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(57) Abstract: Methods and systems for using near field communication (NFC) protocol and logic to calibrate welding operations
and systems are described. Further, methods and systems for using NFC logic and tags are described for networking, calibrating and
linking components that comprise welding systems. More particularly, the invention provides a welding system (200) comprising a
welder (202), a wire feeder (230), a welding torch (240), a first NFC tag (206) attached to the welder (202) that generates a first sig-
nal indicative of calibration data for the welder (202); a second NFC tag (236) attached to the wire feeder (230) that generates a
second signal indicative of calibration data for the wire feeder (230); and a third NFC tag (248) attached to the welding torch (240)
that generates a third signal indicative of calibration data for the welding torch (240).
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SYSTEMS AND METHODS FOR NETWORKING, CONFIGURATION, CALIBRATION AND IDEN-
TIFICATION OF WELDING EQUIPMENT

FIELD

[0001] The general inventive concepts relate, among other things, to electric arc welding and,
more particularly, to systems and methods for networking, configuring, calibrating and identifying
welding-related equipment. Still more particularly, the invention provides a welding system; a
method of calibrating the components of a welding system and a method of assigning welding de-

vices addresses on a network according to the preambile of claim 1, 8 and 12 respectively.

PRIORITY CLAIM
[0002] This application claims the benefit of and priority to three U.S. Provisional Patent Appli-
cations, Nos. 61/795,000, 61/798,192 and 61/798,915, which were all filed on March 15, 2013.

These three provisional applications are hereby incorporated by reference in full in this application.
INCORPORATION BY REFERENCE

[0003] The following documents may be beneficial to a more thorough understanding and ap-
preciation of the general inventive concepts set forth herein: U.S. Pat. Nos. 5,278,390 to
Blankenship; 5,500,512 to Goldblatt; 5,553,810 to Bobeczko; 5,708,253 to Bloch et al.; 5,862,071 to
Scholder; 6,536,660 to Blankenship et al.; and 6,858,817 to Blankenship et al.; the article entitled
What Every Engineer Should Know about Welding Procedures, D. K. Miller (1997) (attached hereto
as Appendix 1); and the publication entitled, Digital Communications Technology (Lincoln Electric
2006) (attached hereto as Appendix 2). Accordingly, each of these documents is hereby incorpo-

rated herein by reference in its entirety.
BACKGROUND

[0004] Near field communication, abbreviated NFC, is a known form of contactless communica-
tion between devices like smartphones or tablets. NFC encompasses a set of standards for such

devices, which are often handheld or otherwise mobile, to establish radio communication with each
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other by touching them together or bringing them into close proximity, usually no more than a few
centimeters. NFC peer-to-peer communication is possible provided both devices are powered.
Communication is also possible between an NFC device and an unpowered NFC chip, often called a

“passive tag" or simply a “tag.”

[0005] NFC is a short-range, low-power communications protocol between two devices. An
initiator device uses magnetic induction to create a radio-wave field that a target device can detect
and access, allowing small amounts of data to be transferred wirelessly over a relatively short dis-
tance (e.g., less than 10 cm). More specifically, by using magnetic induction, the initiator device
emits a small electric current, which creates a magnetic field that in turn bridges the physical space
between the initiator device and the target device. The field is received by a similar coil in the target
device, where it is turned back into electrical impuises to communicate data such as status informa-
tion or any other informétion. So-called “passive” NFC tags use the energy from the initiator device
to encode and provide their response, while “active” or “peer-to-peer” tags have their own power
source and respond to the initiator device using their own electromagnetic fields. Thus, NFC trans-
missions typically encompass two modes. In a passive communication mode, the initiator device
provides a carrier field and the target device answers by modulating the existing field. In this mode,
the target device may draw its operating power from the initiator-provided electromagnetic field, thus
making the target device a transponder. This transponder target device does not require a power

supply to provide its signal to the active device when energized by the active device.

{0006] In an active communication mode, both the initiator device and the target device com-
municate by aiternately generating their own fields. A device deactivates its radio frequency (RF)

field while it is waiting for data. In this mode, both devices typically have power supplies.

{0007} NFC devices may be able to receive and transmit data at the same time. Accordingly,
the devices can check for potential collisions, if the received signal frequency does not match with

the transmitted signal's frequency.

[0008] NFC operates within the globally available and unlicensed radio frequency |SM band of

13.566 MHz. Most of the RF energy is concentrated in the allowed +7 kHz bandwidth range, but the
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full spectral envelope may be as wide as 1.8 MHz when using ASK modulation. The working dis-
tance with compact standard antennas may extend up to 20 cm, but the practical working distance is

smaller.

{0009] NFC transmissions are generally secure due to their short range and support for encryp-
tion. Applications will often use higher-layer cryptographic protocols (e.g., SSL) to establish a se-
cure channel. Because loss of an NFC device may present a security issue, such devices are typi-

cally protected by additional security, such as an authentication code.

[0010] The NFC standards cover communications protocols and data exchange formats, which
offer a secure connection with relatively simple setup, and can be used to bootstrap more capable

wireless connections, such as Bluetooth and Wi-Fi connections.

[0011] Application of NFC transmissions and related communications to welding systems and

methods are contemplated by the general inventive concepts, as shown and described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is a schematic drawing of a MIG welding system.

[0013] Figure 2 is an embodiment of a welding system incorporating NFC logic and NFC capa-

ble devices.

[6014] Figures 3A and 3B are schematic drawings of passive and active NFC devices or tags,
respectively.

[0015] Figure 4 is a schematic drawing of a power source including an NFC tag.

[0016] Figure 5 is a schematic drawing of a gas source including an NFC tag.

[0017] Figure 6 is a schematic drawing of a wire source including an NFC tag.

[0018] Figure 7 is a schematic drawing of a welding torch including an NFC tag.

[0019] Figure 8 is a schematic drawing of a welder including an NFC tag.

[0020] Figure 9 is a schematic drawing of a wire feeder including an NFC tag.

[0021] Figure 10 is a schematic drawing of an operator device including active NFC logic.
[0022] Figure 11 is a logic flow chart of a process for limiting access to certain welder functions

using NFC logic.
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[0023] Figure 12 is a logic flow chart of a process for securing calibration data to welding de-

vices that comprise a welding system.

[0024] Figure 13 is a logic flow chart of a method for setting up and calibrating a welding sys-

tem using NFC devices.

[0025] Figure 14 is a logic flow chart of a method for configuring a network for a welding sys-

tem using NFC tags.
BRIEF SUMMARY

[0026] Embodiments of methods and systems for using near field communication {(NFC) protocol
and logic to calibrate welding operations and systems are described and claimed. Further, methods
and systems for using NFC logic and tags are described and claimed for networking, calibrating and
linking components that comprise welding systems. In one embodiment, the invention provides a
welding system (200) comprising: a welder (202); a wire feeder (230); a welding torch (240); a first
NFC tag (206) attached to the welder (202) that generates a first signal indicative of calibration data
for the welder (202); a second NFC tag (236) attached to the wire feeder (230) that generates a
second signal indicative of calibration data for the wire feeder (230); and a third NFC tag (248) at-
tached to the welding torch (240) that generates a third signal indicative of calibration data for the
welding torch (240). Further embodiments, features and aspects of the invention are inferable from

the ensuing description, drawings and claims.

DETAILED DESCRIPTION

[0027] While the general inventive concepts are susceptible of embodiment in many different
forms, there are shown in the drawings and will be described herein in detail specific embodiments
thereof with the understanding that the present disclosure is to be considered as merely an exempli-
fication of the principles of the general inventive concepts. Accordingly, the general inventive con-

cepts are not intended to be limited to the specific embodiments illustrated herein.

[0028] The following are definitions of various terms that may be used throughout the disclo-

sure. Both singular and plural forms of all terms fall within each meaning:

[0029] “Logic,” synonymous with “circuit” as used herein includes, but is not limited to, hard-
ware, firmware, software and/or combinations of each to perform a function(s) or an action(s). For

example, based on a desired application or particular need(s), logic may include a software con-
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trolled microprocessor, discreet logic such as an application specific integrated circuit (ASIC), or

other programmed logic device. In some instances, logic could also be fully embodied as software.

[0030] “Software” or “computer program” as used herein includes, but is not limited to, one or
more computer or machine readable and/or executable instructions that cause a computer or other
electronic device or logic to perform functions, initiate actions, and/or behave in a desired manner.
The instructions may be embodied in various forms such as routines, apps, algorithms, modules or
programs including separate applications or code from dynamically linked libraries. Software may
also be implemented in various forms such as a stand-alone program, a function call, a servlet, an
applet, instructions stored in a memory, part of an operating system or other type of executable in-
structions. It will be appreciated by one of ordinary skill in the art that the form of software is de-
pendent on, for example, the requirements of a particular application, the environment it runs on,

and/or the desires of a designer/programmer or the like.

[0031] ‘Computer” or “processing unit” as used herein includes, but is not limited to, any pro-

grammed or programmable electronic device that can store, retrieve, and process data.

[0032] Mobile application” or “mobile app” or “software application” or “application” or “app” as
used herein, includes, but is not limited to, applications that run on smart phones, tablet computers,
and other mobile or portable computing devices. The terms “mobile application” or “mobile app’f or
“software application” or “application” or “app” can be used synonymously with "software" or "com-
puter program” or “application software.” Mobile applications allow users to connect to services
which are traditionally available on the desktop or notebook platforms. Typically, these services
access the internet or intranet or cellular or wireless fidelity (Wi-Fi) networks, to access, retrieve,

transmit and share data.

[0033] A "network" as used herein, includes, but is not limited to, a collection of hardware com-
ponents and computers or machines interconnected by communication channels that allow sharing

of resources and information, including without limitation, the worldwide web or internet.
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[0034] “Operator” as used herein includes, but is not limited to, any individual actually perform-
ing a welding operation, as well as any individual supervising or otherwise responsible for a welding

operation (whether manual or automatic).

[0035] “Portable computing devices” include, but are not limited to, computing devices which
combine the powers of a conventional computer in portable environments. Exemplary portable
computing devices include portable computers, tablet computers, internet tablets, Personal Digital
Assistants (PDAs), ultra mabile PCs (UMPCs), carputers (typically installed in automobiles), wear-
able computers, and smartphones. The term “portable computing device” can be used synony-

mously with the terms “computer” or “processing unit.”

[0036] Electric arc welding is a complicated process wherein numerous interrelated and non-
interrelated parameters affect the deposition of molten metal to a weld pool in performing a welding
operation. Accordingly, many modern electric arc welders include memory or similar structure for
storing information useful for performing or otheMise controlling welding processes. The informa-
tion can include, for example, information directly related to the welding process, such as parame-
ters for controlling the welder, and/or information indirectly related to the welding process, such as
information on an operator performing the welding process or information related to a wire being
used in the welding process. Systems and methods for efficiently, reliably, and securely inputting

such information are desirable.

[0037] The general inventive concepts contemplate systems and methods which use NFC ac-
tive and/or passive devices to read, write, and/or store information within a welding system, including
amongst various components of the welding system (e.g., a power supply/controller) and operators

thereof.

[0038] Metal inert gas (MIG) welding, a subset of gas metal arc welding (GMAW), is one type
of electric arc welding. MIG welding is a welding process in which an electric arc forms between a
consumable wire electrode and workpiece metals, causing the metals, along with the wire, to melt
and join. Along with the wire electrode, a shielding gas is often fed through a welding gun or torch to

shield the process from contaminants (e.g., oxygen, nitrogen) in the air. While the various exem-



WO 2014/140771 PCT/IB2014/000357

plary embodiments set forth herein may be directed to one or more specific types of welding proc-
esses, the general inventive concepts are not intended to be limited to these specific types of weld-

ing processes and may find applicability with any suitable welding process.

[0039] A conventional MIG welding system 100 is shown in FIG. 1. In the MIG welding system
100, a welding unit (welder) 102 functions as a power supply and controller for a welding process.
The welder 102 includes a memory 104 or similar logic for storing information relating to the welding
process. For example, the information could be stored in the memory by an operator 106 manually

programming or otherwise interacting with the welder 102.

{0040] The welder 102 is connected to a power source 110 that supplies the necessary input
power 112 to operate the welder 102. The welder 102 may condition the input power 112 to pro-

duce a consistent or otherwise controlled output power 114 suitable for the welding process.

[0041] The welder 102 is also connected to a gas source 120 that supplies a shielding gas 122
for the welding process. A gas regulator may be used to regulate a pressure of the shielding gas

122 for controlled delivery to the welder 102.

[0042] The welder 102 is also connected to a wire feeder 130. The wire feeder 130 receives a
welding wire 132 from a wire source 134, such as a spool or barrel of wire; The wire feeder 130
includes a motor or the like for paying out the welding wire 132 to a welding torch 140, gun, or the
like. The wire feeder 130 may advance the welding wire 132 in response to action by the operator

106, such as the operator 106 pressing a switch on the torch 140.

[0043] In the illustrated embodiment, the output power 114 and/or the shielding gas 122 are
also fed (e.g., using cables) through the wire feeder 130 to the welding torch 140. In another em-
bodiment, the output power 114 and/or the shielding gas 122 can be fed directly from the welder 102

to the welding torch 140.

[0044] At least one workpiece 150 to be welded is also provided. The workpiece 150 is con-

nected to the welder 102 by a ground cable 152 or the like.
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[0045] A MIG welding system 200, according to one exemplary embodiment of the general
inventive concepts, is shown in FIG. 2. As described herein, one or more components of the MIG
welding system 200 are NFC-capable components. Accordingly, data can be read from and/or writ-
ten to these components resulting in a more dynamic and more connected and interactive welding

system.

[0046] In the MIG welding system 200, a welding unit (welder) 202 functions as a power supply
and controller for a welding process. The welder 202 can include a processing unit (not shown) for
implementing and/or assisting with these (and other) functions. The processing unit can be an inter-
nal component of the welder 202, or an external component which the welder 202 accesses (e.g.,

over a network),

[0047] The welder 202 also includes a memory 204 or similar logic for storing information relat-
ing to the welding process. The information can be stored in the memory at any time. For example,
the information could be stored in the memory 204 when the welder 202 is manufactured. As an-
other example, the information could be stored in the memory 204 or otherwise updated after instal-

lation of the welder 202, such as by the operator 106.

[0048] The welder 202 can include NFC logic 206 including any related logic, software, struc-
ture, and the like, such as a power supply. The NFC logic 206 renders the welder 202 capable of

sending and/or receiving NFC transmissions.

[0049] The welder 202 is connected to a power source 210 that supplies the necessary input
power 112 to operate the welder 202. The welder 202 may condition or otherwise alter the input
power 112 to produce a consistent or otherwise controlled output power 114 suitable for the welding

process.

[0050] The power source 210 can include NFC logic 216 including any related logic, software,
structure, and the like, such as a power supply. The NFC logic 216 renders the power source 210

capable of sending and/or receiving NFC transmissions.
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[0051] The welder 202 is also connected to a gas source 220 that supplies a shielding gas 122
for the welding process. A gas regulator (not shown) may be used to regulate a pressure of the

shielding gas 122 for controlled delivery to the welder 202.

[0052] The gas source 220 can include NFC logic 226 including any related logic, software,
structure, and the like, such as a power supply. The NFC logic 226 renders the gas source 220

capable of sending and/or receiving NFC transmissions.

