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THE WELDING EXPERTS

WAVEFORM CONTROL TECHNOLOGY™

Power Wave AC/DC Submerged Arc

Welding Systems

The Power Wave AC/DC
welding system is designed to
provide superior results over a
wide range of Submerged Arc
applications. The system can

be configured for single, tandem,
or multi-arc applications with up
to five arcs.

Experience the advantages of
Waveform Control Technology™
in Submerged Arc Welding
applications. Waveform selection
provides the opportunity for
greater deposition, as well as
unparalleled control of heat input
and penetration. This unique
offering is the only system on
the market that combines higher
deposition, controlled heat input,
and controlled penetration for
single to multi-arc applications.
The added flexibility and control
enables the welder to perform in
the most demanding applications
that challenge older technologies.

What does this mean to you?
More flexibility.
Increased productivity.

Increased profitability.
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INCREASED TRAVEL SPEED

* High bandwidth digital controls give more stability and allow faster travel
speeds. These speeds dramatically reduce cycle times, increasing the
number of parts that can be made per day.

INCREASED DEPOSITION

* Fast-fill joints have achieved deposition increases of up to 30% over
traditional technologies.

INCREASED FLEXIBILITY

* A system interface controls the phase relationship between the arcs, which
allows up to five arcs to contribute to the same weld, without experiencing
arc blow.

* A wider range of materials and joint geometries can be welded with the
AC/DC system.

WIDER RANGE OF OPERATION

» Waveform Control Technology™ allows precise control of the waveform,
producing greater stability over a wider range of operation.

Patented. This product is protected by one or more of the following United States patents: 6,809,292;
6,795,778; 6,700,097; 6,697,701; 6,683,278; 6,660,966; 6,600,134; 6,683,278; 6,596,570; 6,570,130;
6,536,660; 6,489,952; 6,472,634; 6,636,776; 6,486,439; 6,441,342; 6,365,874; 6,291,798; 6,207,929;
6,111,216; 4,927,041; 4,861,965 and other pending U.S. patents. Similar patents are maintained in

other countries.
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Power wave AC/DC 1 000 The Power Wave AC/DC is the first power source to

bring Waveform Control Technology ™ to submerged
arc welding. The Power Wave AC/DC 1000 is
capable of producing a variable frequency and
amplitude, AC output, a DC+ output, or a DC- output.
This allows the welding procedure to be optimized
for either high deposition, high penetration, or
fast-follow applications.

The Power Wave AC/DC 1000 is a high performance,
digitally controlled inverter power source capable of
complex, high-speed waveform control. For multiple
arc applications, the phase angle and frequency of
different machines can be easily synchronized, which
provides unprecedented welding performance in
multi-arc applications.

For applications that require more than 1000 amps of
continuous operation, the Power Wave AC/DC 1000 is
a modular design that allows machines to be easily
paralleled. This means that depending on the output,
a welding arc may be driven by a single machine or
multiple machines in parallel.

ADVANTAGES
Adjustable AC Waveforms

Waveform Control Technology allows unlimited control over an AC wave shape. The balance (percentage of time
in the positive polarity portion of one cycle), and offset (positive and negative amplitudes) can all be independently
controlled. This allows a waveform to be tailored for any application.

Stable Multi-Arc Welding

The Power Wace AC/DC is the only power source with an adjustable phase relationship and frequency. This
allows the ability to set the machine and reduce arc interference, arc blow, etc. When welding arcs are in close
proximity to each other, the arc’s magnetic fields interact with each other (arc blow) and can become unstable.
To reduce arc blow instability, the Power Wave AC/DC 1000 is the only power source with an adjustable phase
relationship and frequency.

High Efficiency Inverter

An efficiency rating of 86% and a power factor of 95% gives the Power Wave AC/DC 1000 the highest efficiency
and power factor rating of any submerged arc power source. The result is drastically reduced electricity costs,
electrical capacity requirements and installation costs.

High Current Capabilities

A modular design provides the ability to easily parallel power sources. This enables multiple Power Wave AC/DC
1000 machines to deliver power, collectively, to one or more welding arcs.

Three-Phase Input

Unlike previous AC submerged arc power sources, the Power Wave AC/DC 1000 uses three phase power.

This eliminates the load balancing problems associated with the high curent, single phase requirements of other
machines. The simple three phase input connection does not require special configurations like a cyclo-converter
power source, nor does it require Scott connections.
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Power Wave AC/DC 1000 Features

PC Boards are potted in pro-
tective trays. All electrical con-
nections are sealed against
dust and water.

Impeller Cooling Technology™

The impeller fan creates a high-pressure
chamber, which forces airflow across
the heated components in the machine.
This technology improves airflow
200-300% over conventional fans.

All Power Wave AC/DC machines come
standard with an Ethernet/DeviceNet
Gateway Module. This allows the
Power Wave to be accessed easily for
remote viewing and operation, or for
factory automation integration. This
versatility offers the user the option to
streamline configuration and
commissioning of the system. In
addition, diagnostics and software
capabiltities ease troubleshooting and
future upgrades.

