Fab shop takes waste off the plate
C&S Metal Fabricating’s new plasma cutting
control technology leads to cost savings
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Maximizing a productivity tool for large-pipe welding

By John Emmerson

echanized, or orbital, gas
tungsten arc welding
(GTAW) of pipe was first
introduced about 40 years
ago, largely in response to the need for
high-quality welds, repeatability, and
zero defects for the large number of
nuclear power generator plants being
constructed at that time. Weld-out
time was a secondary issue.

Over time orbital welding has been
used in other applications requiring high
repeatability and quality, such as steam
generation components for fossil power
plants and process piping for chemical
plants. As long as mechanized welding
was compared to manual GTAW or
shielded metal arc welding (SMAW), it
provided higher productivity resulting
from a higher arc-on duty cycle.

Today orbital GTAW is widely used
for a variety of applications on pipe
diameters of 12 inches and smaller.
Because labor and overhead comprise
more than 80 percent of welding costs,
mechanization and automation are
viable at these pipe diameters for fabri-
cators trying to combat the offshoring
of welding projects.

Mechanized GTAW
Limitations

Orbital pipe GTAW has two limita-
tions: It requires the use of a special ]

bevel on the pipe ends to accomplish
the initial root pass, and it is a low-dep-
osition-rate process (typically 0.5
pounds per hour).

While widely used on pipe 12 in.
dia. and smaller, it can be cost-prohib-
itive on larger-diameter pipe. Orbital
GTAW requires machining of pipe
ends in the field, using portable pipe
beveling tools. For larger sizes, such as
24-in.-dia. pipe, these beveling tools
may be expensive to rent or purchase.

An alternative is to use the standard
V bevel machined at the pipe mill. To
compensate for the greater volume of
weld metal the standard bevel requires,
a higher-deposition-rate process is suit-
able—flux-core arc welding (FCAW)
(see Figure 1).

During the mid-1980s, FCAW was
explored for large-diameter, heavy-
wall pipe, and several orbital systems
were developed. With orbital FCAW,
deposition rates of 8 lbs./hr. are
achievable.

The following are frequently asked
questions about FCAW.

FAQ No. 1—Can X-ray-quality welds
be made out of position? Should |
be concerned about fusion defects?

Advances in inverter power supply
technology and consumables have

made FCAW a viable method for weld-

ing X-ray-quality welds without fusion

4 FIGURE 1 Orbital flux-core arc
welding (FCAW) is a high-deposition-
rate process (8 Ibs./hr.), suitable for
welding large-diameter, heavy-wall pipe.

defects. FCAW consumables now have
the following characteristics:

eSelf-slagging properties. No
grinding is required to remove slag. A
single wire brushing between passes
ensures no slag inclusions remain.

eLow-hydrogen properties. Wires
are available for applications that spec-
ify low hydrogen deposits.

¢ All-position formulations. Elec-
trodes previously developed for roll
welding are now available for all-posi-
tion applications.

¢Improved mechanical properties.
Significant improvements have been
made to mechanical properties, such as
better Charpy impact values at low
temperature.



FAQ No. 2—How do | avoid slag
entrapment using 360-degree orbital
welding with the pipe in the hori-
zontal (5G) position? | can’t do that
welding manually.

“Orbital” welding is a misleading term
when it comes to pipe FCAW.
Mechanized pipe welding is always
done double-up, just as in manual weld-
ing (see Figure 2).

The only time that welding is done
in a 360-degree, uninterrupted fashion
is when the pipe is vertical (2G).

FAQ No. 3—What preparation do
I need to use? Do | have to put a
special bevel on the pipe ends?

A standard 30- or 37.5-degree bevel can
be used with a slightly smaller root
opening than typically would be used
for manual welding.

FAQ No. 4—How do | weld the root
pass? Can it be done with FCAW?

A limitation to this alternative of using
FCAW is that it cannot be used for root
pass welding. Currently most manufac-
turers cannot offer a mechanized system
for root pass welding, which must be
done with another technique. A solu-
tion is to use a manual/semiautomatic
process (see Figure 3). Although the
weld must be made using two weld
processes, it merits consideration.

AFIGURE 2 In this double-up tech-
nique with two heads, each head welds 6
to 12 o’clock. When only one head is
used, a clutch allows a rapid return to
the 6 o’clock starting point.