[0053] The welder 202 is also connected to a wire feeder 230. The wire feeder 230 receives a
welding wire 132 from a wire source 234, such as a spool or barrel of wire. The wire feeder 230
includes a motor or the like for paying out the welding wire 132 to a welding torch 240, gun, or the
like. The wire feeder 230 may advance the welding wire 132 in response to action by the operator
106, such as the operator 106 pressing a switch on the welding torch 240. In an automated (e.g.,
robotic) installation, the wire feeder 230 can automatically advance the welding wire 132 in accor-

dance with a computer program or the like associated with the welding process.

[0054] The wire feeder 230 can include NFC logic 236 including any related logic, software,
structure, and the like, such as a power supply. The NFC logic 236 renders the wire feeder 230

capable of sending and/or receiving NFC transmissions.

[0055] The wire source 234 can include NFC logic 238 including any related logic, software,
structure, and the like, such as a power supply. The NFC logic 238 renders the wire source 234

capable of sending and/or receiving NFC transmissions.

[0056] The torch 240 can include NFC logic 248 including any related logic, software, structure,
and the like, such as a power supply. The NFC logic 248 renders the torch 240 capable of sending

and/or receiving NFC transmissions.

[0057] In one exemplary embodiment, the output power 114 and/or the shielding gas 122 are
also fed (e.g., using cables) through the wire feeder 230 to the welding torch 240. In one exemplary
embodiment, the output power 114 and/or the shielding gas 122 are fed directly from the welder 202

to the welding torch 240.
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[0058] At least one workpiece 150 to be welded is also provided. The workpiece 150 is con-

nected to the welder 202 by a ground cable 152 or the like.

[0059] Any other components of or related to the MIG welding system 200 can include NFC
logic including any related logic, software, structure, and the like, such as a power supply. For ex-
ample, a device 250 associated with the operator 106 can include such NFC iogic 256. In one ex-
emplary embodiment, the device 250 is portable so that it can be carried around a work site by the
operator 106. I[n one exemplary embodiment, the device 250 includes a pracessing unit that pro-
vides additional functionality, such as the ability to make phone calls, receive e-mails, take pictures,
etc. The NFC logic (e.g., the NFC logic 256) renders the component (e.g., the device 250) capable
of sending and/or receiving NFC transmissions. The device 250 can for example be a portable

computing device.

[0060] The general inventive concepts contemplate welding systems, such as the MIG welding
system 200, which include at least one NFC-enabled component. In this manner, the welding sys-
tems include at least one component for which data can be read from and/or written to, resulting in

enhanced, dynamic welding systems.

[0061] In one exemplary embodiment, the power source 210 includes passive NFC logic 402
(see FIG. 4). The NFC logic 402 can take any suitable form. in one exemplary embodiment, the
NFC logic 402 is a tag, sticker, or the like. In one exemplary embodiment, the tag is affixed to an
outer surface of the power source 210. The tag is readily visible to and accessibly by a user (e.g.,

the operator 106).

[0062] As a passive device, the tag has no dedicated power supply. Instead, the tag functions
as a target device 302 which includes NFC logic 304 and is powered by an electromagnetic field 306
generated by NFC logic 308 of an initiator device 310 (see FIG. 3A). The initiator device 310, as an
active device, includes a dedicated power supply 312 (e.g., one or more batteries). In one exem-
plary embodiment, the initiator device 310 uses read instructions 314 communicated by the field 306
to read information stored on or otherwise associated with the target device 302. The read instruc-

tions 314 may be implemented by an NFC application (not shown) running on the initiator device
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310. In one exemplary embodiment, the initiator device 310 uses write instructions 318 communi-
cated by the field 306 to write information to the target device 302. The write instructions 318 can
also be implemented or otherwise managed by the NFC application running on the initiator device

310.

[0063] The passive NFC logic 402 allows power source information 404 to be stored at or oth-
erwise associated with the power source 210. The power source information 404 can include any
information on the power source 210, such as its output power capabilities and calibration informa-
tion. The power source information 404 can be accessed by the initiator device 310 and used, for
example, to verify that the power source 210 is capable of safely (i.e., rated for) providing sufficient
output power for the welding process. If some deficiency or other issue is identified with the power
source 210, the welding process can be prevented or otherwise delayed until said deficiency is

remedied.

[0064] In one exemplary embodiment, the gas source 220 includes passive NFC logic 502 (see
FIG. 5). The NFC logic 502 can take any suitable form. In one exemplary embodiment, the NFC
logic 502 is a tag, sticker, or the like. In one exemplary embodiment, the tag is affixed to an outer
surface of the gas source 220 (e.g., one or more tanks containing the shielding gas 122). The tag is

readily visible to and accessibly by a user (e.g., the operator 106).

[0065] As a passive device, the tag has no dedicated power supply. Instead, the tag functions
asa target device 302 which includes NFC logic 304 and is powered by an electromagnetic field 306
generated by NFC logic 308 of an initiator device 310 (see FIG. 3A). The initiator device 310, as an
active device, includes a dedicated power supply 312 (e.g., one or more batteries). In one exem-
plary embodiment, the initiator device 310 uses read instructions 314 communicated by the field 306
to read information stored on or otherwise associated with the target device 302. The read instruc-
tions 314 may be implemented by an NFC application (not shown) running on the initiator device
310. In one exemplary embodiment, the initiator device 310 uses write instructions 318 communi-
cated by the field 306 to write information to the target device 302. The write instructions 318 can
also be implemented or otherwise managed by the NFC application running on the initiator device

310.



WO 2014/140771 PCT/IB2014/000357
12

[0066] The passive NFC logic 502 allows gas source information 504 to be associated with the
gas source 220. The gas source information 504 can include any information on the gas source
220, such as a composition of the shielding gas 122 provided thereby. The gas source information
504 can be accessed by the initiator device 310 and used, for example, to determine whether the
shielding gas 122 provided by the gas source 220 is proper for the particular welding process. If
some deficiency or other issue is identified with the shielding gas 122, the welding process can be

prevented or otherwise delayed until said deficiency is remedied.

[0067] In one exemplary embodiment, the wire source 234 includes passive NFC logic 602
(see FIG. 6). The NFC logic 602 can take any suitable form. In one exemplary embodiment, the
NFC logic 602 is a tag, sticker, or the like. In one exemplary embodiment, the tag is affixed to an
outer surface of the wire source 234 (e.g., a spool containing the welding wire 132). The tag is read-

ily visible to and accessibly by a user (e.g., the operator 106).

[0068] As a passive device, the tag has no dedicated power supply. Instead, the tag functions
as a target device 302 which includes NFC logic 304 and is powered by an electromagnetic field 306
generated by NFC logic 308 of an initiator device 310 (see FIG. 3A). The initiator device 310, as an
active device, includes a dedicated power supply 312 (e.g., one or more batteries). In one exem-
plary embodiment, the initiator device 310 uses read instructions 314 communicated by the field 306
to read information stored on or otherwise associated with the target device 302. The read instruc-
tions 314 may be implemented by an NFC application (not shown) running on the initiator device
310. In one exemplary embodiment, the initiator device 310 uses write instructions 318 communi-
cated by the field 306 to write information to the target device 302. The write instructions 318 can
also be implemented or otherwise managed by the NFC application. running on the initiator device

310.

[0069] The passive NFC logic 602 allows welding wire information 604 to be associated with
the wire source 234. The welding wire information 604 can include any information on the wire
source 234, such as a composition and/or size (e.g., diameter) of the welding wire 132 provided
thereby. The welding wire information 604 can be accessed by the initiator device 310 and used, for

example, to determine whether the welding wire 132 provided by the wire source 234 is suitable for
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the particular welding process. If some deficiency or other issue is identified with the welding wire

132, the welding process can be prevented or otherwise delayed until said deficiency is remedied.

[0070] In one exemplary embodiment, the welding torch 240 includes passive NFC logic 702
(see FIG. 7). The NFC logic 702 can take any suitable form. In one exemplary embodiment, the
NFC logic 702 is a tag, sticker, or the like. In one exemplary embodiment, the tag is affixed to an
outer surface of the welding torch 240 (e.g., on in proximity to a handle 246 of the welding torch
240). The tag may be protected from the harsh welding conditions encountered near the welding
torch 240 in any suitable manner. For example, the tag can be made from or otherwise surrounded
by a heat resistant material to compensate for the harsh welding conditions. As another example,
the tag can be disposed behind a removable panel or the like of the welding torch 240 in order to
shield the tag from the harsh welding conditions. The tag is readily visible to and accessibly by a

user (e.g., the operator 106).

[0071] As a passive device, the tag has no dedicated power supply. Instead, the tag functions
as a target device 302 which includes NFC logic 304 and is powered by an electromagnetic field 306
generated by NFC logic 308 of an initiator device 310 (see FIG. 3A). The initiator device 310, as an
active device, includes a dedicated power supply 312 (e.g., one or more batteries). In one exem-
plary embodiment, the initiator device 310 uses read instructions 314 communicated by the field 306
to read information stored on or otherwise associated with the target device 302. The read instruc-
tions 314 may be implemented by an NFC application (not shown) running on the initiator device
310. In one exemplary embodiment, the initiator device 310 uses write instructions 318 communi-
cated by the field 306 to write information to the target device 302. The write instructions 318 éan
also be implemented or otherwise managed by the NFC application running on the initiator device

310.

[0072] The passive NFC logic 702 allows torch information 704 to be associated with the weld-
ing torch 240. The torch information 704 can include any information on the welding torch 240, such
as a maintenance history of the welding torch 240. The torch information 704 can be accessed by
the initiator device 310 and used, for example, to determine whether the welding torch 240 is in a

satisfactory condition for performing the particular welding process. If some deficiency or other is-
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sue is identified with the welding torch 240, the welding process can be prevented or otherwise de-

layed until said deficiency is remedied.

[0073] In one exemplary embodiment, the welder 202 includes active NFC logic 802 (see FIG.
8). The NFC logic 802 can take any suitable form. In one exemplary embodiment, the NFC logic
802 is a tag, sticker, or the like. In one exemplary embodiment, the tag is affixed to an outer surface
of the welder 202 (e.g., a frame of the welder 202). The tag is readily visible to and accessibly by a

user (e.g., the operator 106).

[0074] As an active device, the tag has a dedicated power supply 804 (e.g., one or more batter-
ies) which powers its NFC logic 802. In this manner, the tag can function as both an initiator device,

such as the initiator device 310, and an active target device 330 (see FIG. 3B).

[0075] The target device 330 has its own power supply 332. The target device 330 further
includes NFC logic 334 which can generate an electromagnetic field 336 similar to the electromag-
netic field 306 generated by the initiator device 310. In this manner, the target device 330 and the
initiator device 310 can engage in peer-to-peer communications with one another. Otherwise, when
the target device 330 acts as strictly as a target device, it functions in a manner similar to the target

device 302 shown in FIG. 3A.

[0076] Conversely, when the target device 330 acts as an initiator device or a combination
initiator-target device, it functions in @ manner similar to the initiator device 310 shown in FIG. 3A.
For example, the target device 330 uses read instructions 314 communicated by its field 336 to read
information stored on or otherwise associated with the other device (e.g., the initiator device 310).
The read instructions 314 may be implemented by an NFC application (not shown) running on the
target device 330. In one exemplary embodiment, the target device 330 uses write instructions 318
communicated by its field 336 to write information to the other device. The write instructions 318
can also be implemented or otherwise managed by the NFC application running on the target device

330.

[0077] When the target device 330 acts as the initiator device 310, the welder 202 can use the

NFC logic 802 to read data from and/or write data to another component of the MIG welding system
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200 (as a target device). When the target device 330 acts as the target device 302, the welder 202
can use the NFC logic 802 to store welder information which can be read and/or written by another
component of the MIG welding system 200 (as an initiator device). Accordingly, the welder 202 can
participate in peer-to-peer communications with other components of the MIG welding system 200,

including any operators (e.g., operator 106) thereof.

[0078) ‘ The active NFC logic 802 allows welder information 806 to be associated with the
welder 202. The welder information 806 can include the power source information 404, the gas
source information 504, the welding wire information 604, the torch information 704, and/or the wire
feeder information 906, as well as any other information relating to the welding process, other com-

ponents of the MIG welding system 200, and/or operators thereof.

[0079] The welder information 806 can be accessed by any initiator device 310 and used, for
example, to determine the requirements and/or parameters associated with a particular welding
process. If some deficiency, issue, problem, or the like, is identified from the welder information 8086,
the welding process can be prevented or otherwise delayed until said deficiency is remedied. In one
exemplary embodiment, the deficiency is remedied automatically by the welding component repre-

senting the initiator device 310.

[0080]1 In one exemplary embodiment, other components of the MIG welding system 200, in-
stead of or in addition to the welder 202, can be active devices. For example, the wire feeder 230
includes active NFC logic 902 (see FIG. 9). The NFC logic 902 can take any suitable form. In one
‘exemplary embodiment, the NFC logic 902 is a tag, sticker, or the like. In one exemplary embodi-
ment, the tag is affixed to an outer surface of the wire feeder 230 (e.g., a housing of the wire feeder

230). The tag is readily visible to and accessibly by a user {e.g., the operator 106).

[0081] As an active device, the tag has a dedicated power supply 904 (e.g., one or more batter-
ies) which powers its NFC logic 902. In this manner, the tag can function as both an initiator device,

such as the initiator device 310, and an active target device 330 (see FIG. 3B).

[0082] The target device 330 has its own power supply 332. The target device 330 further

includes NFC logic 334 which can generate an electromagnetic field 336 similar to the electromag-
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netic field 306 generated by the initiator device 310. In this manner, the target device 330 and the
initiator device 310 can engage in peer-to-peer communications with one another. Otherwise, when
the target device 330 acts as strictly as a target device, it functions in a manner similar to the target

device 302 shown in FIG. 3A.

[0083] Conversely, when the target device 330 acts as an initiator device or a combination
initiator-target device, it functions in a manner similar to the initiator device 310 shown in FIG. 3A.
For example, the target device 330 uses read instructions 314 communicated by its field 336 to read
information stored on or otherwise associated with the other device (e.g., the initiator device 310).
The read instructions 314 may be implemented by an NFC application (not shown) running on the
target device 330. In one exemplary embodiment, the target device 330 uses write instructions 318
communicated by its field 336 to write information to the other device. The write instructions 318
can also be implemented or otherwise managed by the NFC application running on the target device

330.

[0084] When the target device 330 acts as the initiator device 310, the wire feeder 230 can use
the NFC logic 902 to read data from and/or write data to another component of the MIG welding
system 200 (as a target device). When the target device 330 acts as the target device 302, the wire
feeder 230 can use the NFC logic 902 to store wire feeder information which can be read and/or
written by another component of the MIG welding system 200 (as an initiator device). Accordingly,
the wire feeder 230 can participate in peer-to-peer communications with other components of the

MIG welding system 200, including any operators (e.g., operator 106) thereof.

[0085] The active NFC logic 902 allows wire feeder information 906 to be associated with the
wire feeder 230. The wire feeder information 906 can include the power source information 404, the
gés source information 504, the welding wire information 604, the torch information 704, and/or the
welder information 806, as well as any other information relating to the welding process, other com-
ponents of the MIG welding system 200, and/or operators thereof. The wire feeder information can

also include the calibrated wire feed speed of the wire for the particular welding operation.
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[0086] The wire feeder information 906 can be accessed by any initiator device 310 and used,
for example, to determine the requirements and/or parameters associated with a particular welding
process. If some deficiency, issue, problem, or the like, is identified from the wire feeder information
906, the welding process can be prevented or otherwise delayed until said deficiency is remedied.
In one exemplary embodiment, the deficiency is remedied automatically by the welding component

representing the initiator device 310.

