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Afrox advanced pipe welding

The traditional way of welding 
process pipe for the refinery, pet-
rochemical, oil and gas, power, 

water or HVAC industries, according 
to Meyer, is to first put in a TIG root 
and then to fill and cap the joint using 
manual SMAW welding rods. 

“This usually has to be done in the 
6G or 5G position and pipe diameters are 
typically between 150 and 300 mm in di-
ameter (6-12-inch) with joint thicknesses 
from 6.0 to 40 mm. These are often high-
pressure pipes that require very high 
integrity welding. In the petrochemical 
industry, typical thicknesses are below 
20 mm, but for power generation, be-
cause of the high steam pressures in-
volved, wall thicknesses of up to 40 mm 
are common,” he tells African Fusion.

“Materials can range from carbon 
steels for lower pressure and tempera-
ture use to the low-alloy 1¼Cr-½Mo, 
2¼Cr-1Mo; 9%Cr-1Mo (P91); and the 
host of the other low-alloy creep-resis-
tant steels for higher temperatures and 
pressures,” he says, adding that austen-
itic stainless steels in materials such as 
304L are also commonly used for pipe, 
which are typically welded using 308 or 
316 consumables.

The weld preparations typically have 
60 to 70° included angles with relatively 
large root gaps: between 2.5 to 4.0 mm 
in order to guarantee full penetration 
of the joint.

“The TIG/Stick processes used are 
tried and trusted, but the welding in-
dustry is seeking to use more efficient 
and productive processes that are less 
dependent on very high levels of skill,” 
Meyer continues.

“Welding ’faster and cheaper’ is be-
coming essential in our cost competitive 
markets and, since labour constitutes 
the largest component of welding costs, 
any reduction in total welding time sub-
stantially reduces the total cost of pipe 
welding,” he notes.

Towards acceptance for 
advanced pipe welding

The Miller PipeWorx 
welding system is a 

multi-process solution 
capable of SMAW (stick), 

GTAW (TIG) as well as RMD short 
arc GMAW for root welding and open-

arc pulsed-GMAW for fill and capping runs.

Above: Afrox has 
developed several 
approved PQRs and 
WPSs that are being 
used in some areas, 
but Meyer and his team 
are currently working 
on optimising these 
procedures to make 
them as robust and risk-
free as possible.

Above right: A pipe-
welding sample set 
up for procedure 
qualification testing in 
the 6G position.

Right: For the root and 
capping passes, the 
ProPulse feature of 
the PipeWorx system 
is recommended, 
which is an optimised 
pulsed solution for pipe 
welding.

African Fusion talks to Arnold Meyer, Afrox’s applications develop-
ment manager and an IIW Welding Engineer, about his determined 
efforts to achieve acceptance in South Africa for advanced pipe 
welding processes using modern GMAW solutions such as Miller’s 
PipeWorx welding system.

Changing to a new and faster welding processes, 
however, comes with significant challenges, most no-
tably, getting the procedures approved and accepted 
by plant operators and end users.

TIG/Stick procedures are well established and 
familiar to pipe contractors and end users, 
while replacement procedures are seen as 
higher-risk with respect to quality and 
repair rates. “To successfully replace 
traditional pipe welding methodolo-
gies, we need to develop and 
showcase a set of robust 
procedure qualification re-
cords (PQRs) and welding 
procedure specifications 
(WPSs) so that people 
can start trusting these 
processes going forward. 

“And we have to do 
this in South Africa!” he 
exclaims. “We know that 
new processes are already 
accepted in other parts of 
the world and we cannot con-
tinue to fall behind with respect 
to cost competitiveness and pro-
ductivity,” he argues.

“Fully automated pipe 
welding is already routinely 

down twice before short-circuiting oc-
curs. On short-circuiting, the molten 
metal droplet is first allowed to wet into 
the joint at a very low current level un-
der surface tension. Then an up sloping 
‘pinch’ current is initiated. On arc reig-
nition, the current immediately ‘blinks’ 
low to minimise the spatter associated 
with reignition, before stepping up to its 
high open arc current level to create a 
droplet ‘ball’, then stepping down again 
in anticipation of the next short circuit.