Copper Heat Sinks

Highly conductive copper
removes the heat given off
by the machine. The larger
surface area increases the
heat transfer, which keeps
the machine operating within
a normal temperature range.
Cooler operation improves
machine performance

and reliability.

Coaxial Transformer Technology™

provides the highest inverter power
capabilities on the market. A high
efficiency rating delivers reduced
energy costs, and reduced stress
on components.
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Power Feed 10A Features

The Power Feed 10A is based on the traditional NA-5 -
and Power Feed 10 user interface. Now, all controls are U St ke
accessible from one station, and are displayed on the OB ""“"’«\ P N
digital readout. The Power Feed 10A communicates - (@ | '

using ArcLink, and can easily integrate with custom
controls and PLCs, in multiple configurations.

Two control knobs can increase or
decrease Wire Feed Speed (WFS),
Voltage, and Amps. Any of these
adjustments can be made “on-the-fly”.
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The switch panel can also be used
as a remote pendant. From here, start
and stop the weld, inch the electrode
wire, activate the flux hopper, and
control travel.

Memory panel can
store up to six welding
procedures.

Limits are set from the
memory panel.

On-the-fly procedure
changes can be made.

ADVANTAGES

POWER FEED 70A

One Location for all Operator Controls

/\ 5-Pin Weld Mode, Current, Voltage, Wire Feed Speed,
€ ArcLink and Waveform Control are all accessible from the

14-pin ,
Remote —>» ]
Control . XY +

P e

TC-3 Tl'_avel 3-Pin Flux Power Feed 1 OA

Carriage  Hopper

Security
For procedure security, operator limits can be set from
the Power Feed 10A memory panel and passcode
Left Pushbutton: Right Pushbutton: protected through the PC Lockout application.
* Selects Weld Mode e« Sets Start Options: Memory Panel
based on weld Strike WFS and Volts, Each of the six memory panel buttons can store a
procedure and wire Start WFS, Volts, Time weld procedure.
diameter 3tarlt ArcTIforce Versatility
. . pslope Time . ] i ) ) .
g:tIZrﬁ:i CI: gt(r)::set « Sets End Options: Various configuration options are possible with the
’ ’ plions: remote pendant feature, and I/O capatibility.
Frequency Downslope Time e e
Crater WFS/Amps, Rel'ab'l'ty
Volts, Time, Arc Force Designed for a rugged environment, the potted PC

Burnback Time boards are water-tight and dust resistant.
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Power Wave AC/DC and Power Feed 10A

Configuration Options

Accessories

Power Feed 10S (K2370-1)
(3/32 to 7/32 in. solid wire)
The Power Feed 10S includes:

* wire feeder head with straightener for solid wire
e flux hopper with automatic valve

¢ head mounting

* cross seam adjuster

This package does not include control box or wire reel brake
and mounting.

Power Feed 10SF (K2312-1)
(3/32 to 7/32 in. solid wire)

Use the Power Feed 10SF for machinery and fixture
builders. The fixture mount wire drive assembly includes:

* motor

e gearbox

e drive rolls

e guide tubes

e straightener for solid wire

This package does not include head mounting, electrode
cables, cross seam adjuster, flux hopper or pointer.

TC-3 (K325x)

The self-propelled travel carriage carries the wire feed head
and Power Feed 10A in either direction on a beam. It can K2312-1
operate automatically with the weld controls, or manually. Power Feed 10SF
The TC-3 comes in two speed ranges (S and F) in standard

or high capacity (HC) models. The standard carriage is

equipped for one wire feed head, and the high capacity

carriage is for multi-head systems.

e S: 5-75ipm (0.1-1.9 m)

* F: 15-270 ipm (0.4-6.9 m) ~
Programmable Logic Controller (PLC) L
The Power Wave AC/DC 1000 and Power Feed 10A can o

easily integrate into a customer-supplied PLC system.

K2370-1
Power
Feed 10S

Motion of the TC-3 can be controlled from the PLC, while System Interface (K2282-1)

individual weld controls such as mode selection, amperage,
and voltage are still controlled from the Power Feed 10A.

System Interface (K2282-1)

This external controller is required for multi-arc applications.
The arc-to-arc interaction is controlled by offsetting the
phase relationship, as each arc is added.

Power Feed 10SM MotorConversion Kit

This ArcLink motor retrofit kit is to be used with the NA
Series Gear Head. It replaces the existing motor on the
NA3/4 or the NA5 wire feed head.
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AC/DC Submerged Arc — Single Arc Configuration

Typical AC/DC Submerged Arc Example
Electrode Studs Work Studs ~ Arclink (5 Pin) Wire Feeder (14 Pin)

The Power Wave AC/DC 1000
combined with the Power Feed 10
SF Head and Power Feed 10A
Controller provide up to 1000
amps for single arc applications.