[0087] In one exemplary embodiment, limitations of the wire feeder 230 can be communicated
to the welder 202 via the wire feeder information 906, such that only those welding processes for
which the wire feeder 230 is suitable would be displayed or otherwise made available to the operator

106.

[0088] In one exemplary embodiment, an operator device 1000 associated with the operator
106 includes active NFC logic 1002 (see FIG. 10). In one exemplary embodiment, the NFC logic
1002 is embedded in or otherwise integrated with the operator device 1000. In one exemplary em-
bodiment, the NFC logic 1002 is implemented as an add-on combonent to the operator device 1000.
For example, the operator device 1000 can be provided with NFC capability by interfacing the NFC
logic 1002 with the device, such as by plugging it into a port, expansion slot, or the like of the device.
The general inventive concepts contemplate that other components of a welding system (e.g., the

MIG welding system 200) could be retrofit with NFC capability in a similar manner.

[0089] The operator device 1000 also includes an NFC application or app (not shown), which is
software facilitating communications between the operator 106 and the various NFC-enabled com-
ponents of the MIG welding system 200. For example, the NFC application can provide a user inter-
face, as well as manage the exchange of data between NFC-enabled devices. The NFC application

could be downloaded to the operator device from a website or an app store website.

[0090] In one exemplary embodiment, the operator device 1000 is a mobile computing device.
In one exemplary embodiment, the operator device 1000 is a smartphone. In one exemplary em-
bodiment, the operator device 1000 is a portable computer. In one exemplary embodiment, the

operator device 1000 is a tablet (see FIG. 10).
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[0091] In one exemplary embodiment, the operator device 1000 is a relatively fixed computer.
In this case, it may be necessary to bring an NFC-enabled component (e.g., a spool of wire including
NFC logic) to the operator device 1000 in order for communications between the operator device
1000 and the component to be possible. In this case, the operator device 1000 may be able to
share data with other components of the MIG welding system 200 (e.g., the welder 202) by means

of a network, such as a wired or wireless Ethernet network.

~ {o092] One of ordinary skill in the art will appreciate that any number or combination of compo-
nents in the MIG welding system 200 can be NFC-enabled. Furthermore, each such component can
be configured for either passive or active NFC. Accordingly, the operator device 1000 can generally
be used by the operator 106 to read data from and/or write data to any of the NFC-enabled welding
components of the MIG welding system 200, such as the welder 202, the power source 210, the gas

source 220, the wire feeder 230, the wire source 234, and the welding torch 240.

[0093] In one exemplary embodiment, the operator device 1000 can include authentication
information which is used to implement or otherwise enforce access control in a welding system
(e.g., the MIG welding system 200). For example, NFC tags are placed on one or more components
of the welding system. The NFC tags include control information which defines access limits or re-
quirements for the components. When the operator device 1000 is brought into proximity with any of
the components, an NFC session is established to determine whether the authentication information
on the operator device 1000 satisfieé the access limits or requirements set forth in the control infor-
mation of the component. In one exemplary embodiment, the operator 106 initiates the NFC ses-

sion manually (e.g., by pressing a button, icon, or the like on the operator device 1000).

[0094] If the authentication information on the operator device 1000 satisfies the access limits |
or requirements set forth in the control information of the component, then the operator 106 pos-
sessing the operator device 1000 is granted access to the component. Here, access to the compo-
nent can mean any level of access, such as only reading data from the component, reading data to
and writing data from the component, and/or actual use of the component for its intended purpose.
Indeed, the control information for a component of the welding system can set forth different levels

of access, with the operator 106 only being able to access the component consistent with a level of
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access that can be established using the authentication information of the operator device 1000. If
the authentication information on the operator device 1000 fails to satisfy the access limits or re-
quirements set forth in the control information of the component, then the operator 106 utilizing the
operator device 1000 is denied access to the component or any access to the component by the

operator 106 is appropriately limited.

[0095] Furthermore, the use of information on the operator device 1000 can be extended to

implement specific access control measures.

[0096] For example, in one exemplary embodiment, the operator device 1000 is uniquely asso-
ciated with a particular operator (e.g., the operator 106). The operator device 1000 can include op-
erator information relating to the operator 106, such as the operator’s qualifications to perform a

particular welding process.

[0097] The operator information can be used in any suitable manner within the MIG welding
system 200. For example, the operator information can be used by the welder 202 and/or welding
torch 240 to determine whether the operator 106 is certified to perform a particular welding process.
If it is determined that the operator 106 lacks the requisite certification, the welder 202 and/or weld-
ing torch 240 could prevent the operator 106 from performing the welding process, such as by dis-
abling equipment necessary for performing the welding process (e.g., the welder 202 and/or the

welding torch 240).

[0098] According to the method 1100, an NFC device (e.g., the operator device 1000) or other
NFC tag is brought in close proximity to welding equipment (e.g., the welder 202) by a user (e.g., the

operator 106) at 1102. In one exemplary embodiment, close proximity means within 10 cm.

[0099] The welding equipment uses NFC to obtain data from the NFC device which is then
processed at 1104. In particular, the data is evaluated to determine whether the NFC device consti-
tutes a license at 1106. If it is determined that the NFC device does not constitute a valid license
directed to licensed technology of the welding equipment, further processing halts (i.e., the method
1100 resets) and the user is denied access to the welding equipment and/or additional functionality

covered by the license. Conversely, if it is determined that the NFC device does constitute a valid
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license directed to licensed technology associated with the welding equipment, processing continues
to 1108. In 1108, access to the welding equipment and/or additional functionality, as the licensed

technology, is made available to the user.

[0100] Thereafter, the method 1100 evaluates whether the NFC device remains in close prox-
imity to the welding equipment at 1110. If it becomes the case that the NFC device is no longer in
close proximity to the welding equipment, then the user is denied further access to the welding
equipment and/or additional functionality at 1112 and further processing halts (i.e., the method 1100

resets).

[0101] On the other hand, as long as the NFC device remains in close proximity to the welding
equipment, the user can continue to use the licensed welding equipment and/or additional function-
ality. In particular, steps 1110 and 1114 form a loop which is constantly or periodically checked to
confirm that access to the welding machine or additional functionality, as the licensed technology,

should remain available to the user.

[0102] In a welding system including NFC-enabled components, such as the MIG welding
system 200, the capabilities of the welding system and underlying components can be extended to
provide an enhanced welding system. For example, using NFC, the components of the welding
system can store or otherwise be associated with information, and that information can readily be
accessed and used by other components of the welding system. NFC tags present a low-cost solu-
tion to adding information to "dumb” devices (i.e., those lacking a dedicated processing unit), such
as a spool of Wire. For passive NFC tags, no dedicated power source is needed and the tags can
have a relatively small footprint. Furthermore, operators of the welding system can readily configure
and exchange data with the NFC-enabled components, as well as implement various access control
mechanisms. Further still, the NFC transmissions between components and/or operators of the
welding system are relatively secure owing to their requirement of close proximity and use of encryp-
tion and/or other protection mechanisms. Thus, the general inventive concepts extend to any num-
ber of welding systems (such as automated, manual, hard automated or semi-automated systems)

and all welding processes, including, without limitation, MIG, TIG, GMAW, gas brazing, submerged
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ARC welding, flux-cored welding, and any other welding processes and methods (a non-exhaustive
list of welding processes for which this invention could be used is provided in the attached Appendix
3, which is incorporated herein in its entirety). NFC can be used to enhance the overall capabitities

of any of these welding systems and methods.

[0103] In one exemplary embodiment the software or logic flow of the embodiment is depicted
in Figure 12. Figure 12 depicts a calibration method using NFC tags or logic and an NFC enabled

device such as a portable computing device.

[0104] In a welding system such as, for example, system 200 in Figure 2, several pieces of
welding equipment must be calibrated at the manufacturing site of the welding equipment and then
perhaps re-calibrated or calibrated together at the site of instaltation and use of the welding system
200. For example, a motor that will be used to pull welding wire or “push” welding wire will have a
calibrated motor speed, gear ratio, power rating, torque and tension related to acting on the wire. All
of this information will be calibrated first at the site of the manufacture of the welding equipment. It
could also be changed in the field. A motor is conventionally a “dumb” device with no means of stor-
ing this calibration information on the device itself where it is readily accessible. However, if the
motor has a passive NFC tag this calibration information can be stored on the device itself and can

be accessed by an active NFC device such as a portable computing device.

[0105]) Referring to Figure 12, an exemplary method for calibration of equipment using NFC
enabled device and tags is described. In block 1501, a piece of welding equipment is calibrated by
an operator in the manufacturing facility of the piece of welding equipment. In block 1502 .an NFC
enabled device such as a portable computing device is used to write calibration and identification
information into a passive or active NFC tag. This is done by entering the calibration information into
the portable computing device, bringing the portable computing device in close proximity to the NFC
tag and activating a calibration write action through the NFC app or software in the portable comput-
ing device. For a motor or welding gun or any other typically "dumb” piece of welding equipment the
tag will normally be passive tag. In block 1503, the tag is attached to the calibrated piece of welding

equipment such as a motor, welding gun or power supply. This NFC tag can be attached to the
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welding equipment by any means including wire, a hang tag, adhesive etc. However, the NFC tag
could also be formed into the wall or cover of the piece of the equipment, for example the sheet steel
that acts as a cover for a piece of the equipment could have an opening into which the NFC tag or a

plastic part or plate to which the NFC tag is attached fits or is molded.

[0106] Referring now to Figure 13, a method for calibrating an entire welding system such as
for example depicted in Figure 200 is shown. In a typical welding system, several pieces of welding
equipment must be calibrated or initialized together. For example, a welding gun and a wire feeder
with a pushing motor and a pulling motor for the wire must be calibrated together to yield the opti-
mum speed, torque and tension in order for the welding wire to yield the highest quality weld output.
However, as mentioned above, these devices are often “dumb” pieces of equipment with no memory
or means for storing their initial calibration data either at the factory or when the system was initially
set up. Further, using a conventional computer to store calibration data for an entire welding system
has many problems in that human errors in data entry and the human memory are not reliable. in
addition, storing data in a central computer or laptop does not give an operator access to the calibra-

tion data on the manufacturing floor where the welding system and equipment are actually located.

[0107] The welding system calibration/setup method described in Figure 12 provides a system
in which calibration and set-up data is present and remains with the specific equipment of the sys-
tem and can be immediately accessed in the close proximity of fhe welding equipment. In block
1510, when the all the welding equipment for a particular welding system arrives at the installation
location for the welding system, the operators scan all of the NFC tags on the welding equipment to
obtain calibration information stored at the manufacturing facility. This scanning step can be per-
formed by any NFC enabled computing device including a portable computing device. In black
1511, the NFC app on the portable computing device is used to confirm the calibration and identifi-
cation data for all the equipment obtained in the scan and modify this data if needed. For those
pieces of welding equipment which must be calibrated together to operate in an optimum manner
on-site as discussed above or any device that must be recalibrated, the calibration data is entered
into the NFC computing device by the operator in block 1511. Then the NFC portable computing

device is placed in the proximity of the NFC tag of the equipment to be calibrated in block 1512. In
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block 1513 the NFC software or logic on the portable computing device writes the calibration data to
the tags of the devices to be calibrated on site by executing a write command. For NFC active
tagged welding equipment, the equipment itself can be automatically calibrated by receiving the
calibration data from the NFC portable computer. For passive tagged equipment the calibration data

is stored in the tag.

{0108] The blocks 1514 and 1515 provide a loop in the method described in Figure 12 that
allows for new equipment to be added to the welding system and be calibrated using the NFC tags.
In block 1514 if new equipment is added to the system, the NFC tag is scanned for the calibration
data 6n the NFC tags for calibrations that may have been performed at the manufacturing facility.
This data is then confirmed or modified if necessary at step 1511 and written back to the NFC tag of

the new equipment in blocks 1512 and 1513.

[0109]) The calibration data is now stored in or with each piece of equipment that comprises a
welding system such as, for example, the welding system described in Figure 2. It cz;zn be accessed
at any time by bringing an active NFC computing device in the close proximity of the tags attached
to each piece of equipment. Further, there is no need for any other data storage or data entry and
the calibration data for a particular piece of welding equipment can be obtained simply by presenting
the NFC device in the close proximity of the tag. If desired by the system operator, there is no need
to enter any identification codes or any other identification information to access the calibration or
identification information. In this case, the operator being in the close proximity of the NFC tags with
the NFC computing device can act as a level of security. In addition, those devices that are “dumb,”
will have the calibration data stored at the device Without the need for providing power to a passive

NFC tag at the device.

[0110] In another exemplary embodiment all of these same advantages discussed above can
be realized. This exemplary embodiment relates to setting up or configuring the network on which a
welding system operates and connecting welding equipment to the network. All devices that com-
prise a welding system, such as for example, the welding system described in Figure 2 must be

networked together on some type of network or multiple networks to communicate to one another
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and to operate as a single welding system. One type of network used for welding systems is the
ArcLink™ system manufactured and designed by Lincoln Electric, which is described in the publica-
tion attached hereto as Appendix 2. Other networks that could be used in combination with the Ar-
cLink™ system to connect a welding system together and facilitate its function include Wi-Fi,
ethernet, Bluetooth or CAN networks or any other known communication or industrial networks. Any

of these networks can be used individually or together to create welding system networks.

[0111] When a piece of weldiﬁg equipment is connected to any network, the welding equip-
ment must have a unique identification means, number or address that the network uses to identify
and locate that particular piece of equipment. The conventional way for identifying welding equip-
ment on a network is to have a physically operated dip switch mounted within the welding equipment
that creates a unique number or address on the network. These dip switches are operated manually
and usually are internal to a piece of welding equipment uhder a sheet metal cover or another type

of covering. These dip switches are difficult to use and are time consuming to change and operate.

[0112] In this exemplary embodiment, NFC tags or logic on welding equipment can be used to
connect welding equipment to the network and to network two or more pieces of welding equipment
together. This method is depicted in Figure 14. The first logic block 1550 of this method is to iden-
tify all of the items of welding equipment that will be linked to a particular network to comprise a
welding system. Then an NFC enabled computer including a portable computing device is used to
scan the NFC tags or logic of each device to obtain the identity data of each piece of welding
equipment in block 1551. Then in block 1552 the network is created. This can be done manually by
connecting the physical welding equipment items to the network as they will be arranged in the weld-
ing system physical location, or automatically by using a software program to configure the welding
system network. After the locations of the welding equipment are determined by setting up the sys-
tem, network location data or addresses are transmitted to each welding device through the NFC
enabled computing device in block 1553 by bringing the computing device in the close vicinity of the
NFC tag and executing write commands to the NFC tags in each device. Accordingly, all of the
welding equipment items will have a network location obtained through NFC communications and

stored in each piece of equipment's NFC tag.
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[0113] In another exemplary embodiment, some items of welding equipment must be linked
together and be able to identify each other, for example a robot controller must be linked to the par-
ticular robots that it controls; and a welding power supply must be linked to a motor controller or a
particular welding robot. The NFC tags or logic on each piece of equipment and an NFC enabled
computing device such as a portable computing device can be used to link these devices together in

a similar manner as described above with respect to Figure 14.

