wO 2008/0:51820 A2 |00 00 000 O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O A O

International Bureau

(43) International Publication Date
2 May 2008 (02.05.2008)

(10) International Publication Number

WO 2008/051820 A2

(51) International Patent Classification:
HO2M 7/48 (2007.01)

(21) International Application Number:
PCT/US2007/081887

(22) International Filing Date: 19 October 2007 (19.10.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/862,232 20 October 2006 (20.10.2006) US

(71) Applicant (for all designated States except
SWAGELOK COMPANY [US/US];
Road, Solon, OH 44139 (US).

Us):
29500 Solon

(72) Inventors; and

(75) Inventors/Applicants (for US only): SILK, Kevin, C.
[US/US]; 2345 Harvester Drive, Stow, OH 44224 (US).
ALES, Richard, A. [US/US]; 32010 Sedgefield Oval,
Solon, OH 44139 (US). PONIKVAR, William [US/US];
483 Lynnview Drive, Sagamore Hills, OH 44067 (US).

(74) Agent: LEWIS, Leonard, L.; Calfee, Halter & Griswold
LLP, 1400 Keybank Center, 800 Superior Avenue, Cleve-
land, OH 44114 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: DC ARC START WITH UNIVERSAL INPUT

(57) Abstract: A DC arc start function for a welder. The arc start function is realized using a universal input DC regulator coupled
to a DC to DC converter that produces a regulated DC voltage that is sufficient to strike an arc at an electrode of the welder.



WO 2008/051820 PCT/US2007/081887

DC ARC START WITH UNIVERSAL INPUT
Related Applications

[0001] The present application claims the benefit of pending United States provisional
application serial number 60/862,232 filed on October 20, 2006, for DC ARC START WITH
UNIVERSAL INPUT, the entire disclosure of which is fully incorporated herein by reference.

Background

[0002] In arc welding, such as for example an orbital welder, a welder power supply is
used that produces a low voltage high current power source to maintain a stable arc. The arc is
initiated or struck by a high voltage breakdown across the gap between the electrode and the
workpiece. Once the arc is struck, the voltage across the gap is much lower than the breakdown
voltage and the current increases substantially. An arc start circuit may be used to strike the arc,
and then the welder power supply is used during the welding operation.

[0003] Arc start circuits are generally either AC or DC. The present disclosure is
directed to a DC arc start circuit. Known DC arc start circuits are designed for particular input
voltage specifications. If the input voltage changes, a new model power supply with the
appropriate input range must be selected to operate using the new input voltage, otherwise an
incorrect output voltage is produced, or in some cases the DC arc start circuit can only work with
a single input voltage.

Summary

[0004] In accordance with one inventive aspect of the disclosure, a DC arc start circuit is
contemplated that is autoranging. As used in this disclosure, autoranging refers to a circuit
performance that produces a stable and repeatable output over a wide range of input voltage.
The arc start circuit operates effectively as a universal input power supply. In one embodiment,

a DC arc start circuit includes an autoranging or universal input DC power supply that converts
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an AC or DC input source to a first DC voltage. The DC arc start circuit further includes a DC to
DC converter that receives the first DC voltage and increases it to a second DC voltage of a
value that is sufficient to reliably start or strike an arc. Other inventive aspects of the disclosure
include a welding system that uses an autoranging DC arc start circuit, as well as methods for
producing an arc start voltage with a universal input supply.

[0005] These and other aspects and advantages of the disclosure and inventions herein
will be readily understood and appreciated from a reading of the following detailed description in
view of the accompanying drawings.

Brief Description of the Drawings

[0006] Fig. 1 is a simplified functional block diagram of a welding system incorporating
the present disclosure;

[0007] Fig. 2 is a more detailed functional block diagram of a DC arc start circuit used in
a welding system; and

[0008] Fig. 3 is an electrical schematic of a DC arc start circuit embodiment.

Detailed Description of Exemplary Embodiments

[0009] With reference to Fig. 1, a welding system 10 is schematically represented, and in
this exemplary embodiment includes a weld head 12 having an electrode 14. The inventive
aspects that are part of this disclosure may be used with many kinds of weld heads or welding
devices, for example, a weld head SWS-5H-C available from Swagelok Company, Cleveland,
Ohio. The weld head 12 may be manual or automatic and typically includes or is associated with
a fixture (not shown) that holds or positions a workpiece W near the electrode 14 for a welding
operation. For example, an orbital welder may include a weld head that holds the electrode (and
motor to rotate the electrode) and interfaces with a fixture or holder that supports two tube ends.
The tube ends are typically clamped in end to end abutting engagement with the abutting ends
proximate the electrode 14 for welding. But the present inventions are not limited to any
particular welder power supply, welding system or welding technology or workpiece
characteristics.