Travel Carriage Connection

Flux Hopper Connection

Single arc AC welding increases /
productivity over single arc DC+ "
polarity welding, with increased
resistance to arc blow.

K1543-XX
ArcLink
Control

Cable K2362-1

K1785-XX Wire Feeder
Control Cable

Work Cable(s)
Electrode Cable(s)

Wire Reel
and Mounting

> K231-XXX Electrode Sense Lead (67)

Work Piece
14 Pin Connector

67 Lead
Work Sense Lead (67)

Recommended Equipment Optional Equipment

System - .- Qty.
Identifier Part No. Description Required System Component
K2344-1 ;
PLC it lied
Power Source or Power Wave AC/DC 1000 Power Source 1 (customer supplied)
K2344-2 Ethernet Switch (customer supplied).
Required for arcs > 1000A or with use of the Submerged
Power Feed 10S Head for 3/32 to 7/32 in. solid wire Arc Software Suite.
K2370-1 (includes hopper, wire straightener, cross seam
B adjuster, and head mounting hardware) Computer (customer supplied). Required for use of the
Head K2:§1r2 ; or 1 Submerged Arc Software Suite.
: Power Feed 10 SF Head for 3/32 to 7/32 in. solid wire ]
Fixture Builders Head (Insulators not included) K325-x TC-3 Travel Carriage
Control Box K2362-1 Power Feed 10A Controller 1 K96 Horizontal Lift Adjuster
ArcLink I_3|g|FaI ArcLink Cables (5-pin) from Power Feed 10A Controller K29 Vertical Lift Adjuster
Communication | K1543-xx 1
to Power Source )
Cable K299-1 Wire Reel Assembly
Welding Cables K2163-xx or| Weld Power Cables from the Power Source to the con- 5
9 K1842-xx tact Nozzle and from the Power Source to the Work
Power Source Feeder Control Cable (14-pin) from the Head to
to Head K1785-xx p 1
the Power Source
Control Cable
Torch K231-xx Submerged Arc Contact Nozzle Assembly 1

Descriptions in BOLD are as they appear in the Lincoln Electric Price Book.
The Work Sense Leads are not Lincoln Electric orderable parts. Customers must extend appropriate sensing leads from the power source to the work.

XX is a placeholder for the length of the cable. Based on the distance between welding power supplies, the values for XX could be 12, 25,50, etc. Cables can be connected end to end to create longer lengths.

XXX is a placeholder for the wire diameter of the application.
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AC/DC Submerged Arc — Tandem Arc Configuration

Typical AC/DC Submerged Arc Example Wire feeder (14 Pin)

Master Input (S12) "'\\_
The Tandem arc system provides two ArcLink (5 Pin) X3 connlecttsrf to Syterq_f_ .\
1000A arcs, which can be configured ,/[iﬁ_g )\ ernace '

as an AC/DC or and AC/AC system.

The advantage of the Power Wave AC/DC
1000 tandem and multi-arc systems is the
control over the phase relationship.

When two welding arcs are running close £l
« N ectrode Studs
together, an anomally known as “arc blow ,
the magnetic fields created b Wire Freel and
OCCUIjS as 9 y Mountings
the high currents repel each other and N oLk O
actually blow molten metal out of the V’\;ﬂf‘fjx Koogo-p  Arehink Output
Ire Feeager :
K1543-XX ArcLink Control Cables
weld pUddle' Control Cables
1 Travel Carriage Connection
The Power Wave has the ability to Work Cables )
. . . Flux Hopper Connection
synchronize the phase relationships
. . 14 Pin Connector
between multiple arcs allowing

unprecedented control over arc blow.
Conventional welding equipment is limited
to a 1 or 2 phase relationship. The Power
Wave AC/DC is the only machine where 67 Lead
the phase relationship can be controlled 27 Lead
from zero to 360 degrees.

ArcLink Connection

Electrode Cables

Work Piece
Work Sense Lead (21)

Recommended Equipment Optional Equipment

System . Qty. s
o g " stem Component
Identifier Part No Description Required Y P!
Power Source K2344-1 or Power Wave AC/DC 1000 Power Source 2 PLC (customer supplied)
K2344-2 " - -
Ethernet Switch (customer supplied).
Mounting for Heads K387 Tandem Arc Framework 1 Required for arcs > 1000A or with use of the
Power Feed 10S Head for 3/32 to 7/32 in. solid wire Submerged Arc Software Suite.
(Includes hopper, wire straightener, cross seam Computer (customer supplied). Required for use
Head K2312-1 adjuster, head mounting hardware) or Power Feed 2 of the Submerged Arc Software Suite.
10SF Head for 3/32 to 7/32 in.solid wire )
K325-x TC-3 Travel Carriage
Fixture Builders Head (Insulators not included) Y
Control Box K2362-1 Power Feed 10A Controller 2 K96 Horizontal Lift Adjuster
K29 Vertical Lift Adjuster
Phase Control K2282-1 System Interface 1 )
- - K299-1 Wire Reel Assembly
ArcLink Digital ArcLink Cables (5-pin)
-2 (1) Lead Arc: Power Source to System Interface K390 Two Wire Reel Mounting for TC-3
Communication K1543-xx . 3
Cable (2): System Interface to User Interface K389 Flux Hoboer for K387 Mountings
(3) Trail Arc: Power Source to User Interface PP 9