[0114] In this exemplary embodiment, an NFC enabled portable computing device can be
brought in the close vicinity of the devices that are being linked together; and a command linking
them together and providing the identities or addresses on the network of the devices to which they
are linked can be sent to and stored in the NFC tag of each device. In addition, because close
physical proximity of the NFC computing device to the NFC tags is required in this method, the
physical location of the equipment linked together can be part of the data provided to each linked
piece of equipment either manually or automatically. Accordingly, not only a network address of a
piece of equipment, but the physical location of each piece of linked equipment can also be stored in
each NFC tag of each piece of linked equipment. This type of information is very valuable in trou-
bleshooting and controlling welding operations through a network with many robots, welders, motors

and welding operations.

[0115] The embodiments described herein are only exemplary and do not limit in any way the
invention or the claims that will be added. The claims will have all of their full and ordinary mean-

ings, unlimited by this specification.
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Reference numbers:

100  welding system
102  welder

106 operator

110 power source
112 input power
114 output power
120 gas source
122  shielding gas
130  wire feeder
132  welding wire
134  wire source
140 welding torch
150  workpiece
152  ground cable
200 welding system
202  welder

204 memory

206 NFC logic
210 power source
216 NFC logic
220 gas source
226  NFClogic
230  wire feeder
234  wire source
236 NFC logic
238 NFC logic
240 welding torch

246 handle
248 NFC logic
250 device

256  NFClogic

302 target device

304 NFC logic

306  electromagnetic field
308 NFClogic

310  initiator device

312 power supply
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1000
1002
1100
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1514
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From amperage
to preheat,
there’s more to
welding
procedures than
meets the eye
By Duane K. Miller, P.E.

29

ING

I''HIN T'HE WELDING INDUS-
TRY, THE TERM “WELDING
PROCEDURE SPECIFICATION”

(or WPS) is used to signify the com-
bination of variables used to make a
certain weld. At a minimum the
WPS (or “Welding Procedure” or
simply “Procedure”) consists of:
process (Shielded Metal Arc Welding
[SMAW], Flux Cored Arc Welding
[FCAW], ete.); eleetrode specification
(AWS A5.1, A5.20, etc.); electrode
classification (E7018, E71T-1, etc.);
electrode diameter; electrical charac-
teristics ( (AC, DC+, DC-); base
metal specification (A36, A572 Gr.
50, etc.); minimum preheat and
interpass temperature; welding cur-
rent (amperage)/wire feed speed; arc
voltage; travel speed; position of
welding; post weld heat treatment;
shielding gas type and flow rate; and
joint design details.

The welding procedure is some-
what analogous to a cook’s recipe: It
outlines the steps required to make
a quality weld under specific condi-
tions.

ErrecTs Or WELDING VARIABLES

The effects of the variables are
somewhat dependent on the welding
process being employed, but general
trends apply to all the processes. It
is important to distinguish the dif-
ference between constant current
(CC) and constant voltage (CV) elec-
trical welding systems. Shielded
metal arc welding is always done
with a CC system, while flux cored
welding and gas metal arc welding
generally are performed with CV
systems. Submerged arc may utilize
either,

* Amperage is a measure of the
amount of current flowing through
the electrode and the work. It is a

PCT/IB2014/000357

primary variable in determining
heat input. Generally, an increase in
amperage means higher deposition
rates, deeper penetration, and more
admixture. The amperage flowing
through an electrical circuit is the
same, regardless of where it is mea-
sured. It may be measured with a
tong meter or with the use of an
electrical shunt. The role of amper-
age is best understood in the context
of heat input and current density
considerations. For CV welding, an
increase in wire feed speed will
directly increase amperage. For
SMAW on CC systems, the machine
setting determines the basic amper-
age, although changes in the arc
length (controlled by the welder) will
further change amperage. Longer
arc lengths reduce amperage.

* Arc voltage is directly related to
arc length. As the voltage increases,
the arc length increases, as does the
demand for arc shielding. For CV
welding, the voltage is determined
primarily by the machine setting, so
the arc length is relatively fixed in
CV welding. For SMAW on CC sys-
tems, however, the arc voltage is
determined by the arc length, which
is manipulated by the welder. As arc
lengths are increased with SMAW,
the arc voltage will increase, and the
amperage will decrease. Arc voltage
also controls the width of the weld
bead, with higher voltages generat-
ing wider beads. Arc voltage has a
direct effect on the heat input com-
putation.

* The voltage in a welding circuit
is not constant, but is composed of a
series of voltage drops. Consider the
following example: assume the
power source delivers a total system
voltage of 40 volts. Between the
power source and the welding head
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or gun, there is a voltage drop of per-
haps 3 volts associated with the
input cable resistance. From the
point of attachment of the work head
to the power source work terminal,
there is an additional voltage drop
of, say, 7 volts. Subtracting the 3
volts and the 7 volts from the origi-
nal 40 leaves 30 volts for the arc.
This example illustrates how impor-
tant it is to ensure that the voltages
used for monitoring welding proce-
dures properly recognize any losses
in the welding circuit. The most
accurate way to determine arc volt-
age is to measure the voltage drop
between the contact tip and the
work piece. However, this may not
be practical for semiautomatic weld-
ing, so voltage is typically read from
a point on the wire feeder (where the
gun and cable connection is made),
to the workpiece. For SMAW weld-
ing, voltage is not usually moni-
tored, since it is constantly changing
and cannot be controlled except by
the welder. Skilled welders hold
short arc lengths to deliver the best
weld quality.

e Travel speed, measured in inch-
es per minute, is the rate at which
the electrode is moved relative to the
joint. All other variables being
equal, travel speed has an inverse
effect on the size of the weld beads.
As the travel speed increases, the
weld size will decrease. Extremely
low travel speeds may result in
reduced penetration, as the arc
impinges on a thick layer of molten
metal and the weld puddle rolls
ahead of the arc. Travel speed is a
key variable used in computing heat
input (reducing travel speed increas-
es heat input).

e Wire feed speed is a measure of
the rate at which the electrode is
passed through the welding gun and
delivered to the arc. Typically mea-
sured in inches per minute (ipm),
the deposition rates are directly pro-
portional to wire feed speed and
directly related to amperage. When
all other welding conditions are
maintained constant, an increase in
wire feed speed will directly lead to
an increase in amperage. For slower
wire feed speeds, the ratio of wire
feed speed to amperage is relatively
constant and linear. For higher wire
feed speeds, this ratio may increase;
resulting in a higher deposition rate
per amp, but at the expense of pene-
tration.
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Lesd:

Wire feed speed is the preferred
method of maintaining welding pro-
cedures for constant voltage wire
feed processes. The wire feed speed
can be independently adjusted and
measured directly, regardless of the
other welding conditions. It is possi-
ble to utilize amperage as an alter-
native to wire feed speed although
the resultant amperage for a given
wire feed speed may vary, depending
on polarity, electrode diameter, elec-
trode type and electrode extension.
Although equipment has been avail-
able for two decades that monitor
wire feed speed, many codes such as
AWS D1.1 continue to acknowledge
amperage as the primary method for
procedure documentation. D1.1 does
permit the use of wire feed speed
control instead of amperage, provid-
ing a wire feed speed-amperage rela-
tionship chart is available for com-
parison. Specification sheets
supplied by the filler metal manufac-
turer provide data that support
these relationships.

¢ Electrode extension, also known
as “electrical stickout” or ESQ, is the
distance from the contact tip to the
end of the electrode. It applies only
to the wire fed processes. As the
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electrode extension i8 increased in a
constant voltage system, the electri-
cal resistance of the electrode
increases, causing the electrode to be
heated. This is known as resistance
heating or “I2R heating”. As the
amount of heating increases, the arc
energy required to melt the electrode
decreases. Longer electrode exten-
sions may be employed to gain high-
er deposition rates at a given amper-
age. When the electrode extension is
increased without any change in
wire feed speed, the amperage will
decrease. This results in less pene-
tration and less admixture. With the
increase in electrical stickout, it is
common to increase the machine
voltage setting to compensate for the
greater voltage drop across the elec-
trode.

In constant voltage systems, it is
possible to simultaneously increase
both the ESO and the wire feed
speed in a balanced manner so that
the current remains constant. When
this is done, higher deposition rates
are attained. Other welding vari-
ables, such as voltage and travel
speed, must be adjusted to maintain
a stable arc and to ensure quality
welding. The ESO variable should
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always be within the range recom-
mended by the manufacturer.

¢ Electrode diameter is another
critical variable. Larger electrodes
can carry higher welding currents.
For a fixed amperage, however,
smaller electrodes result in higher
deposition rates. This is because of
the effect on current density dis-
cussed below.

s Polarity is a definition of the
direction of current flow. Positive
polarity (reverse) is achieved when
the electrode lead is connected to the
positive terminal of the direct cur-
rent (DC) power supply. The work
lead is connected to the negative ter-
minal. Negative polarity (straight)
occurs when the electrode is connect-
ed to the negative terminal and the
work lead to the positive terminal.
Alternating current (AC) is not a
polarity, but a current type. With
AQC, the electrode is alternately posi-
tive and negative. Submerged arc is
the only process that commonly uses
either electrode positive and elec-
trode negative polarity for the same
type of electrode. AC may also be
used. For a fixed wire feed speed, a
submerged arc electrode will require
more amperage on positive polarity
than on negative. For a fixed
amperage, it is possible to utilize
higher wire feed speeds and deposi-
tion rates with negative polarity
than with positive. AC exhibits a
mix of both positive and negative
polarity characteristics.

¢ The magnetic field that sur-
rounds any DC conductor can cause
a phenomenon known as arc blow,
where the arc is physically deflected
by the field. The strength of the
magnetic field is proportional to the
square of the current value, so this
is a more significant potential prob-
lem with higher currents. AC is less
prone to arc blow, and can some-
times be used to overcome this phe-
nomenon.

e Heat input is proportional to
the welding amperage, times the arc
voltage, divided by the travel speed.
Higher heat inputs relate to larger
weld cross sectional areas, and larg-
er heat affected zones, which may
negatively affect mechanical proper-
ties in that region. Higher heat
input generally results in slightly
decreased yield and tensile strength
in the weld metal, and generally
lower notch toughness because of
the interaction of bead size and heat
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input.

o Current density is determined
by dividing the welding amperage by
the cross sectional area of the elec-
trode. For solid electrodes, the cur-
rent density is therefore proportion-
al to 1/d%. For tubular electrodes
where current is conducted by the
sheath, the current density is relat-
ed to the area of the metallic cross
section. As the current density
increases, there will be an increase
in deposition rates, as well as pene-
tration. The latter will increase the
amount of admixture for a given
joint. Notice that this may be
accomplished by either increasing
the amperage or decreasing the elec-
trode size. Because the electrode
diameter is a squared function, a
small decrease in diameter may
have a significant effect on deposi-
tion rates and plate penetration.

* Preheat and interpass tempera-
ture are used to control cracking
tendencies, typically in the base
materials. Regarding weld metal
properties, for most carbon-man-
ganese-silicon systems, a moderate
interpass temperature promotes
good notch toughness. Preheat and
interpass temperatures greater than
550 degrees F may negatively affect
notch toughness. When the base
metal receives little or no preheat,
the resultant rapid cooling may also
lead to a deterioration of notch
toughness. Therefore, careful con-

- trol of preheat and interpass tem-

peratures is critical.

Purrose Or WPSs

The particular values for the vari-
ables discussed above have signifi-
cant affect on weld soundness,
mechanical properties, and produc-
tivity. It is therefore critical that
those procedural values used in the
actual fabrication and erection be
appropriate for the specific require-
ments of the applicable code and job
specifications. Welds that will be
architecturally exposed, for example,
should be made with procedures
that minimize spatter, encourage
exceptional surface finish, and have
limited or no undercut. Welds that
will be covered with fireproofing, in
contrast, would naturally have less
restrictive cosmetic requirements.

Many issues must be considered
when selecting welding procedure
values. While all welds must
achieve fusion to ensure their
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strength, the required level of pene-
tration is a function of the joint
design in the weld type. All welds
are required to deliver a certain
yield and/or tensile strength,
although the exact level required is
a function of the connection design.
Not all welds are required to deliver
minimum specified levels of notch
toughness. Acceptable levels of
undercut and porosity are a function
of the type of loading applied to the
weld. Determination of the most
efficient means by which these con-
ditions can be met cannot be left to
the welders, but is determined by
knowledgeable welding technicians
and engineers who create written
welding procedure specifications and
communicate those requirements to
welders by the means of these docu-
ments. The WPS ig the primary tool
that is used to communicate to the
welder, supervisor, and the inspector
how a specific weld is to be made.
The suitability of a weld made by a
skilled welder in conformance with
the requirements of 8 WPS can only
be as good as the WPS itself.
Procedural variable values must be
properly selected in order to have a
WPS appropriate for the application.

The ability of a welder to follow a
written WPS is determined by
welder qualification tests (D1.1-96,
paragraph C4.1.2). The welder may
not know how or why each particu-
lar variable was selected, although
these values must be used in produc-
tion. The inspector is required to
ensure that all welding is done in
accordance with the WPS, observing
the technique of each welder on a
periodic basis (D1.1-96, paragraph
6.5.4). Inspectors do not develop
WPSs, but they must ensure the pro-
cedures exist and are followed (D1.1-
96, paragraph 6.3.1).

The D1.1-96 Structural Welding
Code - Steel requires written weld-
ing procedures for all fabrication
performed (D1.1-96, paragraph 5.5).
These WPSs are required to be writ-
ten, regardless of whether they are
prequalified or qualified by test.
Each fabricator or erector is respon-
sible for the development of WPSs
(D1.1-96, paragraph 4.1.1.1, 4.6).
Confusion about this issue apparent-
ly still exists since there continue to
be reports of fabrication being per-
formed in the absence of written
welding procedure specifications.
One prevalent misconception is that
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if the actual parameters under
which welding will be performed
meet all the conditions for “prequali-
fied” status, written WPSs are not
required. This ig not true. As has
been shown in the cited code refer-
ences, the requirement is clear.

The WPS is a communication
tool, and it is the primary means of
communication to all the parties
involved regarding how the welding
is to be performed. It must therefore
be readily available to foremen,
inspectors and the welders. The
code is not prescriptive in its
requirements regarding availability
and distribution of WP3s. Some
shop fabricators have issued each
welder employed in their organiza-
tion with a set of welding procedures
that are typically retained in the
welder’s locker or tool box. Others
have listed WPS parameters on shop
drawings. Some company bulletin
boards have listings of typical WPSs
used in the organization. Regardless
of the method used, WPSs must be
available to those authorized to use
them.

It is in the contractor’s best inter-
est to ensure that efficient communi-
cation is maintained with all parties
involved. Not only can quality be
compromised when WPSs are not
available, but productivity can suffer
as well. Regarding quality, the lim-
its of suitable operation of the par-
ticular welding process and electrode
for the steel, joint design and posi-
tion of welding must be understood.
Obviously, the particular electrode
employed must be operated on the
proper polarity, proper shielding
gases must be used, and amperage
levels must be appropriate for the
diameter of electrode, and for the
thickness of material on which weld-
ing is performed. Other issues may
not be as obvious. For example, the
required preheat for a particular
application is a function of the
grade(s) of steel involved, the thick-
ness(es) of material, and the type of
electrode employed (whether low
hydrogen or non-low hydrogen). All
of this can be communicated by
means of the written WPS.

