a
circuit to create a polarity reversal signal when there is to be a polarity reversal during AC
welding, connecting said polarity reversal signal to said inverter and a circuit to reduce the

primary current of said transformer 1n response to said polarity reversal signal.
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97. A method of submerged arc welding along a path on a workpiece, said method
comprising:

(a) rectifying a three phase power supply having a voltage over 400 VAC to obtain a
DC signal;

(b)  power factor correcting said DC signal into a DC bus with a voltage level greater
- than 400 VDC;

(¢) inverting said DC bus into an AC signal with a maximum current level over 250
amperes by high speed switching of said DC bus;

(d)  transforming said AC signal into a welding current with a maximum current level
greater than 700-amperes;

(e) connecting said welding current to a submerged arc electrode spaced from said
workpiece; and,

() moving said electrode relative to said workpiece and along said path.

98. A method as defined in claim 97 wherein said weld current 1s selectable between
J

DC and AC current.

09, A method as defined in claim 97 wherein said weld current 1s AC current with

alternating polanty reversals of said welding current.
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100. A method as defined in claim 99 including the act of reducing said current level of

said mverting act prior to a polanty reversal.

101. A method as defined in claim 97 wherein said electrode has a diameter of at least

0.090 mches.

102. A method of welding along a path, said method comprising:

(a) rectifying a three pilase power supply having a voltage over 400 VAC to obtain a
DC signal,

(b) power factor correcting said DC signal into a DC bus with a voltage level greater

than 400 VDC(C;

(c) inverting said DC bus into an AC signal with a maximum current level over 250
amperes by high speed switching of said DC bus;

(d) transforming said AC signal into a welding current with a maximum current level
greater than 700 amperes;

(e) connecting said welding current to an electrode with a diameter greater than 0.090
inches; and,

() moving said electrode along said path.

103. A method as defined in claim 102 wherein said weld current is selectable between

DC and AC cuwrent.
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104. A method as defined in claim 102 wherein said weld current 1s AC current with

alternating polarity reversals of said welding current.

105. A method as defined in claim 104 including the act of reducing said current level

of said inverting act prior to a polarity reversal.

106. A method as defined in claim 102 wherein said electrode has a diameter of at least

0.090 mches.

107. A method as defined in claim 102 wherein said transforming is by a transformer

with at least three secondary windings connected 1n parallel.

108. A method as defined in claim 107 wherein said transforming 1s by a transformer
with a first primary for current in one polarity and a second primary for current in the opposite

polarity.

109. A method as defined in claim 102 wherein said transforming 1s by a transformer
with a first primary for current in one polarity and a second primary for current in the opposite

—

polarty.
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110. A method as defined in claim 109 wherein the current in said primartes 1s

determined by duty cycle of a pair of switches on opposite ends of said primaries.

111. A method as defined in claim 108 wherein the current in said primaries 1s

determined by duty cycle of a pair of switches on opposite ends of said primaries.
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