K2163-xx or| Welding Power Cables from the Power Source to the 4

Welding Cables | 1845110 | contact Nozzle and from the Power Source to the Work | Per Machine

Power Source Feeder Cable (14-pin) from the Head to

o Head K1785-xx the Power Source 2

Control Cable Descriptions in BOLD are as they appear in the Lincoln Electric Price Book.
The Work Sense Leads are not Lincoln Electric orderable parts. Customers

Torch K231-xxx Smeerged Arc Contact Nozzle Assembly 2 must extend appropriate cabling from the power source to the work.

System Interface to ) XX is a placeholder for the length of the cable. Based on the distance
yPower Source K1795-xx Control Cable (22 pin) from each Power Wave AC/DC 5 between welding power supplies, the values for XX could be 12, 25,50, etc.
Cabl 1000 to Systems Interface Cables can be connected end to end to create longer lengths.
aple

XXX is a placeholder for the wire diameter of the application.
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AC/DC Submerged Arc — Multi-Arc Configuration

Typical AC/DC Submerged Arc Example

The Power Wave AC/DC 1000
may be used with a Programmable
Logic Controller (PLC) for multiple
arc applications up to five arcs.

The importance of the phase
relationship grows with each
additional arc. Keeping arc
interaction at a minimum is
imperative, and it is in this role
that the multi-arc AC/DC shines.

Because the operator has
independent control of each arc, the
variability of the waveform is infinite.
This gives the operator ample

opportunity to vary

amplitude, time balance, and
frequency to meet the demands

PLC Controller

User
Interface . ‘ b
DeviceNet Cable

Interface

Wire Reel
and
Mounting

Electrode Studs

Work Cables
Head -
K231-XXX

67 Lead

14 Pin Connector

K1543-XX ArcLink
Control Cable

21 Lead

of the application. Work Piece
Recommended Equipment
System - .- Qty.
Identifier S Sl Required
Ethernet Network Customer Ethernet Switch, Cables, etc. required for arcs >1000A 1
Equipment Supplied or for use with Power Wave Submerged Arc Utilities
software package
Personal Customer | IBM CompatiblePC (Windows NT SP6, Windows 2000, 1
Computer Supplied Windows XP or greater)required for use with Power
Wave Submerged Arc Utilities software package
Controls Customer Programmable Logic Controller 1
Supplied
Automation
DeviceNet Cables Department DeviceNet Cables from the Power Source to PLC as
or Customer and System Interface to PLC
Supplied
Ethernet Switch Custor_’ner Ethernet Switch 1
Supplied
Power Source K2344-1 Power Wave AC/DC 1000 Power Source 3+
Head K2312-1 Power Feed 10 SF Head 3+
Phase Control K2282-1 System Interface 1
Welding Cables K2163-xx or | Welding Power Cables from the Power Source to the 4
9 K1842-xx | contact Nozzle and from the Power Source to the Work |Per Machine
Power Source )
to Head K1785-xx Feeder Cable (14-pin) from the Head to 34
the Power Source
Control Cable
Torch K231-xxx Submerged Arc Contact Nozzle Assembly 3+
System Interface .
to Power Source K1795-xx Control Cable (22 pin) from each power Wave AC/DC 34

Cable

1000 to Systems Interface

K1795-XX

Cables K2282-1

DeviceNet

ArcLink Plus

Master Input _‘\
(s12) @\
.'J L, d‘ |

Wire Feeder \|

ArcLink
DeviceNet

Work Studs

Electrode Cables

K1785-XX Wire Feeder
Control Cables

Electrode Sense Lead

Work Sense Leads

NOTE: Although a PLC is shown in the
three arc system illustrated, the Power
Feed 10A user interface can be used in
system configurations of up to four arcs.
If this is the desired setup, it will be
necessary to purchase the same number
of Power Feed 10As as there are arcs.
Also, additional ArcLink control cables will
need to be purchased.

Descriptions in BOLD are as they appear in the Lincoln Electric Price Book.

The Work Sense Leads are not Lincoln Electric orderable parts. Customers
must extend appropriate cabling from the power source to the work.

XX is a placeholder for the length of the cable. Based on the distance
between welding power supplies, the values for XX could be 12, 25,50, etc.
Cables can be connected end to end to create longer lengths.

XXX is a placeholder for the wire diameter of the application.
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AC/DC Submerged Arc — Digital Communications

ArcLink

DeviceNet

Ethernet

LS | m—

AC/DC Submerged Arc Utilities

The Power Wave AC/DC includes software to assist
with installation and operation of the equipment. From
an intelligent configuration utility to a high-level
monitoring and data logging tool, these packages are
designed for ease of use.