Lack of conformance with the
parameters outlined in the WPS
may result in the deposition of a
weld that does not meet the quality
requirements imposed by the code or
the job specifications. When an
unacceptable weld is made, the cor-
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rective measures to be taken may
necessitate weld removal and
replacement, an activity that rou-
tinely increases the cost of that par-
ticular weld tenfold. Avoiding these
types of unnecessary activities by
clear communication has obvious
quality and economic ramifications.
There are other economic issues
to be considered as well. In a most
general way, the cast of welding is
inversely proportional to the deposi-
tion rate. The deposition rate, in
turn, is directly tied to the wire feed
speed of the semiautomatic welding
processes. If it is acceptable, for
example, to make a given weld with
a wire feed speed of 200 ipm, then a
weld made at 160 ipm (which may
meet all the quality requirements)
would cost approximately 25% more

_than the weld made at the optimum

procedure. Conformance with WPS
values can help ensure that con-
struction is performed at rates that
are conducive to the required weld
quality and are economical as well.

The code imposes minimum
requirements for a given project.
Additional requirements may be
imposed by contract specifications.
The same would hold true regarding
WPS values. Compliance with the
minimum requirements of the code
may not be adequate under all cir-
cumstances. Additional require-
ments can be communicated through
the WPS. For example, the D1.1-96
code permits the use of an E71T-11
FCAW electrode for multiple pass
welding without any restriction on
plate thickness. The Lincoln
Electric product, Innershield
NR211MP, has a maximum thick-
ness restriction imposed by the man-
ufacturer of ¥”. This additional
requirement can be incorporated
into the applicable WPS. Other rec-
ommendations that may be imposed
by the steel producer, electrode man-
ufacturer, or others can and should
be documented in the WPS.

PREQUALIFIED PROCEDURES

The AWS D1.1 code provides for
the use of prequalified WPSs.
Prequalified WPSs are those that
the AWS D1 Committee has deter-
mined to have a history of accept-
able performance, and so does not
subject them to the qualification
testing imposed on all other welding
procedures. The use of prequalified
WPSs does not preclude the require-
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ment that they be written. The use
of prequalified WPSs still requires
that the welders be appropriately
qualified. All the workmanship pro-
visions imposed in the fabrication
section of the code apply to prequali-
fied WPSs. The only code require-
ment exempted by prequalification
is the nondestructive testing and
mechanical testing required for
qualification testing of welding pro-
cedures.

A host of restrictions and limita-
tions imposed on prequalified weld-
ing procedures do not apply to weld-
ing procedures that are qualified by
test. Prequalified welding proce-
dures must conform with all the pre-
qualified requirements in the code.
Failure to comply with a single pre-
qualified condition eliminates the
opportunity for the welding proce-
dure to be prequalified (D1.1-96,
paragraph 3.1).

In aorder for a WPS to be prequali-
fied, the following conditions must
be met:
® The welding process must be pre-

qualified. Only SMAW, SAW,

GMAW (except GMAW-s), and

FCAW may be prequalified

(D1.1-96, paragraph 3.2.1).

o The base metal/filler metal com-
bination must be prequalified.
Prequalified base metals, filler
metals, and combinations are
shown in D1.1-96, paragraph 3.3,
Table 3.1.

® The minimum preheat and inter-
pass temperatures prescribed in
D1.1-96, paragraph 3.3, Table
3.2 must be employed (D1.1-96,
paragraph 3.5).

o Specific requirements for the var-
ious weld types must be main-
tained. Fillet welds must be in
accordance with D1.1-96, para-
graph 3.9, plug and slot welds in
accordance with D1.1-96, para-
graph 3.10, and groove welds in
accordance with D1.1-96, para-
graph 3.11, 3.12, and 3.13 as
applicable. For the groove welds,
whether partial joint penetration
or complete joint penetration, the
required groove preparation
dimensions are shown in D1.1-96,
Figures 3.3 and 3.4.

Even if prequalified joint details
are employed, the welding procedure
must be qualified by test if other
prequalified conditions are not met.
For example, if a prequalified detail
is used on an unlisted steel, the
welding procedures must be quali-
fied by test.
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Prequalified status requires con-
formance to a variety of procedural
parameters. These are largely con-
tained in D1.1-96, Table 3.7, and
include maximum electrode diame-
ters, maximum welding current,
maximum root pass thickness, maxi-
mum fill pass thicknesses, maxi-
mum single-pass fillet weld sizes,
and maximum single pass weld lay-
ers (D1.1-96, Table 3.3). In addition
to all the preceding requirements,
welding performed with a prequali-
fied WPS must be in conformance
with the other code provisions con-
tained in the fabrication section of
AWS D1.1-96 Structural Welding
Code.

The code does not imply that a
WPS that is prequalified will auto-
matically achieve the quality condi-
tions required by the code. The com-
mentary language for paragraph
3.2.1 states the following:

“The use of prequalified joints
and procedures does not necessarily
guarantee sound welds. Fabrication
capability is still required, together
with effective and knowledgeable
supervision to consistently produce
sound welds.” (AWS D1.1-96, para-
graph C3.2.1)
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It is the contractor’s responsibili-
ty to ensure that the particular
parameters selected within the
requirements of the prequalified
WPS are suitable for the specific

application. An extreme example
will serve as an illustration.
Consider the following example of a
hypothetical proposed WPS for
making a %” fillet weld on %" A36
steel in the flat position. The weld
type and steel are prequalified.
SAW, a prequalified process, is
selected. The filler metal selected is
F7A2-EM12K, meeting the require-
ments of D1.1-96, Table 3.1. No pre-
heat is specified since it would not
be required according to D1.1-96,
Table 3.2. The electrode diameter
selected is %", less than the %" max-
imum specified in D1.1-96, Table
3.7. The maximum single pass fillet
weld size in the flat position, accord-
ing to D1.1-96, Table 3.7, is unlimit-
ed, so the 14" fillet size can be pre-
qualified. The current level selected
for making this particular fillet weld
is 800 amps, less than the 1000 amp
maximum specified in D1.1-96,
Table 3.7.

However, the amperage level
imposed on the electrode diameter
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for the thickness of steel on which
the weld is being made is inappro-
priate. It would not meet the
requirements of D1.1-96, paragraph
5.3.1.2 in the section entitled
Fabrication, which requires that the
size of electrode and amperage be
suitable for the thickness of material
being welded. This illustration
demonstrates the fact that compli-
ance with all prequalified conditions
does not guarantee that the combi-
nation of selected variables will
always generate an acceptable weld.

Most contractors will determine
preliminary values for a prequalified
WPS based upon their experience,
recommendations from publications
such as Lincoln Electric’s Procedure
Handbook of Arc Welding, industry
publications such as the AWS
Welding Handbooks, from AWS
Welding Procedure Specifications
(AWS B2.1), or other sources. It is
the responsibility of the contractor
to verify the suitability of the sug-
gested parameters prior to the appli-
cation of the actual procedure on a
project, although the verification
test need not be subject to the full
range of procedure qualification
tests imposed by the code. Typical
tests will be made to determine
soundness of the weld deposit (e.g.,
fusion, tie-in of weld beads, freedom
from slag inclusions, etc.). The plate
could be nondestructively tested or,
as is more commonly done, cut, pol-
ished, and etched. The latter opera-
tions allow for examination of pene-
tration patterns, bead shapes, and
tie-in. Welds made with prequali-
fied WPSs that meet the physical
dimensional requirements (fillet
weld size, maximum reinforcement
levels, and surface profile require-
ments), and are sound (that is, hav-
ing adequate fusion, tie-in and free-
dom from excessive slag inclusions
and porosity) should meet the
strength and ductility requirements
imposed by the code for welding pro-
cedures qualified by test. Weld
soundness, however, cannot be
assumed just because the WPS is
prequalified.

GUIDELINES

When developing prequalified
WPSs, the starting point is a set of
welding parameters appropriate for
the general application being consid-
ered. Parameters for overhead weld-
ing will naturally vary from those
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required for down-hand welding.
The thickness of material involved
will dictate electrode sizes and corre-
sponding current levels. The specific
filler metals selected will reflect the
strength requirements of the connec-
tion. Many other issues must be
considered.

Depending on the level of famil-
iarity and comfort the contractor has
with the particular values selected,
welding a mock-up may be appropri-
ate. Once the parameters that are
desired for use in production are
established, it is essential to check
each of the applicable parameters
for compliance with the D1.1-96
code.

To assist in this effort, Annex H
has been provided in the D1.1-96
code. This contains a check list that
identifies prequalified requirements.
If any single parameter deviates
from these requirements, the con-
tractor is left with two options: (1)
the preliminary procedure can be
adjusted to conform with the pre-
qualified constraints; or, (2) the
WPS can be qualified by test. If the
preliminary procedure is adjusted, it
may be appropriate to reexamine its
viability by another mock-up.

The next step i3 to document, in
writing, the prequalified WPS val-
ues. A sample form is included in
Annex E of the code. The fabricator
may utilize any convenient format
(D1.1-96, paragraph 3.6). Also con-
tained in Annex E are a series of
examples of completed WPSs that
may be used as a pattern.

QUALIFYING By TEST

Conducting qualification tests —
There are two primary reasons why
welding procedures may be qualified
by test. First, it may be a contractu-
al requirement. Secondly, one or
more of the specific conditions
encountered in production may devi-
ate from the prequalified require-
ments. In either case, a test weld
must be made prior to the establish-
ment of the final WPS. The first
step in qualifying a welding proce-
dure by test is to determine the pro-
cedure one wants to qualify. The
same sources cited for the prequali-
fied WPS starting points could be
used for WPSs qualified by test.
These will typically be the parame-
ters used for fabrication of the test
plate, although this is not always
the case, as will be discussed later.
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In the simplest case, the exact condi-
tions that will be encountered in
production will be replicated in the
procedure qualification test. This
would include the welding process,
filler metal, grade of steel, joint
details, thicknesses of material, pre-
heat values, minimum interpass
temperature level, and the various
welding parameters of amperage,
voltage, and travel speed. The ini-
tial parameters used to make the
procedure qualification test plate
beg for a name to define them,
although there is no standard indus-
try term. It has been suggested that
“TWPS” be used where the “T” could
alternately stand for temporary,
test, or trial. In any case, it would
define the parameters to be used for
making the test plate since the
validity of the particular parameters
cannot be verified until they have
successfully passed the required
test. The parameters for the test
weld are recorded on a Procedure
Qualification Record (PQR). The
actual values used should be record-
ed on this document. The target
voltage, for example, may be 30 volts
but, in actual fact, only 29 volts were
used for making the test plate. The
29 volts would be recorded.

After the test plate has been
welded, it is allowed to cool and the
plate is subjected to the visual and
nondestructive testing as prescribed
by the code. The specific tests
required are a function of the type of
weld being made and the particular
welding consumables. The types of
qualification tests are described in
D1.1-96, paragraph 4.4.

In order to be acceptable, the test
plates must first pass visual inspec-
tion followed by nondestructive test-
ing (NDT) (D1.1-96, paragraphs
4.8.1, 4.8.2). At the contractor’s
option, either RT or UT can be used
for NDT. The mechanical tests
required involve bend tests (for
soundness), macro etch tests (for
soundness), and reduced section ten-
sile tests (for strength). For qualifi-
cation of procedures on steels with
significantly different mechanical
properties, a longitudinal bend spec-
imen is possible (D1.1-96, paragraph
4.8.3.2). All weld metal tensile tests
are required for unlisted filler met-
als. The nature of the bend speci-
mens, whether side, face, or root, is
a function of the thickness of the
steel involved. The number and
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type of tests required are defined in
D1.1-96, Table 4.2 for complete joint
penetration groove welds, D1.1-96,
Table 4.3 for partial joint penetra-
tion groove welds, and D1.1-96,
Table 4.4 for fillet welds.

Once the number of tests has
been determined, the test plate is
sectioned and the specimens
machined for testing. The results of
the tests are recorded on the PQR.
According to D1.1-96, if the test
results meet all the prescribed
requirements, the testing is success-
ful and welding procedures can be
established based upon the success-
ful PQR. If the test results are
unsuccessful, the PQR cannot be
used to establish the WPS. If any
one specimen of those tested fails to
meet the test requirements, two
retests of that particular type of test
may be performed with specimens
extracted from the same test plate.
If both of the supplemental speci-
mens meet the requirements, the
D1.1-96 allows the tests to be
deemed successful, If the test plate
is over 1'% thick, failure of a speci-
men necessitates retesting of all the
specimens at the same time from
two additional locations in the test
material (D1.1-96, paragraph 4.8.5).

It is wise to retain the PQRs
from unsuccessful tests as they may
be valuable in the future when
another similar welding procedure is
contemplated for testing.

The acceptance criteria for the
various tests are prescribed in the
code. The reduced section tensile
tests are required to exceed the min-
imum specified tensile strength of
the steel being joined (D1.1-96, para-
graph 4.8.3.5). Specific limits on the
size, location, distribution, and type
of indication on bend specimens is
prescribed in D1.1-96, paragraph
4.8.3.3.

Writing WPSs from successful
PQRs— When a PQR records the
successful completion of the required
tests, welding procedures may be
written from that PQR. At a mini-
mum, the values used for the test
weld will constitute a valid WPS.
The values recorded on the PQR are
simply transcribed to a separate
form, now known as a WPS rather
than & PQR.

It is possible to write more than
one WPS from a successful PQR.
Welding procedures that are suffi-
ciently similar to those tested can be
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supported by the same PQR.
Significant deviations from those

conditions, however, require addi-

tional qualification testing. Changes
that are significant enough to war-
rant additional testing are consid-
ered essential variables, and these
are listed in D1.1-96, Tables 4.5, 4.6,
and 4.7. For example, consider an
SMAW welding procedure that is
qualified by test using an E8018-C3
electrode. From that test, it would
be possible to write a WPS that uti-

. lizes E7018 (since this is a decrease
in electrode strength) but it would
not be permissible to write a WPS
that utilizes E9018-G electrode
(because Table 4.5 lists an increase

-'in filler metal classification strength
as an essential variable). It is
important to carefully review the
essential variables in order to deter-
mine whether a previously conduct-
ed test may be used to substantiate
the new procedure being contemplat-
ed.

D1.1-96, Table 4.1 defines the
range of weld types and positions
qualified by various tests. This
table is best used, not as an after-
the-fact evaluation of the applicabili-
ty of the test already conducted, but
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rather for planning qualification
tests. For example, a test plate con-
ducted in the 2G position qualifies
the WPS for use in either the 1G or
2G position. Even though the first
anticipated use of the WPS may be
for the 1G position, it may be advis-
able to qualify in the 2G position so
that additional usage can be
obtained from this test plate.

In a similar way, D1.1-96, Table

" 4.7 defines what changes can be

made in the base metals used in pro-
duction vs. qualification testing. An

alternate steel may be selected for

the qualification testing simply
because it affords additional flexibil-
ity for future applications.

If WPS qualification is performed

on a non-prequalified joint geometry,
and acceptable test results are
obtained, WPSs may be written from
that PQR utilizing any of the pre-
qualified joint geometries (D1.1-96,
Table 4.5, Item 32).

EXAMPLES

To provide some insight into the
thought process that a welding engi-
neer may follow to develop a WPS,
two examples will be given. In both
cases, the weld is the same, namely,
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a %" fillet weld. The specific appli-
cation conditions, however, will
necessitate that a separate WPS be
developed for each situation. A sam-
ple WPS is included for each situa-
tion.

Situation One: The weld to be
made is a %" fillet weld that con-
nects the shear tab to the column.
This weld will be made in the fabri-
cation shop with a column in the
horizontal position. The fillet weld
is applied to either side of a !4” shear
tab. Tt is welded to a W14x311 col-
umn with a flange thickness of 2% “,
The shear tab is made of A36 steel,
while the column is of A572 Gr 50.