This controlled deposition provides 
less chance of cold lapping or lack of 
fusion, less spatter and a higher quality 
root pass around the pipe. The stabil-
ity of the process lessens the puddle 
manipulation required by the welder 
and is more tolerant to high-low condi-
tions, reducing training requirements. 
Weld bead profiles are thicker than 
conventional TIG root welds, and this 
can eliminate the need for a hot pass, 
again improving weld productivity and 
reducing welding costs.

“For the root and capping pass, we 
are recommending the use of the Pro-
Pulse feature of the PipeWorx system, 
which is an optimised pulsed solution 
for pipe welding,” Meyer continues. The 
system operates under constant voltage 
(CV) mode during peak and background 
periods, but the ramp up and ramp 
down rates and the initial peak and 
background current levels are under 
constant current (CC) control.

This enables a shorter arc length to 
be used with a narrower arc cone and 
less heat input than with traditional 
spray pulse transfer. Also, arc wandering 
and variations in tip-to-work distances 
are virtually eliminated, providing 
easier puddle control for in-position and 
out-of-position welding and reducing 
welder training times. The process also 
improves fusion and fill at the toes of the 
weld, permitting higher travel speeds 
and higher deposition. 

Coupled with RMD for root pass 
welding the PipeWorx system permits 

applied overseas. In South 
Africa, however, we seldom automate. 
Pipe installations cannot usually be 
rotated, so we need manual welding 
procedures that are so robust that they 
can be successfully repeated by ordinary 
welders – as opposed to having to train 
and qualify highly skilled welders or 
import skills from other countries.

“Training TIG/Stick pipe welders to 
the high levels required takes a long 
time, so we are seeking to develop 
advanced pipe welding processes and 
procedures that can be successfully 
used by regular welders. This will help 
to grow the local skills base more rapidly 
and get more of our people into jobs,” 
he suggests.

The Miller PipeWorx welding system 

welding procedures 
with a single wire and gas combination, 
which eliminates the need for process 
switch-over and the use of multiple 
consumable types.

“With a relatively low heat input, the 
deposition rate can be retained at high 
levels. In terms of metallurgy, especially 
for the modern creep resistant materi-
als, this allows the grain growth in the 
heat-affected zone to be reduced, which 
in turn lowers the risk of reheat cracking 
during post-weld heat treatment.

But the main advantages of using 
the process are productivity and weld 
quality. “Using GMAW avoids having to 
remove slag from the surface of each 
pass of a weld and the associated risk 
of slag inclusion defects. Also reduced 
is consumable wastage due to stubs be-
ing discarded – and welders often throw 
away long stubs – along with the many 
stop starts and the added time needed 
to replace electrodes.

“We have measured that an RMD 
root pass can be inserted four to five 
times faster than a TIG root, while each 
fill and cap pass can be completed three 
to four times faster than when using tra-

ditional stick welding processes,” Meyer 
informs African Fusion.

While Afrox has developed several 
approved PQRs and WPSs that are be-
ing used in some areas, Meyer and his 
team are currently working on optimis-
ing these procedures to make them as 
robust and risk-free as possible. “It is 
very important that this advanced pro-
cess can be used by local welders with 
normal skills levels. And we still have to 
do this welding manually, so we can’t 
use the automated procedures that have 
been developed in the rest of the world.

“We need to produce qualified 
procedures with the widest possible 
success window, so that we can repeat-
edly qualify a process with the same 
parameters, using different welders at 
different sites. These procedures must 
be proven to work repeatedly with very 
low reject rates before they can become 
a sustainable replacement for tradi-
tional TIG/Stick pipe welding.

“And we at Afrox are willing and 
determined to put in the time, effort and 
money required to make this a reality,” 
Meyer concludes.

is a multi-process solution capable of 
SMAW (stick), GTAW (TIG) as well as 
all of the GMAW variants – short and 
open-arc GMAW, pulsed-GMAW and flux-
cored welding (FCAW). For modern pipe 
welding, however, Afrox is focusing on 
the use of Pipeworx’s advanced GMAW 
capabilities.

“For the root pass, Miller has devel-
oped a technology called RMD (Regu-
lated Metal Deposition) to control metal 
transfer during short-arc GMAW weld-
ing,” Meyer explains. Instead of simply 
switching the current between an open 
arc level and a short circuit level, during 
the arcing phase, the current is stepped 