NetSet

Utility used to assign the Ethernet address properties of
the welding equipment as well as security settings for
administrative access.

Network Cell Setup

An installation tool to assist with configuration, Network
Cell Setup generates a file to store this configuration,
and prepares the cell for use with Command Center.

Command Center

Provides monitoring and control of each arc in a
multiple arc system, presenting master/slave
relationship and configuration of the arc in the system.
Weld mode selection, parameters of weld states, and
diagnostics are also available here.

Power Feed 10A Lockout

Utility to turn on and off lockouts and set a pass code for
the Power Feed 10A control box.

Diagnostic Utility

Provides ability to remote monitor, track machine status,
test sense leads, calibrate, and read system information.

% Cammond Center - WebdTech_SigleArcans. =100 ]
Ble e

& Cperator Screen | §F Commurication
& e

o ffeet:  Weld Modes [59] (T Square Wave [1/8 diameter]

System Interface | o set pons | 9y Diagrostics |

Select Erocess:

o hd

N [=E.

" 6 Cperstor Sroen | @7 Communication | (1 System Intwrface [538 Set Porks | 4, uagrestics |
FF Woring Crine 8 wer |

for Weld 1

Workpoint: 650 A
ArcLength Trim: [34  V (Volts)
Wave Control 1: [850 A (Arc Force)
WaveControl2: [0 % (DC Offset)
Wave Control 3: [0

Wave Controld: [0

Wire Feed Speed: [80.7  jpm

] srvenary

" Werking Crine e, g |

Command Center was designed exclusively for
Submerged Arc applications. The phase relationships
between each arc can be controlled from this application.
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Using AC/DC Submerged Arc

Waveform Control Technology
The waveform may be varied to:

¢ control penetration

e control bead shape

¢ eliminate arc interactions which can cause arc blow.
Waveform Control Technology capability provides
precise control over:

* AC Frequency

* Balance (Percentage of time in the positive polarity portion
of one Cycle)

* Offset (Negative Amplitude)

Current, Voltage, or Power

Positive Current Level = Penetration

Penetration/Deposition

Negative Current Level = Deposition

Effect on Penetration from Balance

Current, Voltage, or Power

WV \L

|

30% DC+

70% DC+ 50% DC+
Penetration Penetration Penetration
0.387 in. 0.346 in. 0.242 in.

Current, Voltage, or Power

Effect on Penetration from DC Offset

(+) Offset = More Penetration

+840 -

0

(-) Offset = Less

Penetration

-
-840
840 DC+ i 500 DC+
500 DC- 840 DC-
]

Penetration 0.366 in. 1 Penetration 0.280 in.

Balance & Offset versus Deposition Rate

Polarity Balance (DC+) Offset Wire Feed Speed el
Deposition
100% DC+ 48 0
(highest penetration)
75% 0 51 6%
65% 7 53 10%
50% 0 58 21%
AC
35% 7 64 33%
25% 0 65 35%
30% 20 68 42%
100% DC-
_ . NA NA 71 48%
(highest deposition)

These results are specific to a single wire, 5/32” diameter, and solid steel electrode. Assuming a 5/16” leg fillet weld. Changes in current voltage, travel speed and joint configuration will affect results.
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Using AC/DC Submerged Arc

Single Arc

Seam Welding on Sheet Metal

The customer increased travel speed from 115 to 150
IPM (42% increase). Waveform Control Technology
enhanced productivity and deposition without negative
effects of heat input.

Mold Rebuilding

By using Wave Form Control technology the
deposition rate was increased from 14.6 Ibs/per
hour to 19.9 Ibs./per hour with the same heat input.

y
; *r

* Mold rebuild time dropped from 11 days to 6 or 7 days
(36% reduction in welding time)

* Total mold stock reduced by 6 million dollars
Tandem

Pressure Vessels

Deep groove welds on 165 mm thick plate were
taken from 56 minutes to 45 minutes in welding time.
Lincoln Electric devised a two arc AC/AC submerged
arc solution.

* 23% reduction in heat input
* 20% less welding time
Offshore Structures

Conventional DC/AC deposition was yielding Offshore Structures
33 Ibs/hr (15 kg/hr) deposition. By using the two
arc AC/AC submerged arc process, deposition
increased to 44 Ibs/hr (20 kg/hr).

* 33% increase in deposition rate.
Four Arc
Pipe Mills

ID welding of longitudinal pipes was taking too
long, and inhibiting production. Conversion of a
3-arc system to a 4-arc system increased travel
speeds and productivity by 35%.