The welding engineer recognizes
that for the grades of steel involved,
and for the type of weld specified, a
prequalified WPS could be written.
The process of choice for this partic-
ular shop fabricator is gas shielded
flux cored arc welding, a prequali-
fied welding process. From Table
3.1 of the D1.1-96 code, a list of pre-
qgualified filler metals is given.
Qutershield 70, an E70T-1 electrode
is selected because, for semiauto-
matic welding, it is likely to be the
most economical process considering
deposition rate and cleanup time.
The electrode operates on DC+
polarity. From experience, the engi-

‘neer knows that %:." diameter is

appropriate for the application, and
specifies that the shielding gas
should be CO2 based upon the elec-
trode manufacturer’s recommenda-
tion and its low cost characteristics.
From Table 3.2 of the D1.1-96 code,
the preheat is selected. It is con-
trolled by the thicker steel, that is,
the column flange, and required to
be a minimum of 150 degree F since
the column flange thickness is 2'4”.
From recommendations supplied by
the electrode manufacturer, the
welding engineer selects a welding
current of 460 amps, 31 volts, and
specifies that the welding speed
should be 15-17 ipm. The final vari-
able is determined based upon expe-
rience. If any doubts still exist, a
simple fillet weld test could be made
to verify the travel speed for the
given amperage.

As a quick check, the engineer
reviews Annex H to ensure that all
the prequalified conditions have
been achieved. Finally, these are
tabulated on the WPS.

Situation Two: The second weld
to be made is also a %" fillet weld,
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but in this case, the weld will be
made in the field. The weld will be
made between the shear tab
described above, and the beam web.
In thig situation, the beam is a
W36x150, specified to be of A36
steel. Under field conditions, the
weld must be made in the vertical
position.

The welding engineer again rec-
ognizes that the WPS for this appli-
cation could be prequalified if all the
applicable conditions are met. Self
shielded flux cored arc welding is
selected in order to ensure high
quality welds under windy condi-
tions. This is a prequalified process.
In D1.1-96, Table 3.1, the engineer
locates suitable filler metals and
selects Innershield NR232, an E71T-
8 self-shielded flux cored electrode
which operates on DC negative
polarity. Because the welding will
be made in the vertical position, a
0.068 in. diameter electrode is speci-
fied. From technical literature sup-
plied by Lincoln Electric, a middle-
of-the-range procedure suitable for
vertical position welding is selected.
The engineer specifies the current to
be 250 amps, 19-21 volts, with a
travel speed of 5.5-6.5 ipm. The con-
trolling variable is the thickness of
the beam web, which is %”. In this
situation, Table 3.2 of the D1.1-96
code does not require any minimum
preheat.

The two welds to be made are
remarkably similar, and yet the
WPS values specified are significant-
ly different. In order to ensure that
quality welds are delivered at eco-
nomical rates, it is imperative that a
knowledgeable individual establish
WPS values. These values must be
adhered to during fabrication and
erection in order to ensure quality
welds in the final structure.

REVIEW AND APPROVAL

After a WPS is developed by a
fabricator or erector, it is required to
be reviewed by the inspector (AWS
D1.1-96, paragraph 6.3.1). This
applies whether the WPS has been
qualified by test, or whether it is
prequalified. The code requires
WPSs that are qualified by test to be
submitted to the engineer for
approval (D1.1-96, paragraph 4.1.1).

Prequalified WPSs are required
to be reviewed by the inspector who
is required to “make certain that the
procedures conform to the require-
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ments of this code” (D1.1-96, para-
graph 6.3.1). The D1.1-96 code does
not require prequalified WPSs to be
submitted to the engineer for
approval. Welding procedures that
have been qualified by test are
required to be reviewed by the engi-
neer (D1.1-96, paragraph 4.1.1).
However, the use of a “prequalified
joint” does not exempt the engineer
from using engineering judgment in
determining the suitability of appli-
cation for these joints (D1.1-96,
paragraph 3.1). The code is not
explicit with respect to engineering
responsibility for the other aspects
of a prequalified WPS.

The code is clear that the inspec-
tor is required to review all WPSs.
For a prequalified WPS, Annex H,
“Contents of a Prequalified WPS”, is
particularly helpful. This Annex
provides a list of the various ele-
ments of a prequalified WPS, and
has a reference to the code para-
graph where these restrictions are
listed. In the reorganized D1.1-96
code format, user-friendly tables and
figures summarize many of the pre-
qualified requirements. These
include:

» Table 3.1 - Prequalified Base
Metal - Filler Metal Combinations
for Matching Strength

eTable3.2 - Prequalified
Minimum Preheat and Interpass
Temperatures

e Table 3.3 - Filler Metal
Requirements for Exposed Bare
Applications of A588 Steel

e Table 3.7 - Prequalified WPS
Requirements

* Pigure 3.3- Prequalified
Groove Weld Joint Details

e Figure 3.4 - Prequalified CJP
Groove Weld Details

In addition to the above tables,
Table 4.5 lists the essential variable
changes required for WPS requalifi-
cation. The limitation of variables
prescribed in Table 4.5 also apply to

prequalified WPSs (D1.1-96, para- .

graph 3.6). Through the use of these
tables, the majority of the prequali-
fied conditions can be easily checked
by the inspector as part of the
required review.

The fundamental premise on
which the suitability of prequalified
procedures stands is stated in the
commentary as follows:

“Certain shielded metal are, sub-

merged arc, gas metal arc

(excluding the short circuiting

mode of metal transfer across the
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arc), and flux cored arc WPSs in
conjunction with certain related
types of joints have been thor-
oughly tested and have a long
record of proven satisfactory per-
formance.” (D1.1-96, paragraph

C3.2.1).

The review required by the
inspector in D1.1-96, paragraph
6.3.1 does not specifically require a
determination regarding the suit-
ability of the procedure for the par-
ticular application, but rather
requires that the procedure conform
to the requirements of the code. As
previously stated, the engineer is
not exempted from exercising engi-
neering judgment when prequalified
Jjoint details are used.

The previously described respon-
sibility of the inspector to review all
WPSs applies equally to those quali-
fied by test. However, D1.1-96,
paragraph 4.1.1 additionally
requires the following:

“Except for prequalified WPSs in

conformance with Section 3, a

WPS for use in production weld-

ing shall be qualified in confor-

mance with Section 4, Part B, and
shall be approved by the engi-
neer.”

The apparent logic behind the dif-
ferences in approval approaches is
that while prequalified WPSs are
based upon well established, time
proven, and documented welding
practices (see D1.1-96, paragraph
C3.2.1), WPSs that have been quali-
fied by test may utilize new,
unproven and sometimes controver-
sial concepts. WPSs that are quali-
fied by test are not automatically
subject to the same restrictions that
would apply to prequalified WPSs.
Even though the required qualifica-
tion tests have demonstrated the
adequacy of the particular WPS
under test conditions, further scruti-
ny by the engineer is justified to
ensure that it is applicable for the
particular situation that will be
encountered in production.

Two examples will be cited to
illustrate the philosophical differ-
ences a welding engineer may take
when evaluating a WPS qualified by
test. In Situation One, the contrac-
tor wishes to use a WPS that would
otherwise be prequalified, except for
one change in the joint detail. Based
upon experience and some informal
tests, the contractor has determined
that a modified groove detail will
reduce the required volume of weld
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metal without affecting quality. The
joint detail is similar to a B-U2a-GF,
except that the root opening and
groove angles deviate from the pre-
qualified requirements shown in
D1.1-96. Specifically, the combina-
tion of a '%” root opening with a 45
degree included angle when applied
to plate '2” thick provides a near
optimum configuration for this con-
tractor’s procedures that utilize
FCAW-g. Since these dimensional
changes are beyond the limits per-
mitted by the as-detailed tolerances
for the specific joint, they must be
qualified by test. If there were to be
a problem associated with this
approach, it would no doubt evi-
-dence itself as a fusion-type prob-
lem. The required qualification test
as outlined in Table 4.2 require two
Reduce Section Tension Tests, and
four Side Bend Tests. Both of these
tests, and the Side Bend Test in par-
ticular, will quickly reveal any prob-
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lem with fusion problems associated
with this technique. A successful
PQR should satisfy the engineer who
is required to approve this proce-
dure.

In Situation Two, the issue is
more complex. A new steel is being
contemplated for construction, and
the claim of the steel producer is
that it can be welded with reduced
preheat levels. It cannot be prequal-
ified because (a) the steel is not
prequalified; and, (b) the preheat
levels are below the prequalified lim-
its. In order to qualify the procedure
for unlimited thickness qualification,
D1.1-96, Table 4.2 requires the test
plate be 1 in. or thicker. The con-
tractor qualifies the welding proce-
dure on 1 in. steel, although the
actual application will utilize 4 in.
thick steel. The actual joint configu-
ration used for qualification testing
is a double V groove butt joint, weld-
ed from two sides. The test plate is
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not preheated prior to fabrication
(although the air temperature inside
the shop where the gualification
testing is being performed is at 70
degree F). After the first weld pass
is applied, the steel temperature
rises well above ambient due to the
thermal energy added by the weld-
ing process. A second weld pass is
applied to the first side. Next, the
plate is inverted and the root pass
made from the opposite side is
gouged out. While the interpass
temperature ig still well above ambi-
ent, the second side of the joint is
welded. Finally, the plate is flipped
one more time, and the first side of
the joint is welded out to completion.
The test plate is subject to all of
the code-mandated tests, and suc-
cessfully meets the code require-
ments. With this information in
hand, the contractor submits the
procedure to the engineer for
approval, claiming that these tests
have proven the weldability of the
new steel, and that no preheat is
required. While it is true that the
code-mandated reguirements have
been fulfilled, the suitability of this
welding procedure for actual fabrica-
tion has not been established. The
relatively small sizes agsociated
with the test plate (17 thick x 14”
minimum wide x 30" minimum long,
according to 1D1.1-96, Figure 4.10) is
not sufficient to duplicate the
restraint or cooling rates that will be
seen in actual structures. These
issues will affect the resultant heat
affected zone microstructure, hydro-
gen diffusion rates, and residual
stress levels - all elements that
affect the possibility of weld crack-
ing. In addition, except for the root
pass, all of the weld passes had the
benefit of the higher interpass tem-
perature. Furthermore, the root
pass that was made without preheat
was gouged out when the second
side was welded. Although no pre-
heat was applied, the steel was at
shop ambient temperature, qualify-
ing a 70 degrees F preheat tempera-
ture, not “no preheat” temperature.
The engineer ought to view the
second WPS with a greater degree of
scrutiny than first. It would be rea-
sonable, for example, to require

-weldability tests (such as: G-BOP,

TEKKEN, or CTS tests) in order to
better understand the likely behav-
ior of this proposed welding proce-
dure. Larger scale, restrained mock-
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ups would be necessary to evaluate
actual restraint and cooling condi-
tions.

‘When WPSs that have been qual-
ified by test are reviewed, there are
three distinct elements of that
review: First, the procedure qualifi-
cation record should be evaluated to
ensure that all the required tests
have been performed, verifying that
the proper thicknesses of material,
positions of welding, and number of
required tests have all been per-
formed. Secondly, the results of the
testing must be examined to be cer-
tain that the code requirements
have been met. The final aspect of
the review is to compare the WPS to
the PQR. This will consist of a com-
parison of the requirements of AWS
D1.1-96, Table 4.5, as it relates fo
any differences between the PQR
and the WPS. Requirements regard-
ing the steels used in testing versus
those listed on the WPS are
addressed in D1.1-96, Table 4.7.

The opinions and explanations
expressed above are the author’s
alone and do not necessarily reflect
the opinions of the AWS or of the

* AWS DI Committee. Officiel inter-
pretations of the D1.1 code can only
be made by the D1 Committee. DI1.1-
96, Annex F, provides information
detatling how an official interpreta-
tion can be obtained.

This article is based on o paper
presented at the 1997 National Stee
[Construction Conference. Duane K.
Miller, P.E., is a senior project leader
and design consultant at The
Lincoln Electric Company’s Welding
Technology Center.In that capacity,
ke assists engineers and fabricators
in welding design and metallurgical
problems.
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ZELE
THE WELDING

RICH
EXPERTSw

The Power Wave 450 was an analog welding system.
New welding features required additional wiring and calibration between the robot
and power source. Weld process controls were found on both the welding

power source and at the robot controller.

#,I".U

The Power Wave 455M is a digital welding system.

[of ,
ité“*fi?@v New welding features can be added without additional wiring or

%g:.%‘i‘ﬂ

W
i

calibration. All weld process controls are accessible from the robot
teach pendant or hard automation control interface.

SPEED OF PERFORMANCE
Delays are reduced, allowing more data to be transferred in less time.

FLEXIBILITY/SCALABILITY
New features can be added to existing equipment through software upgrades,
and new components can easily be added to an existing welding cell.

COST REDUCTION
A single cable between multiple devices is less expensive and more efficient.

SIMPLIFIED EQUIPMENT MAINTENANCE
Calibration between the power source and raobot is not necessary, even after
features are added to an existing system.

PROCESS CONTROLS
All weld process controls are accessible from a single user interface control

panel.

PRODUCTION MOMITORING

High-speed communications enable the use of software 1ools to track
equipment usage and condition, allow configuration of limits and responses
after each weld, and provide storage of thousands of weld summaries.

.NX-1.20 3/06
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Power Feed 10M
Semiautomatic
Wire Feeder

PLC or Hard Automation
User Interface

Power Feed 10R
Robotic Wire

FANUC R-J3 or R-J3iB
Robot Controller

Process
Monitoring

Optional Gateway

Modules

DeviceNet
Galeway

DeviceNet.

Ethernet/
DeviceNet

Gateway

ETHERNET

Process
Monitoring

Internet Power Wave

DeviceNet Compatible Robot
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Use Arcl.ink

For These Applications

Semiautomatic Welding

The new series of Power Feed 10M and Power Feed 25M
semiautomatic wire feeders support ArcLink Digital
Communications.

Robotic Welding
Robots compatible with ArcLink protocol offer
“Best-in-Class” performance through:
+ A robot teach pendant that
- provides access to all of the Power Wave features.
+ eliminates the need for a user panel on the power
source.

- provides detailed power source fault/alarm information.

- enables searches of the procedures that are
programmed in the power source.

+ The ability to switch dynamically among 8 different
welding schedules while welding.

+ An arc start response time of 5 - 10 msec or less.

- Touch-sensing performance that is available with no
additional hardware. Touch-sensing enables search
speeds of 100 mm/sec with 0.045 (1.2 mm) steel wire.

- Full support of Lincoln diagnostic packages through
R-J3iB Ethernet port.

+ FANUC Through the Arc Seam Tracking (T.A.S.T.)
performance, which is available with no additional
hardware to provide updates of actual weld current and
voltages at 250 Hz for improved seam tracking
performance.

ArcLink Compatible Robot Controllers

FANUG R-J3 and R-J3i8

Use DeviceNet

For These Applications

Hard Automation Welding

Power Wave Welding Systems combined with the
DeviceNet or Ethernet/DeviceNet Gateway will
support any DeviceNet Programmabile Logic
Controllers (PLC).

Robotic Welding

For robots not compatible with ArcLink protocol, or for
customers who simply prefer to integrate with
DeviceNet, this protocol offers good performance and
access to most power source features through the
robot teach pendant. DeviceNet robots provide the

“ability to switch dynamically between 2 different

welding schedules while welding.