[0010] While various inventive aspects, concepts and features of the inventions may be
described and illustrated herein as embodied in combination in the exemplary embodiments,
these various aspects, concepts and features may be used in many alternative embodiments,

either individually or in various combinations and sub-combinations thereof. Unless expressly
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excluded herein all such combinations and sub-combinations are intended to be within the scope
of the present inventions. Still further, while various alternative embodiments as to the various
aspects, concepts and features of the inventions--such as alternative materials, structures,
configurations, methods, circuits, devices and components, software, hardware, control logic,
alternatives as to form, fit and function, and so on--may be described herein, such descriptions
are not intended to be a complete or exhaustive list of available alternative embodiments,
whether presently known or later developed. Those skilled in the art may readily adopt one or
more of the inventive aspects, concepts or features into additional embodiments and uses within
the scope of the present inventions even if such embodiments are not expressly disclosed herein.
Additionally, even though some features, concepts or aspects of the inventions may be described
herein as being a preferred arrangement or method, such description is not intended to suggest
that such feature is required or necessary unless expressly so stated. Still further, exemplary or
representative values and ranges may be included to assist in understanding the present
disclosure; however, such values and ranges are not to be construed in a limiting sense and are
intended to be critical values or ranges only if so expressly stated. Moreover, while various
aspects, features and concepts may be expressly identified herein as being inventive or forming
part of an invention, such identification is not intended to be exclusive, but rather there may be
inventive aspects, concepts and features that are fully described herein without being expressly
identified as such or as part of a specific invention, the scope of the inventions instead being set
forth in the appended claims or the claims of related or continuing applications. Descriptions of
exemplary methods or processes are not limited to inclusion of all steps as being required in all
cases, nor is the order that the steps are presented to be construed as required or necessary unless

expressly so stated.

[0011] The welding system 10 further includes a welder power supply 16, for example,
model SWS-M100-1-1 available from Swagelok Company, Cleveland, Ohio. The power supply
16 provides the appropriate voltage and current profiles to carry out each welding operation. The
welder power supply 16 typically provides the power needed after the weld arc is struck. The
welding system 10 also includes an arc start circuit 18. The arc start circuit 18 is represented as
physically embodied separate from the welder power supply 16, but in practice may be
incorporated therewith, and all may be incorporated with the control 20. The control 20 carries

out overall control of a welding operating including control of the arc start circuit 18, the power
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supply 16, drive motor of the weld head, purge control and so on. An exemplary control 20 may
be model M100 available from Swagelok Company, Cleveland, Ohio. Functionally, the arc start
circuit 18 provides high voltage, low current power, such as a pulse, that breaks down or ionizes
the gap G between the electrode 14 and the workpiece W. Once the arc is struck, the arc start
circuit 18 may be disabled or otherwise functionally removed from the system operation, and the
power supply 16 may be used to provide low voltage, high current power to maintain the arc
during a welding operation. Thus electrically, the arc start circuit 18 and the power supply 16
may be in parallel across the gap G.

[0012] A general power source 22, such as commercial AC wall power, may be used to
power the arc start circuit 18 and the power supply 16. Some welding systems 10 may include a
portable supply or generator for the source 22. Thus the supply 22 may be conventional 110
VAC, 220 VAC or other power input sufficient to power the system 10. The system 10 may also
operate from a DC source. In particular, the DC arc start circuit 18 may alternatively operate
from a DC source 22.

[0013] In accordance with one inventive aspect, a DC arc start circuit 18 is provided that
is autoranging or in other words operates with a universal input, meaning that the circuit 18 may
be plugged into or connected to any source 22 that has enough power for the system 10, whether
the source 22 is 110 VAC, 220 VAC, or other voltage. The input range is only limited by the
specification of the autoranging AC to DC voltage regulator (Fig. 2), but typically will be able to
accept standard wall power and power from most portable generators, and power supplied from
different regions that may have varying specifications. In other words, universal input may also
be thought of in terms of an unregulated wide range on the input to the arc start circuit 18, with
the input being comparatively unregulated (although provided within a broad specification)
relative to a regulator output as described below. Thus, by unregulated we mean that the input
voltage (such as from a wall supply) can only be known within a fairly broad range, and the
actual value can change from outlet to outlet, region to region and so on. In contrast, the DC arc
start circuit in accordance with the present disclosure will produce a repeatable regulated output
DC voltage to strike an arc regardless of such unregulated input.

[0014] With reference to Fig. 2, an exemplary embodiment of the system 10 is illustrated.
In this embodiment, the autoranging DC arc start circuit 18 may be realized using an autoranging

or universal input DC regulator 30. An exemplary circuit is an LPQ170 Series, available from
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ASTEC, Carlsbad, California. The circuit 18 may alternatively be realized with other
commercial autorange regulators or a custom designed circuit. The exemplary ASTEC circuit
accepts a comparatively unregulated input voltage range of 85-264 VAC and 47-63 Hz or 120-
300 VDC and produces a highly regulated DC output 32. The output voltage 32 (V1) is selected
based on the input voltage V1 needed to a DC to DC converter 34 to produce the desired high
voltage (V2) output 36 to reliably and repeatedly strike an arc across the gap G. In the
exemplary embodiment, the voltage V1 may be 12 VDC and the voltage V2 may be, for
example, about 1800 VDC but this value will depend on the type of electrode, purge gas, gap
distance, workpiece material and so on. For the exemplary regulator 30, for example, the output
voltage may typically be regulated to within 5% of nominal.