* Travel speed of 1.7 m/m increased to 2.3 m/m
* 33% gain in productivity)

* Weld bead profile and mechanical properties remained
the same quality
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Lincoln Submerged Arc Consumables WHAT IS NEXTWELD?

submerged Arc Fluxes The challenges facing industrial
fabricators today are increasingly
difficult. Rising labor, material, and
energy costs, intense domestic and

Lincoln Electric offers a wide
variety of fluxes to be used in

a submerged arc welding _ P . global competition,

environment. Depending on 4 a dwindling pool of

the application, the choice of skilled workers, LINCOLN
flux will vary. Please refer to more stringent and I NI NE X Wl
the Submerged Arc Welding specific quality

guide for assistance in select- ._ demands.
ing the right flux for you. # : Through our
-

| commitment to

S | | extensive research
—SSow and investments in
product ™
- development, NEXTWELD

Lincoln Electric has

established an industry benchmark for
applying technology to improve the
quality, lower the cost and enhance the
performance of arc welding processes.
Advancements in power electronics,
digital communications and Waveform
Control Technology™ are the foundation
for many of the improvements.

Submerged Arc Electrodes

Selection of the appropriate wire
electrode is application dependent.
Please refer to the Submerged Arc
Welding guide for assistance in
selecting the right

electrode for your application.

NEXTWELD brings you a series of
Process, Technology, Application and
Success Story documents like this one.
NEXTWELD explains how technologies,
EFJ@';]‘ products, processes and applications are
o linked together to answer the important
questions that all businesses face:

SPEED-FEED

e How can we work faster, smarter,
more efficiently?
e How can we get equipment and

people to perform in ways they’ve

never had to before?

- N e How do we stay competitive?
Customer Assistance Policy

The business of The Lincoln Electric Company is manufacturing and selling high quality welding equipment, NEXTWELD is the fUture of Weld’ng but
consumables, and cutting equipment. Our challenge is to meet the needs of our customer and to exceed its benefits are available to you today.
their expectations. On occasion, purchasers may ask Lincoln Electric for advice or information about their Ask your Lincoln Electric representative
use of our products. We respond to our customers based on the best information in our possession at that : Ty ..

time. Lincoln Electric is not in a position to warrant or guarantee such advice, and assumes no liability, with how to /mprove the ﬂeXIPIIIty’ efﬂCIgncy
respect to such information or advice. We expressly disclaim any warranty of any kind, including any and quality of your welding operations to
warranty of fitness for any customer’s particular purpose, with respect to such information or advice. As a reduce your cost of fabrication.

matter of practical consideration, we also cannot assume any responsibility for updating or correcting any

such information or advice once it has been given, nor does the provision of information or advice create,

expand or alter any warranty with respect to the sale of our products. LI Nco LN ®

Lincoln Electric is a responsive manufacturer, but the selection and use of specific products sold by ELECTRIC

Lincoln Electric is 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 applying these types of THE WELDING EXPERTS
fabrication methods and service requirement.

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

1.216.481.8100
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WAVEFORM CONTROL TECHNOLOGYT™™

AC/DC Submerged Arc Welding

For over 50 years, Lincoln
Electric has offered its
Submerged Arc Welding (SAW)
customers high deposition,
reliable penetration, and smooth
bead appearance.

Now, Lincoln brings you the first
advance in SAW technology that
provides the option of variable
polarity. Changes in the balance
of positive and negative polarity
of the AC waveform enable the
operator to change penetration
and deposition, without changing
the current or voltage settings.

Lincoln’s AC/DC Submerged Arc
process with the Power Wave
power source gives the operator
real-time control. Instead of
making a weld, stopping and
re-programming the new
parameters, and running a test
weld to make sure they worked,

changing the face of a weld is as The Power Wave AC/DC 1000 takes Submerged Arc Welding to the next

easy as turning a knob. level. In addition to conventional benefits of SAW, such as high deposition

rates and good penetration, heightened control and faster responses to
the arc are unique to the design of the Power Wave AC/DC.

MODULAR

The Power Wave AC/DC is designed for easy paralleling, overcoming the
problems typically associated with synchronization of AC waveforms for
increased amperage applications.

MULTI-ARC

AC/DC welding is designed for applications that require up to five independently
controlled welding arcs.

LINCOLN EASY INTEGRATION

Digital Communications provide a simple solution for the integration of the
ELECTRIC . . :

welding power source to the motion controlling Programmable

Logic Controller (PLC).

INCREASED PROCESS CONTROL
Digital Communications also enable the use of software tools to record the

Yy & | | |
actual welding values for each weld as well as monitoring the status of the
welding system.

NEXTWELD WAVEFORM CONTROL TECHNOLOGY

The Power Wave AC/DC is equipped with factory-programmed prcedures for
fast setup.

i n g i s h e r e.®
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AC/DC Submerged Arc Welding

What

Is AC/DC Submerged Arc?

A Submerged Arc Welding
(SAW) option that combined
the advantages of AC and DC
SAW welding was not possible
until now.

A Lincoln inverter power
source coupled with Waveform
Control Technology provides
control over the ratio of
positive to negative amplitude,
as well as the amount of time
spent at each polarity.