DeviceNet compatible Robot
Controllers

» FANUC RJ3 and R-J3iB
- ABB, Motoman, and others

DeviceNet Gateway

Use Ethernet

For These Applications

Production Monitoring and Advanced
Diagnostics

These functions are available through the Ethernet
port of the FANUC R-J3iB robot controller, or
through the Ethernet/DeviceNet Gateway Board of
DeviceNet equipment.

Ethernet/DeviceNet
Gateway
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What

s ArcLink?

ArcLink is the leading digital
communications protocol for
the arc welding industry. It
integrates all welding
components for seamless,
time-critical data transfer.
The strength of ArcLink lies
in the ability to communicate-

-with each system component . .

in.a pre-defined welding
language. In addition,
ArcLink is an open
communications protocol,
meaning that Lincoln Electric
publishes. how it works and -
encourages other companles
to adopt it.

ArcLink brmgs modulanty to
welding systems and provides
a single, intelligent connection
. between all modules: An’
ArcLink network can be as
simple as a single stick
welder or as complicated as
robotic installations.

The Arclink Pmtocoﬂ

ArcLink provides flexible
welding options for both
robotic and semiautomatic
applications.

Power Wave 4550 - -

v

The ArcLink
~communications protocol
serves two purposes:

Because of ArcLink,
access lo limit
configuralions, backup
& restare of setlings
and monitoring of arc
time can new lravel
with you on a hand-
held compuler.

Palm™ w/ Weld
Manager

Robotic Power Feed 10R

as.the native device language in Llncoln Electric welding system
components, and as the interface for robotic welding applications. ArcLink
. also allows for networking capabilities through gateways (such as
Ethernet) to allow simultaneous monitoring-of multiple welding cells, which
establishes a means for developing supervisory or monitoring tools.
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Using Arclink

Robotic Integration Application

ArcLink greatly improves the integration of the arc welding
process into automated arc welding systems, as the
advanced features of ArcLink provide process changing
(between 8 weld schedules), file transfer, data acquisition,
and component fault history capabilities.

Semiautomatic Application

ArcLink is used in semiautomatic applications as the method

of communication internal to each welding component.

ArcLink provides many of the same benefits to semiautomatic

applications as it does to robotics, such as:

+ data monitoring

- access 1o all weld process controls from a single user
interface

- ability to boom-mount user interfaces

ArclLink Specifications

« 5-conductor SO-type controf cable with 5-pin connectors
for all interconnections

- Isolated 40 VDC power supply

 Multiple-sourced transceiver

+ Data rate of 125-500 Kbaud

Features

Of ArclLink

File Transfer

« Weld files can be saved, shared, or modified.
Data Acquisition

+ Weld data is collected and stored for
Production Monitoring™ purposes.

Advanced Diagnostics

Power Wave F355i/FANUC RJ3iB is an example of an
ArcLink Rohotic Welding System

e

it
i

iE
|

[

T

5
i
i
)

R SFER LY

Se 4833378t i

B 1z
TuitER dRpaiLed

4

8
£

1
Hi
=3

i

| WIEEE TEaieie ot

|

* ArclLink provides the capability to monitor component - v/
failures system wide. ArcLink Robot ST e TR T
Ease of Installation feach pendant

+ Uses one control cable for communications, component
power, and electrode voltage sensing connections.

* Provides flexibility of physical configuration so that any
component may be connected to any other component in
the system.

Benefits

Of Using ArcLink

ArcLink Robotic systems allow weld mode searches by process
and wire type through the robot feach pendant.

Performance
- Provides a repeatable and reliable method of
communication for time-critical welding applications.

Modular System Configuration
+ Allows for creation of custom welding
system configurations.

» Improves welding performance by increasing the
amount of shared information between welding
system components.

Rugged Hardware

« Establishes a high degree of tolerance for electrically noisy
welding environments.

Scalable System

+ Permits addition of new features and functionality without
changing the existing cabling.

ArclLink Performance Netrics

Performance
(compared to Analog)

50-80 % reduction

Criteria

Arc start/end times
Latency More deterministic
Process switching time 80 % reduction
Part search (through the wire) speeds 100 % faster

Arc current, voltage, and wire feed 500 % faster, for
speed telemetry arc seam tracking
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What . I

is DeviceNet?
DeviceNet is a communications
pratocol widely used throughout

and packaging industries.

In its typical application,
DeviceNet works in conjunction

Controlier (PLC) and several

‘framework for data trafflckmg
and momtormg .

Strong conformance testmg

DeviceNet products. As a
result, users can mix and
match products from-a variety
of-suppliers and integrate
them seamiessly.

Due to its widespread
popularity and its ability to’
intercharige equipment with several vendors meoln Electric emp(oys DeviceNet for hard
cell automation and non-ArcLink compatlble robotic applications. Lincoln Electric Power
Wave 455M and 655R have been tested and found to comply wnth ODVA Protocol
Conformance Test VersuonA 13 o ok

Example af a DewceNet welding system
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Using
DeviceNet

Robctic and Hard Automation

Applications

The Lincoln Electric ArcLink protocal paired with
DeviceNet gateway board and a PLC provide the
ultimate answer to hard-cell automated welding.
Lincoln Electric also employs DeviceNet in specific
robotic welding applications. The Power Wave 455M
and Power Wave 655 Robotic connect seamlessly to
robot controllers and hard automation PLCs.

DeviceNet Specifications

» 24 VDC power

+ 5-conductor shielded PVC control cable
- Single-sourced transceiver

+ Opto-isolator optional

« Data rate of 125-500 Kbaud

Features

Of DeviceNet Gateway

Configuration Software

+ Programs the master/slave relationship between the
PLC and the welding system components.

- Sets the scan rate for the polled input/output.

+ Allows configuration of basic system parameters.

User interface Software

- Provides the user access to all welding
process controls.

« Provides ability to search the weld database.

Open DeviceNet Vendors Association

{(ODVA) Compliance

« Lincoln Power Wave 455M and 655 Robotic have
been tested and found to comply with ODVA Protocol
Conformance Test Version A-13.

Power Wave 4550 with optional
DeviceNet Gateway

Robotic

Benefits
Of Using DeviceNet

tinterchangeable
+ Due to the open construction of the protocol, multiple
vendors’ equipment can be used for replacements.

AIIen-BradIe yTM Panelliew
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Pawer Wave 455M with DeviceNet Gateway
A Typical DeviceNet Welding System Configuration
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What

{s Ethernet?

Ethernet is the networking
champion for information-
layer communications.

Ethernet has been a
‘networking standard for
decades, which translates to
readily available equipment
and an expansive
knowledge base.

The data rate at which an

- Ethernet network operates
provides the ability to pull
large amounts of information .
into’ monitoring and
supervisory applications..

- Ethernet can be networked
over great distances and has
the ability to distribute
information to Local or Wide
Area Networks (LAN or WAN)

Communications between ArcLink and
Ethernet enabile equipment tracking and
production monitoring
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View Process Details to Yerify Process Selection
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Using Ethernet

Ethernet Data Acquisition

Ethernet has proven itself as a robust communications
protocol, able to collect large amounts of data over
small time intervals, and able to broadcast that
information over local or wide area networks

(LAN or WAN).

Information storage on a LAN or WAN provides the
ability to monitor and control all equipment from a single
desktop computer.

Production Monitoring™

Each welding system component is assigned an
Internet Protocol (IP) address. Groups of addresses are
termed “subnets”. Ethernet records data from each
subnet, allowing for equipment tracking. Software tools
that detail allocation of resources such as consumables
used or time spent welding per machine are available.

Features

©f Production Monitoring

Management Utilities

- Keep track of equipment usage and condition.

» Allow configuration of limits and responses after
each weld.

+ Provide storage of thousands of weld summaries.

Advanced Configuration and Diagnostic
Features
» Track equipment fault and alarm histories.

Multiple Machine Management

- Access data through a LAN or WAN to
manage the software of a large number of
machines simultaneously.

+ Upgrade software of all machines from one location
instead of individual machine upgrades.

« Tools for creating customized Ethernet
interface applications.

Benefits

Of Ethernet Gateway

Fast Data Rate

« Operating at a baud rate of 10-100 MHz, Ethernet

relays communications faster than low-level
control protocols.

Standard Top-Layer Protocol
« Standardized physical connections are commercially
available and inexpensive.

Networking
+ Ethernet maintains high-speed performance over
long distances, allowing for network capabilities.
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View Robotic, Hard Cell, and
Semiautomatic Equipment Simultaneously

Event logs display faull and alarm conditions
of each machine component

Training: Automated feature that recards the
values of a lest weld and uses those valugs as a
baseline for the limit on future welds.

Production Monitoring allows user to configure limits

and responses after each weld

rhgdhdeadnbde
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The Weld History records thausands
of weld summaries
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Lincoln Welding Systems featuring Digital Communications
Power Wave Welding Systems: Simple. Innovative. Technologically Advanced.

Power Wave 455M Robotic,
Power Wave 455Ni/STT Robotic

nrcl!.ink =V DeviceRlet MEthen’neﬂ:

These Power Waves are designed to be part of a
modular, multi-process welding system.

* The Power Wave 455M Robotic and 455M/STT
Robotic are high performance, digitally controlled
inverter welding power sources capable of complex,
high-speed waveform control.

- Digital Communications enable the Power Wave to
connect seamlessly to robot controliers and hard
automation PLCs. Semi-automatic applications are
also supported.

» Optional DeviceNet and
Ethernet communication
modules provide networking
capabilities and allow
process and production
monitoring.

» Software-based controls can
be upgraded as new
features become available.

Power Wave 655 Robotic

%rcﬂ.innk !y/lmevécemet Etherneﬂ:

The Power Wave 655R was designed for Robotic and Hard
Automation applications that require extra power (650 Amps
at 100 % Duty Cycle)

» Digital Communications enable the Power Wave to
connect seamlessly to robot controllers and hard
automation PLCs. Semi-automatic applications are
also supported.

* The Ethernet/Device/Net Gateway provides networking
capabilities and allows
process and production
monitoring.

- Software-based controls
can be upgraded as new
features become
available.

« The Power Wave 655R
has an output range of
20-880 Amps.

Power Wave 355M/Power Feed™ 10M

The Power Wave 355M is the smaller, lighter version of the
Power Wave 455M —~ same machine, just leaner and lighter.

4 Arclink i Ethernet

* The Power Wave 355M/Power Feed™10M welding
system is factory programmed with over 60 standard
welding programs to optimize the arc for a variety of
materials or applications, including steel, stainless steel,
aluminum, nickel alloys and others.

ArcLink Digital Communication between components
allows unprecedented waveform controf and expansion
capability. Simply select
a program and you have
the right arc
characteristics for your
application.

The software is
upgradeable, so your
Power Wave 355M will
grow with your business.
If you want to reduce
costs by buying a
versatile machine that
will do multiple jobs and
last for years to come,
the high efficiency Power
Wave 355M delivers.

Power Feed™ 10M

Power Feed 10M is a compact wire feeder designed
for use with Power Wave power sources.

Some of the features of the Power Feed 10M include:

* Push-pull system

* New MSP 4 User Interface

» 36 Segment Digital Display

» Limit Settings

+ Lock Out Control

* Arc control settings for all processes

+ Palm OS based hand held computer access to:
» Limit configuration
» Back-up
« Diagnostics




WO 2014/140771 PCT/IB2014/000357
50

__DIGITAL COMMU cATIONS TEGHNOLO,GY

vons"Products;

Digital Communicat

Lincoln Welding Systems featuring Digital Communications
Power Wave Welding Systems: Simple. Innovative. Technologically Advanced.

Power Wave® AC/DC 1000™

vcﬂ.ink W/Deviceme& E&hen‘neﬁ

The Power Wave AG/DC 1000 is a modular welding
system with a single range of control from 100 to 2500
Amps per arc at 100 % duty cycle

The Power Wave AC/DC 1000
provides:
» DC+, DC- and Variable
frequency up to 200 Hertz
* Flexible Waveform Control
+ Variable Frequency
- Variable independent
amplitudes
« Variable timing
* The Power Wave AC/DC
is 100 % software
controlled

Power Feed Wire Feed Systems
¢ Power Feed 10M

rcﬂ.ink

This compact wire feeder is designed for field construction,
4 pipelines, offshore, and shipyard applications. The Power

H Feed 10M is essential for applications where portability,

: ruggedness and arc
performance are
demanded. It is designed
to work exclusively with
the Power Waves.

" Power Feed 10R

Mrclink

i The Power Feed 10R is a high performance, digitally
i controlled, modular wire feeder designed to be a part of a
1 modutar, multi-process welding system.

1 It is specifically designed to mount to a robot arm or to use in
hard automation applications in various types of industries.

i} This four drive roll feeder operates on 40 VDC input power

H and is designed to be used with ArcLink Robotic Power

% Wave power sources.

il Close integration of the
i feeder, power source,
i and customer’s

B equipment create the
i foundation for a system
H with superior welding

B performance and

§ reliability.

Power Wave F355|

./Arcﬂ.nnk &herne&*

The Power Wave F355i is fully integrated with the FANUC
ARC Mate™ R-J3iB controller and designed for the most
demanding robotic applications.
« This compact unit delivers 350 Amps @ 60% duty

. cycle for MIG, Pulsed
MIG or Flux-Cored
welding applications.

» The Power Wave
F355i/ARC Mate
R-J3iB communicates
via ArcLink™, allowing
all welding procedures
and process controls
to be managed
through the ARC Mate
robot teach pendant —
one central control for
setup, process control
and diagnostics.

* Ethernet access is available through
the Ethernet port of the R-J3iB
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Lincoln Welding Systems
featuring Digital Communications

Power MIG 350MP
4 Arclimic

The Power MIG 350MP -~ a single phase,
muilti-process, synergic wire feeder
welding package for the professional
welder.

The Power MIG 350MP offers:

« Superior multi-process welding.

» Synergic design for ultimate control over
the arc, by automatically aligning wire
feed speed and voltage.

» Top-quality aluminum welds with push-
pull wire feed capability, not usually
available in competitive models.

* True MIG pulsing and Pulse-on-Pulse™
capabilities, which ensure that superior
feeding is matched by high quahty arc
performance. 2

‘Note: Ethernet and Production Monitoring are not an option on the
Power MIG 350MP digital welding system.

Customer Assistance Policy

The business of The Lincoln Electric Company is manufacturing and selling high quality welding
equipment, consumables, and cutling equipment. Our challenge is to meet the needs of our
customer and to exceed their expectations. On occaslon, purchasers may ask Lincoin Electric for
advice or information about their use of our products. We respond to our customers based on the
best information in our passession at thal lime. Lincoln Electric is not in a position to warrant ar
guarantee such advice, and assumes no fiability, with respect to such information or advice. We
expressly disclaim any warranty of any kind, including any warranty of fitness for any customer’s
particular purpose, with respect to such information or advice. As a matter of practical
consideration, we also cannot assume any responsibitity for updating or correcting any such
informalion or advice once it have been given, nor does the provision of information or advice
create, expand or alter any warranty with respect to the sale of our products.

Lincoln Electric is a responsive manufacturer, but the selection and use of specific products sold
by Lincoln Electric fs solely within the control of, and remains the sole responsibility of the
customer. Many variables beyond the control of Lincoln Electric affect the results obtained in
applving these types of fabrication methods and

service requirement.

Subject to change - This information is accurate to the best of our knowledge
at the time of printing. Please refer to www.lincolnelectric.com for any updated information.

* WHAT 1S NEXTWELD?