[0015] The converter 34 may be realized for example using a DC to HVDC (high voltage
DC) converter, G series available from EMCO High Voltage Corporation, Sutter Creek,
California. The converter 34 may alternatively be realized using other DC to DC converters that
are commercially available or a custom circuit if required. The EMCO G30 converter 34
produces a stable DC output 36 (V2) in response to the DC input V1. Thus, the combination of a
universal output DC regulator 30 with a DC to DC converter 34 may be used to provide a
reliable and repeatable DC voltage V2 to strike an arc, with a universal input or autoranging
function.

[0016] As shown in Fig. 2, the welder power supply 16 may be conventional in design,
such as including an inverter 40, or a custom circuit may be used. A diode capacitor circuit 42
may be used, as is known, to provide a sustaining voltage and current for the arc after the arc has
been struck and before the main power supply 16 takes over to supply low voltage high current
for the arc during a welding operation. Power lines 44 connect the source 22 to the arc start
circuit 18 and power lines 46 connect the source 22 to the power supply 16.

[0017] The arc start circuit 18 may further include a switch or control function 48. This
switch may be for example a solid state switch, a relay or other suitable control device. The
control function 48 may be actuated by the control system 20, and in an alternative embodiment
may be incorporated into the control circuit 20. When the switch is closed or activated, the DC
arc start circuit is complete and the output voltage V2 is impressed across the gap G. As soon as
the arc is struck the switch 48 may be opened so as to provide welding current from the power

supply 16 and to disable or disconnect the arc start circuit 18. A diode 50 or other suitable
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isolation device may be used to protect the power supply 16 from the high DC voltage output of
the arc start circuit. The configuration of the circuit of Figs. 1 and 2 may be varied as needed.
For example, in another embodiment, the universal input regulator 30 may be part of the control
circuit 20, with the AC input 22 being coupled to the control circuit 20, so that the control circuit
20 outputs a lower voltage DC signal 32 that is input to the DC to DC converter 34. Many other
configurations may be used.

[0018] Fig. 3 illustrates and exemplary schematic diagram of a DC arc start circuit in
accordance with the disclosure herein, with various components that correspond to the elements

of Figs. 1 and 2 indicated with like reference numerals.
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We claim:
1. A DC arc start circuit, comprising:
a universal input DC regulator that produces a DC output voltage V1,
a DC to DC converter that produces a DC output voltage V2 in response to an input that

receives said voltage V1.

2. The circuit of claim 1 comprising a power source connectable to an input of said DC

regulator, said source producing a voltage in the range of about 85-264 VAC or 120-300 VDC.

3. The circuit of claim 1 wherein said output voltage V2 is coupled to a welder electrode

and strikes an arc at said electrode.

4. The circuit of claim 3 wherein said welder electrode comprises an orbital welder

electrode.

5. The circuit of claim 1 wherein said voltage V2 is about 1800 VDC.

6. The circuit of claim 1 comprising a power source coupled to an input of said DC
regulator.

7. The circuit of claim 6 wherein said power source comprises commercial wall power.

8. The circuit of claim 6 wherein said power source comprises an output from a portable AC
generator.

9. A welding system, comprising:

a weld head having an electrode,
a power supply for sourcing current to the electrode during a welding operation,

a universal input DC arc start circuit for producing an arc start voltage to the electrode.
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10.  The system of claim 9 wherein said power supply is connectable to an input of a DC
regulator, said power supply producing said universal input in the range of about 85-264 VAC or
120-300 VDC.

11.  The system of claim 9 wherein said electrode comprises an orbital welder electrode.
12. The system of claim 9 wherein said power supply comprises commercial wall power.
13. The system of claim 9 wherein said power supply comprises an output from a portable

AC generator.

14.  The system of claim 9 wherein said DC arc start circuit comprises a universal input DC

regulator and a DC to DC converter that produces an output sufficient to strike an arc.

15. A method for producing a DC arc start voltage, the method comprising:
receiving an input voltage from a source within a wide input range,
producing a first regulated DC voltage V1 in response to said input voltage,
producing a second regulated DC voltage V2 in response to said voltage V1, said second

voltage V2 being sufficient to strike an arc in a welding system when used therewith.

16. The method of claim 15 wherein said wide input range is about 85-264 VAC or 120-300
VDC.

17.  The method of claim 15 wherein said voltage V1 is much less than said voltage V2.

18. A method for producing a DC arc start voltage, the method comprising:
receiving an unregulated input from a supply, and
producing a regulated DC voltage in response to said unregulated input, said regulated

DC voltage being used to strike an arc in a welding system.
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19. The method of claim 18 comprising the step of converting said unregulated input into a

regulated DC voltage V1.

20.  The method of claim 19 comprising the step of converting said regulated DC voltage V1

into said regulated DC voltage that is sufficient to strike an arc.

21. The method of claim 18 wherein said unregulated input is about 85-264 VAC or 120-300
VDC.
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