The limiting factor for SAW AC
welding has always been that
it takes too long to cross from
electrode positive (EP) to
electrode negative (EN). This
lag can cause arc instability,
penetration, and deposition
problems in certain
applications.

The Lincoln Power Wave
AC/DC 1000 with Waveform

How

The AC/DC Submerged Arc Process

- Frequency >
Positive
Current I

i

Transition Rate
dl/dT

/

Time

Current

Negative Current

Control was designed specifically to
solve this problem, allowing the
operator to take full advantage of the
reduction in arc blow experienced with
DC, while maintaining the penetration
advantages of DC positive and the
advantageous deposition rate of DC
negative. Using these controls, the
shape of the output waveform is
changed, and in turn the weld output
characteristics are controlled.

AC/DC Submerged Arc Works in a Single Arc Environment

Waveform Control Technology gives the operator the ability to change the positive and negative amplitude and
time intervals independently of each other, to achieve the penetration and deposition rate that suits their
application. In other words, if a weld requires shallower penetration but a high melt-off rate, the operator would add
a negative DC offset of 500 Amps, forcing an imbalance in the waveform. Adding negative current results in higher
deposition rates. Lincoln Electric offers optimized control settings for common procedures.

500

1000

L

500 ——

The above waveform represents the possible variations of an
AC/DC waveform with Waveform Control Technology.
Different parts of the waveform and wire feed speed may be
modulated at varying rates to achieve a smooth, stable arc.

With the Power Wave AC/DC, you get
the best of both worlds: the speed,
deposition rate, and penetration that
DC SAW offers, and the resistance to
arc blow that AC SAW offers.

In single arc processes, the Power
Wave AC/DC provides flexibility with
Waveform Control Technology. In
multiple arc processes, that same
flexibility is achieved through control of
phase shifting between arcs.

500 —— ’7

0 + 0
-500 J— U -500 ——

A balanced AC process
uses a combination of DC
positive and DC negative

amperage.

Adding positive or
negative DC offsets
change the deposition
and penetration

i

Increasing the positive
amplitude of the
waveform increases
penetration.

-500 ——

characteristics.

-500 ——

-1000 ——

Increasing the amplitude or time
balance of the negative amplitude
increases deposition and
decreases penetration.
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AC/DC Submerged Arc Welding

Using AC/DC

The AC/DC SAW process is the ideal choice for
high-deposition, high-speed welds that can be made in
the 1G position. Whether your applications demands a
single arc or up to five synchronized arcs, AC/DC SAW
with the Power Wave will increase weld speeds and
yield higher quality welds.

In multiple arc welding, as many as 5 arcs operate in a
single weld puddle. The positive and negative polarity
phases of the AC waveform can be independently
adjusted, as well as the cycle balance. Changes to the
combination of any of these values will change the
deposition rate, penetration, and travel speed, without
changing the voltage or current settings.

Typical DC-AC two-arc combinations can be replaced
with AC/DC Power Waves for either AC/DC or AC/AC
welding applications.

How
AC/DC Submerged Arc Works in a Multi-Arc Environment

When more than one arc is present, arc interaction plays an important role in the behavior of the weld. Two
positive electrodes pull together because their magnetic fields attract each other. Two negative electrodes also pull
together. One negative and one positive electrode repel or push against each other. By phase shifting the AC
waveforms the amount of “push” and “pull” of the arc interaction can be balanced. This is the reason multi-arc
processes use alternating current to avoid arc blow.

500 1 500
)
)
1
| 0
0 ) ]
) 1
1 )
1 )
500 —— i I I j -500 —— — - L -
In this example, both electrodes are either always Similar to the way a single arc process allows operator
positive, or always negative, causing a constant flexibility through manipulation of the waveform, the dual arc
“pull”. Constant “pulling” will lead to arc blow, process is controlled by shifting the phase of the waveform.
penetration, and bead appearance problems. In the above waveform, the amount of time that both

electrodes are positive is balanced with the amount of time
that one is positive and one is negative.
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AC/DC Submerged Arc Welding
Using AC/DC

Power Wave AC/DC multi-arc welding is being
used for:

e L ongitudinal and spiral pipe mills

¢ Mold rebuilding

e Structural material for bridges and offshore platforms
* Pressure vessels

e Shipbuilding

The Power Wave AC/DC is designed to be easily
paralleled for welding applications that require
higher amperage. Each AC/DC Power Wave 1000
provides 1000 amps of AC or DC output at

100% duty cycle and can be paralleled to any
desired capacity.

el

Three-Arc AC/DC Submerged Arc welding system
controlled by a PLC

Programmable Logic Controller (PLC)

Interfacing

with Power Wave AC/DC

Hard Automation

For repeatable, high-deposition, quality
welds, the Power Wave AC/DC coupled
with a PLC provides a reliable hard
automation welding solution. The Power
Wave AC/DC can easily be connected to
a PLC with the standard option of the
DeviceNet gateway board. Additionally,
the option of the Ethernet/DeviceNet
gateway board allows the system to be
tracked and monitored from a remote
location, over a network.