The Lincoln SST® and Miller RMD®
manual/semiautomatic processes have
been widely accepted, and with proper
welder training, they are much more
forgiving than semiautomatic GMAW.
Root deposits are fused properly with
the side walls with almost no spatter,
unlike traditional solid-wire GMAW at
low power levels. Both processes deposit
a sufficiently heavy root bead, allowing
the immediate use of FCAW for the
subsequent (hot) pass without repene-
tration. Because both are solid-wire
processes, slag removal and grinding are
unnecessary.

Manufacturers presently do not offer
a single mechanized system allowing use
of the SST or RMD process in combina-
tion with FCAW. However, by the end of
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AFIGURE 3 A standard V bevel is made with RMD root and FCAW fill passes.

2007, the same system capable of doing
fill pass welding will include root pass
capability. (This is already offered by one
manufacturer of welding systems devel-
oped solely for marine pipeline use.)

FAQ No. 5—Can | use orbital weld-
ing on materials other than carbon
steel, such as stainless steel?

Orbital FCAW has been used on a vari-
ety of materials (see Figure 4). The only
limitation is whether an all-position filler
wire is available to match the base metal
of the pipe. Today you can find filler wire
to meet nearly any requirement.

FAQ No. 6—I never know what
size capabilities the next job will
require. What range of pipe sizes
does orbital FCAW equipment join?

All systems on the market today mount
on metal bands, or guide rings, that are
interchangeable to fit on different pipe
sizes. Most systems cover 6- to 60-in.-
dia. pipe. You also can use a flexible
track for both ID and OD welding of
vessels and tanks. Track segments can
be joined for continuous runs and are
attached with magnets or vacuum cups
to the workpiece.

FAQ No. 7—I'm not convinced
that mechanized welding is any
faster than manual welding. What
improvement, if any, can | expect?

There is nothing magic about machine
welding; ultimately you are limited by the
process and gravity’s effect on the weld
puddle. The improvement lies in duty
cycle and repeatability. Manual welders
typically have their arcs on 25 percent of
the day. With mechanical welding, this
arc-on time is increased to 70 to 80 per-
cent. Mechanization also brings repeti-
tive quality and low repair rates.

FAQ No. 8—Is a welder needed to
use this equipment, or can anyone
be taught?

A welder is required to operate the
equipment. Why? Because fit-up is



Who Uses
Orbital
Welding?

After performing research on
12-in.-dia.  (300-mm-dia.),
Schedule 100 carbon steel
piping in the 5G position
using a ] prep with a manual
GTAW root to determine if
orbital FCAW could be used
for welding heavy-wall piping
in its nuclear power plants in
1988, Ontario’s electric utility,
Ontario Hydro, concluded
that acceptable coupons were
produced by orbital FCAW
(according to standard ultra-
sonic, radiographic, and liquid
penetrant inspection proce-
dures, per ASME Section Ill—
Class 1 Nuclear Piping).’

In 1995 The Electric Power
Research Institute decided to
evaluate orbital FCAW for X-
ray-quality weldments made
on thick-wall carbon, CrMo,
and stainless steel piping. It
concluded that  orbital
GMAW/FCAW produced suc-
cessful welds in all welding
positions with several different
off-the-shelf FCAW filler wires.?

never perfect, and other joint-to-joint
variations exist. A welder knows how
to “read the puddle” and make over-
ride corrections using a hand-held
remote control.

For example, the joint width might

AN

AFIGURE 4 A Norwegian fabricator welds duplex stainless spool pieces to be used for

offshore oil production.

vary because of poor fit-up or imperfect
beveling. A knowledgeable welder
immediately recognizes that the weld
puddle is no longer “washing” the bevel
side wall of the joint. Without a correc-
tion, the side wall will fail to fuse. A
simple override correction from the pro-
grammed valves can change the weave
stroke width and correct the situation.

Productivity Tool
for Welders

Just as a carpenter would choose a
power saw rather than a manual saw for
most carpentry, companies that weld
large pipe may consider a mechanized
pipe welding system. A mechanized sys-
tem can allow a less-skilled welder to
weld to code. It also makes a welder’s
job less physically demanding, which
may extend the careers of older welders.
With 57 being the average age of
welders in the U.S., and fewer young

By the end of 2007,
the same system
capable of doing fill
pass welding will
include root pass

capability.

people entering the industry, mecha-
nized welding is worth evaluating. B

John Emmerson is president of Magnatech
LP, 6 Kripes Road, East Granby, CT
06026, 860-653-2573, emmerson@magnat-
ech-Ip.com, www.magnatech-Ilp.com.
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