The challenges facing industrial
fabricators today are growing in number
and complexity. Rising labor, material
and energy costs, intense domestic and
global compstition,
a dwindling pool of
skilled workers

specrf/c quality
demands alf
contribute.to a
- more difficult

. Weld/ng

' enwronment today.

i Through our
commltment to -
Uexte sive research and investments in

uct development Lincoin Electric

L has. establlshed an industry benchmark

{for aj plying technology to improve the
qua//ty, lower. the cost and enhance the

9
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From Wikipedia, the free encyclopedia

This is a list of welding processes, separated into their respective categories.
The associated N reference numbers (second column) are specified in ISO

PCT/IB2014/000357

ing processes

4063 (in the European Union published as EN ISO 4 063).!"} Numbers in

parentheses are obsolete and were removed from the current (1998) version of
ISO 4063. The AWS reference codes of the American Welding Society are

commonly used in North America.

Contents

@ | Arc welding
m 2 Oxyfuel gas welding
m 3 Resistance welding
8 4 Solid-state welding
@ 5 Other welding

@ 6 Notes and references
@ 7 See also
8 External links

Arc welding

[2]

Name N | AWS | Characteristics Applications
Atomic clectrodes i |
hydrogen (149)| AHW Historical
: hydrogen
welding
atmosphere
Bare metal Consumable
; (113)|BMAW [electrode, no flux  |Historical
arc welding o
or shielding gas
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Carbon arc Carbon electrode, e
welding (181)[CAW historical Copper, repair (limited)
Continuous
Flux cored |136 ggﬂzwv- consumable Ind truct;
arc welding 137 3 electrode filled ndustry, construction
with flux
Gas metal Continuous
' - 131 ‘consumable
%150 welding 135 GMAW electrode and Industry
shielding gas
Gas tungsten Nonconsumable .
arc welding |141 |GTAW |electrode, slow, | -crospace,Construction
4] high quality welds (piping),Tool and Die
Nonconsumable .
Plasmaare |15 IpaAw |electrode, Tubing,
welding constricted arc Instrumentation
Consumable
Shielded electrode covered
metal arc 111 |SMAW in flux, can weld  |Construction, outdoors,
1dine ¥ any metal as long |maintenance
welding as they have the
right electrode
Submerged Automatic, arc
arc wel dgin 121 |SAW |submerged in
& granular flux
" {both tube ends are
Magnetically electrodes; no
Impelled 185 |MIAB protection gas; arc pipelines and tubes
Arc Butt rotates fast along
edge by applied
magnetic field
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Oxyfuel gas welding
Name N |AWS Characteristics | Applications
Air apetylene (321)| AAW Chemical welding process, Limited
welding not popular
Combustion of acetylene
Oxyacetylene with oxygen produces high- | Maintenance,
: 311 |OAW| . )
welding temperature flame, repair
inexpensive equipment
Oxygen/Propane Gas welding with
: 312
welding oxygen/propane flame
Oxyhydro gen 313 |logw Cgmbustlon of hydrogen Limited
welding with oxygen produces flame
Pressure gas Gas flames heat surfaces Pipe, railroad
ure g PGW |and pressure produces the pe, Tall
welding weld rails (limited)

Resistance welding

Name N| AWS Characteristics Applicatﬁons
' : Automobile
. Two pointed electrodes apply |.
Resistance 21|RSW |pressure and current to two or industry,
spot welding : : Aerospace
more thin workpieces )
industry
Resistance Two wheel-shaped electrodes |Aerospace
seam 22|ERW |roll along workpieces, industry, steel
welding applying pressure and current |drums, tubing
Proj e.ctlon 23|pW
welding
Flash 24|FW
welding
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Upset Butt joint surfaces heated and
welding 125 !RSEW brought together by force l ‘
Solid-state welding
Name N |AWS Characteristics Applications
Joining of
Coextrusion Dissimilar metals are CoITOS10N
weldin CEW |extruded through the same  |resistant
& die alloys to
“|cheaper alloys
Cold pressure _ Joining of soft al.lo_ys such as Electrical
. 48 |CW |{copper and aluminium below
welding . . : contacts
their melting point
Titanium
Ditfusion 45 |DFW [No weld line visible pump
welding impellor
wheels
Transition
Joining of dissimilar Jc(illélrtr?igz
Explosion 441 |EXW materials, e.g. corrosion industrv and
welding resistant alloys to structural . btr}l/ din
steels Sh.lp ul'cing.
Bimetal
pipelines.
Tubes or sheets are gléﬁ)smotlve
e accelerated by by,
Electromagnetic : pressure
; electromagnetic forces.
pulse welding . . vessels,
Oxides are expelled during Co
impact dissimilar
P material joints
The oldest welding process in Damascus
Forge welding |(43)|FOW |the world. Oxides mustbe | teela
removed by flux or flames.
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Friction Thin heat affected zone, ﬁlzﬁ)sspace
: 42 |FRW |oxides disrupted by friction, |__ . oy,
welding . railway, land
needs sufficient pressure
transport
Shipbuilding,
aerospace,
Friction stir FSW A rotating consumable tool is [railway
welding traversed along the joint line |rolling stock,
automotive
industry
Metals are pressed together at
Hot pressure elevated temperatures below |Aerospace
: HPW . e
welding the melting point in vacuum |components
or an inert gas atmosphere
Hot isostatic A hot inert gas applies the A
.S erospace
pressure 47 |HPW |pressure inside a pressure
. . components
welding vessel, i.e. an autoclave
Bimetallic materials are Dissimilar
Roll welding ROW |joined by forcing them materials
between two rotating wheels
Solar
" High-frequency vibratory industry.
ggﬁfﬂm 41 |[USW |energy is applied to foils, thin|Electronics.
g metal sheets or plastics. Rear lights of
cars.
Other welding
Name N |AWS Characteristics Applications
Electron . :
beamn 51 EBW Deep penetration, fast, high
: 511 equipment cost
welding
Electroslag Welds thick workpieces Heavy plate
: 72 |ESW | . . 0 E
welding quickly, vertical position, steel |fabrication,
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only, construction
continuous consumable Construction,
electrode. shipbuilding.
Flow
welding
Indugtlon 74 1w
welding '
Laser beam |521 LBW Deep penetration, fast, high Automotive
welding 522 equipment cost industry
Combines LBW with GMAW Automotive
Laser- in the same welding head, able oy aaae
: ) Shipbuilding,
hybrid to bridge gaps up to 2mm
: . Steelwork
welding (between plates), previously not industries
possible with LBW alone.
Following an electrical
Percussion 77 |PEW discharge, pressure is applied Svgirg})lon::rts of
welding which forges the materials &

together devices

Exothermic reaction between

Thermite 71 {TW |alumnium powder and iron Railway tracks

welding oxide powder
Continuous consumable
Electrogas ) e s Storage tanks,
: 73 electrode, vertical positioning, Lo
welding steel only shipbuilding
Stud arc 78 Welds studs to base material
welding with heat and pressure

Notes and references

1. ~ ISO 4063: "Welding and allied processes - Nomenclature of processes and
reference numbers" (1998)

2. ~ "Welding Inspection Handbook", 3rd edition, American Welding Society,
ISBN 0-87171-560-0, Miami, FL, pp. 10-11 (2000)

3. ~ Also known as metal inert gas (MIG) welding or metal active gas (MAG)
welding.
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4. ~ Also known as tungsten inert gas (TIG) welding.
5. ~ Also known as manual metal arc (MMA) welding or stick welding.

& Cary, Howard B. and Scott C. Helzer (2005). Modern Welding Technology.
Upper Saddle River, New Jersey: Pearson Education. ISBN 0-13-113029-3.
Lincoln Electric (1994). The Procedure Handbook of Arc Welding. Cleveland:

Lincoln Electric. ISBN 99949-25-82-2.

See also

Welding

List of welding codes

= [[Symbols and conventions used in welding documentati
laser cladding

External links

Welding process information (http://www keytometals.com/page.aspx?
ID=CheckArticle&site=kts&NM=75)

Resistance welding process information
(http://www keytometals.com/page.aspx?
ID=CheckArticle&site=kts&NM=76)

Retrieved from "http://en.wikipedia.org/w/index.php?
title=List_of welding_processes&oldid=544334935"
Categories: Welding | Technology-related lists

& This page was last modified on 15 March 2013 at 10:17.

m Text is available under the Creative Commons Attribution-ShareAlike
License; additional terms may apply. See Terms of Use for details.
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc.,
a non-profit organization.
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CLAIMS
1. A welding system (200) comprising:
a welder (202),
a wire feeder (230);
a welding torch (240);

characterized by a first NFC tag (206) attached to the welder (202) that generates a first
signal indicative of calibration data for the welder (202);

a second NFC tag (236) attached to the wire feeder (230) that generates a second signal
indicative of calibration data for the wire feeder (230); and

a third NFC tag (248) attached to the welding torch (240) that generates a third signal in-
dicative of calibration data for the welding torch (240).

2. The welding system of claim 1 wherein the first NFC tag (206) is passive, or wherein the first
NFC tag (206) is active.

3. The welding system of claim 1 or 2 further comprising a motor for pushing or pulling welding
wire (132) to the welding torch (240).

4. The welding system of claim 3 wherein a fourth NFC tag that is passive is attached to the

motor and generates a fourth signal indicative of calibration data for the motor.

5. The welding system of one of the claims 1 to 4 wherein said calibration data for the welder

(202) is written into said NFC tag with a portable computing device.

6. The welding system of one of the claims 1 to 5 further comprising a shielding gas source
(220).
7. The welding system of claim 6 wherein a fourth NFC tag (502) is attached to the shielding

gas source (220) and generates a fourth signal indicative of calibration data for the shielding

gas source (220).

8. A method of calibrating the components of a welding system (200), in particular according
to one of the claims 1 to 7, characterized by:
attaching to each component of the welding system (200) an NFC tag (206, 238, 248,...)
that is capable of generating a signal indicative of calibration data for the component to
which the NFC tag is attached;
scanning the NFC tag attached to each component;
confirming the calibration data for each component resulting from the scanning step;
selectively modifying the calibration data for at least one component; and
writing modified calibration data into the NFC tag of the at least one component by placing a
portable computing device in the proximity of the NFC tag attached to the at least one
component.
9. The method of claim 8 further including the step of encrypting the modified calibration data.



10.

1.

12..

13.

14.

15.
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The method of claim 8 or 9 wherein the at least one component is a welding torch, a motor,

a wire feeder and/or a welder.

The method of one of the claims 8 to 10 further including the step of accessing the calibra-
tion data of a component of the welding system by scanning the NFC tag attached to the
component by placing a portable computing device in the proximity of the attached NFC tag.

A method of assigning welding devices addresses on a network comprising:

identifying a set of welding devices to be linked to the network; characterized by:

attaching a separate NFC tag to each welding device;

scanning the NFC tag attached to each welding device to obtain identification data for each
welding device;

assigning a unique network address to each welding device; and

writing the unique address data for a welding device into the NFC tag attached to said weld-
ing device.

The method of claim 12including the step of linking a first welding device to a second weld-

ing device.

The method of claim 13 wherein the first welding device is a robot and the second welding

device is a robot controller.

The method of claim 14 wherein the identification data of the robot includes information
identifying said robot controller, wherein preferably said information identifying said robot

controller includes the physical location of said robot controller.



PCT/IB2014/000357

WO 2014/140771

1/9

14Y 4014d

({ 05} 1 94
20
. 25
90} il m7 Ph
w (2(E\ S
NV )E L w s
=g T~ ¥ITI0HINOD %
430334 ¥IMOd IndIno'|  /ATddNS ¥IMOd
I e~ - 394N0S
- m ¥IMOd LN Y43M0d
ASOWIN
) : )
(" 4]
M
- ol -
304N0S 38108
4N SV
)

Sv9
i \ﬂ




PCT/IB2014/000357

WO 2014/140771

2/9

¥3M0d 1NdLN0 ;“’

¢

i
N

-
43mM0d LNdLN0

Y3TI0HLNOD
/ A\1ddNS ¥IMOd

0}
052
mv B
0
%
ﬂ‘
904 (25
WO 3034
.MI PIM
02
4N
-
82~ 30un0s
J4IM
2

~
Sm

AYOW3W

-

b0z

H%
ﬁeN
374N08
el
¥3IMOd 1NN 43IMod
P ow’ w
902
0 0z
N
b
304N08
6v9

SY9
i h

0z



WO 2014/140771

3/9

PCT/IB2014/000357

[sz " Nsoz
READ [) _ 04
W NFC -~ NFC .y
Mgy PS b o
¢ WRmE |
s 06
FIG. 3A
0
[\/310 e N
I;sEsAD (‘) _ 3%
W~ e (o NFC
Mty PS - 306 s
C WRITE 0

38




WO 2014/140771 PCT/IB2014/000357
4/9

L
NFC v u
L T~ 404
260\ N
FIG. 4
502
NG
I o NIY

602 D




WO 2014/140771 PCT/IB2014/000357
5/9

0 702

' NFC
m—— 104

246

N
( 1 J
m
802\)(4 NFC VENORY [ TN—204

\_,

_— 806
804 —

N ps

.  HG.8




WO 2014/140771

230
S

/
W

PCT/IB2014/000357

6/9

NFS

FIG. 9
1000
\ /r -.-_\
1002
3
0 N,

FIG. 10



WO 2014/140771 PCT/IB2014/000357
7/9

1100

PLACENFCDEVICEOR | ~ 1102
—>  TAG FROM LINCOLN
NEAR WELDING EQUIPMENT

¢

WELDING MACHINE
PROCESS DATA

|~ 10

1106

YES
1108

WELDING MACHINE
UNLOCKS EXTRA FUNCTIONALITY

NFC DEVICE
( LICENSE ) PRESENT ?

LOCK THE EXTRA

ALLOW USE OF EXTRA
FUNCTIONALITY

FUNCTIONALITY

)

1114

L1112

FIG. 11



PCT/IB2014/000357

WO 2014/140771

8/9

gl 3

£ 0300V
INIWAIND3 MaN Q3Lvy8v) _zws_m_i
sl 15 *
¥30Y3 94N HLIM
s~ INaWdno3 ONTIM L
26— | 35079 391A30 94N 39Vd
}z Ndifio3 40 WYINOD 0L 39IA30 24N NO
SIIOAdMINNG | o
qisi—S | OVLOINNYIS JYVMLIOS HLIM LOVHILN
~k
ny
391A30 94N ONISN
WILSAS ONIGTIM NI
015K S9YL 24N TIV NVIS

dNL3S W3LSAS ONIQTIM

¢l 4

9VL JINHIVLLY L

9v1 34N 0L V1vd
NOILVDI4ILNICI/ NOILYYSITV)
JLI4M FOIA30 34N NV ONISN

INJWdIND3
40 3031d 3LVN8ITY

AN3IWdIND3 40 NOILYYEINYD



WO 2014/140771 PCT/IB2014/000357
9/9

| IDENTIFY WELDING EQUIPMENT ‘ _1550
THAT BELONGS IN THE NETWORK

|

SCAN EACH PIECE OF EQUIPMENT (\/ 1551
USING NFC DEVICE
( PHONES, TABLE, COMPUTER, ETC. )

|

INTERACT WITHSOFTWARE |\ _1592
RUNNING ON NFC DEVICE
TO EITHER AUTOMATICALLY
OR MANUALLY SET UP THE NETWORK.

|

TRANSFER NETWORK SETUP 1553
DATA BACK TO EQUIPMENT
( THROUGH NFC OR OTHER MEANS )

NOTE THAT NETWORK COULD BE WIFI, ETHERNET, BLUETOOTH, CAN, ETC.

FIG. 14
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