Allen-Bradley™ PanelView
User Interface

24 Volt Power Supply

Power Wave AC/DC 1000 with
Ethernet/DeviceNet Gateway

Typical Hard Automation Welding System Configuration
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Benefits
of Power Wave AC/DC e

10.18.8.55 (PWB55/R-1) E
Power Electronics ’E

10.18.8.47 (K1860-1 PW AC/DC)

Power Wave AC/DC 1000 uses
inverter technology, not SCR or
cyclo-conversion, which limits

control options.

Control

Unlimited control of frequency, balance
of positive and negative half-cycles,
and amplitudes.

Efficiency

Inverter power sources operate

at 87% efficiency and a power

factor of 95%.

Stability

Increased stability of phase-shifting of
multiple arcs due to the capability of
any degree of shift to create equal

10.18.8.48 (K1860-1 PW AC/DC)

ﬂ 10.23.8.13 (PW655/R-1)

10.23.8.14 (PW855/R-1)

10.23.8.19 (PW455M NA K2202-1)

21023824 (PWA4S5M/ISTT NA K2203-1)

10182 e |
%Ru

Vierw | Ackoarcad Vi |

i)

5 10.23.8.19 (PWA55M NA K2202-1)

10.6.8.15 (PW F355i)

1023811 (PW Fassi)

ratios of magnetic push and pull. Power Wave AC/DC 1000 with | e
Ethernet/DeviceNet Gateway MJ
Waveform Control

Waveform Control and infinite phase Communications between ArcLink and
shifting stabilize imbalanced waveforms. Ethernet enable equipment tracking
The operator achieves full control of and production monitoring
penetration and deposition without

changing heat input levels.

Productivity

of Dual Arc SAW

Fill Process Current Voltage Travel Total |Wire Feed|Electrode | Deposit Total Area/pass
Productivity (Amps) (Volts) Speed Kj/in. Speed | Diameter Rate Lbs/Hr (sq. in.)
(IPM) (IPM) (in.) (Lbs/Hr)
100% DC/AC 650/650 30/34 31 80.5 45/55 5/32 15/18 32.66 0.0620
109% AC 650/650 30/34 31 80.5 54/55 5/32 17.5/18 35.59 0.0676
Balanced
130% AC 650/650 30/34 31 80.5 64.5/65.7 5/32 21/21.4 42.39 0.0805
25% DCEP
Balanced
135% AC 25% 650/650 30/34 31 80.5 68/67 5/32 22/22 44 0.0836
DCEP 30%
DC Offset
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AC/DC Submerged Arc Welding

Lincoln Welding Systems
featuring AC/DC

Power Wave AC/DC 1000

The Power Wave AC/DC 1000 is
equipped with Waveform Control
Technology and Inverter Power
Source design, to provide the
highest reliability and weld quality
the welding industry has to offer.

Power Wave AC/DC 1000 operates
at a 95% power factor with low
harmonic distortion, and is 87%
efficient. It draws equally matched
currents from a three-phase line
and can produce both sine and
square waves, for compatibility
with older equipment or better
penetration and greater deposition
with new processes.

Customer Assistance Policy

The business of The Lincoln Electric Company is manufacturing and selling high quality welding
equipment, consumables, and cutting equipment. Our challenge is to meet the needs of our
customer and to exceed their expectations. On occasion, purchasers may ask Lincoln Electric for
advice or information about their use of our products. We respond to our customers based on the
best information in our possession at that time. Lincoln Electric is not in a position to warrant or
guarantee such advice, and assumes no liability, 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 responsibility for updating or correcting any such
information or advice once it has 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 is 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
applying 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 IS NEXTWELD?

The challenges facing industrial
fabricators today are increasingly
difficult. Rising labor, material, and
energy costs, intense domestic and
global competition,
a dwindling pool of
skilled workers, LINCOLN

more stringent and HAN XN XS
specific quality
demands.

Through our
commitment to
extensive research
and investments in
adct NEXTWELD"
development,
Lincoln Electric has
established an industry benchmark for
applying technology to improve the
quality, lower the cost and enhance the
performance of arc welding processes.
Advancements in power electronics,
digital communications and Waveform
Control Technology™ are the foundation
for many of the improvements.

NEXTWELD brings you a series of
Process, Technology, Application and
Success Story documents like this one.
NEXTWELD explains how technologies,
products, processes and applications are
linked together to answer the important
questions that all businesses face:

e How can we work faster, smarter,
more efficiently?

® How can we get equipment and
people to perform in ways they’ve
never had to before?

e How do we stay competitive?

NEXTWELD is the future of welding but
its benefits are available to you today.
Ask your Lincoln Electric representative
how to improve the flexibility, efficiency
and quality of your welding operations to
reduce your cost of fabrication.

®

THE WELDING EXPERTS

THE LINCOLN ELECTRIC COMPANY
www.lincolnelectric.com
1.216.481.8100






