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Development of matching
composition supermartensitic
stainless steel welding
consumables
Leif Karlsson and Solveig Rigdal, ESAB AB, Göteborg, Sweden and Wouter Bruins and
Michael Goldschmitz, FILARC Welding Industries B.V., Utrecht, the Netherlands

The development of
matching composition
supermartensitic welding consumables is presented. It is shown that
the newly developed
supermartensitic metalcored wires OK Tubrod
15.53 and OK Tubrod
15.55 produce highquality welds with properties which match requirements when used
with realistic fabrication
welding procedures.
Introduction
Duplex ferritic-austenitic stainless steels have been used for
some years to combat corrosion
problems in the oil and gas industry. New weldable supermartensitic stainless steels are, however, finding increasing application as an economical option, offering corrosion performance
between that of carbon steel and
duplex stainless steel (refs. 1-5).
These steels offer sufficient corrosion resistance for sweet and
mildly sour environments in combination with high strength and
good low-temperature toughness
and are specifically designed for
field welding where the use of
long-term post-weld heat treatment (PWHT) is impracticable
(ref. 6). The carbon content is reSvetsaren No. 3 1999

duced to extra low levels in order
to obtain the necessary properties
in the as-welded condition and
elements such as Mo and Cu are
added for improved corrosion resistance.
The choice of filler material
and welding procedure is largely
governed by the need
1 to match parent material
strength,
2 to achieve sufficient toughness,
3 to keep hardness at an acceptable level,
4 to match corrosion resistance
and
5 to avoid PWHT.
Although good results have
been obtained with soft martensitic 13%Cr 4%Ni + Mo alloys
and duplex or superduplex consumables (refs. 2-4), supermartensitic consumables offer a number
of advantages. Not only are the
weld metal strength, hardness and
corrosion resistance similar to
those of the parent material. The
weld metal and parent material
also respond similarly to PWHT
and thereby eliminate the risk of
weld metal embrittlement which
can occur in the case of superduplex weld metals. A further advantage is the decreased risk of
distortion thanks to the lower
thermal expansion coefficient of
supermartensitic weld metals as
compared to duplex weld metals.
Complications related to the dilution of filler metal with parent
material are also avoided if
supermartensitic consumables are
used.

The aim of the present study is
to show that “matching” composition supermartensitic consumables can be formulated and can
produce largely martensitic weld
metals. It is also demonstrated
that supermartensitic consumables can be used with realistic
fabrication welding procedures to
produce high-quality welds with
satisfactory properties.

Chemical composition,
microstructure and
mechanical properties
Experimental welds
In the very early stages of development, it became evident that
the weld metal chemical composition strongly influenced the microstructure and mechanical
properties. As a first step, chemical compositions and mechanical
properties for a large number of
experimental weld metals were
therefore determined and correlated to microstructure, transformation characteristics and welding procedure (see also refs. 7
and 8).
An evaluation showed that
the very low C and N content
(<0.01%), essential to obtain
good toughness and low hardness,
could be obtained most reliably
with metal-cored wires. Furthermore, metal-cored wires are ideal
for submerged arc (SAW), tungsten inert gas (TIG) and metal inert/active gas welding (MIG/
MAG), thereby offering flexibility and high productivity.
3
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Impact toughness (J)

–40°C
–20°C

Weld metal O-content (ppm)
Figure 1.Influence of oxygen content on Charpy-V impact toughness at –20°C and
–40° C in Mo-alloyed supermartensitic weld metals.

Figure 2. Fully martensitic microstructure of a 2.5% Mo supermartensitic
weld metal deposited with the metalcored wire OK Tubrod 15.55.

Mechanical properties
Weld metal yield and tensile
strength were generally well above the typical values for supermartensitic parent materials (refs.
3, 4 and 6). The exception was
weld metals with a large volume
Weld

Consumables

OK Tubrod 15.53:
1.5 % Mo, ⭋ 1.6 mm
metal cored wire:
TIG/MIG-1.5Mo
Ar/ Ar + 0.5%CO2
OK Tubrod 15.55:
2.5 % Mo, ⭋ 1.6 mm
metal cored wire:
TIG/MIG-2.5Mo

Ar/ Ar + 0.5%CO2

SAW-2.5Mo

OK Flux 10.93

TIG/MIG-2.5Mo-pipe Ar/ Ar + 0.5%CO2

fraction of retained austenite
(>25%) and with a yield strength
below the minimum level of 550
MPa required for X80 grade
steels. Both the yield and ultimate
tensile strength were lower transverse to welds in supermartensitic
plate material than along welds
and fracture always occurred in
the parent material. Elongation
was typically in the range of 1520%, regardless of composition
and welding method.
Maximum hardness correlated
well to the C content and PWHT
(5 min/620°C) was effective in reducing hardness (cf. refs. 1, 3, 4
and 6, for example). A maximum
as-welded hardness of approximately 350 HV10 could be obtained if the C content was kept
below 0.013%C.
Significant amounts of ferrite
were found to be detrimental to
Parent material

Joint/
position

impact toughness and tended to
result in an unacceptably high
ductile to brittle transition temperature. However, the most significant effect on impact toughness was clearly the strong effect
of weld metal oxygen content. By
plotting impact toughness against
oxygen content (Fig. 1), it can be
seen that impact toughness increases rapidly for oxygen levels
below approximately 300 ppm.
For example, TIG welds with an
oxygen content of about 100 ppm
had a toughness of up to 150 J at
–40° C, whereas SAW welds with
about 600 ppm oxygen had the
lowest toughness, typically 30–40
J at –40° C. However, a short
PWHT could be used to improve
the impact toughness of SAW
welds significantly (Fig. 1).
Microstructure
Virtually fully martensitic weld
metals could be obtained for an
Mo content of up to 2.5% (Fig.
2). However, the compositional
range for “fully“ martensitic weld
metals was somewhat limited and
became narrower as the alloying
content was increased.
Ferrite (Fig. 3), with a morphology very similar to that of
the ferrite found in duplex stainless steel weld metals, was present
when the relative amount of ferrite stabilising elements was too
high.. Another ferrite morphology, similar to that of common austenitic stainless steel weld metals,
was found in weld metals solidifying as a mixture of ferrite and
austenite (Fig. 4). One complication, which was dependent on
Interpass Heat input Comments
temp. (°C) (kJ/mm)

12Cr 4.5Ni 1.5Mo 0.5Cu/ 60°V, PA
20 mm plate

<100

1.0/1.5

TIG/pulsed MIG,
3+11 beads

12Cr 6.5Ni 2.5Mo 0.5Cu/ 60°V, PA
20 mm plate
2Cr 6.5Ni 2.5Mo 0.5Cu/ 60°X, PA
20 mm plate
12Cr 6.5Ni 2.5Mo 0Cu/
60°V, PA
pipe ⭋ 255 mm, t= 13 mm

<100

1.0/1.5

<100

0.7

<100

1.5/ 2.8

TIG/pulsed MIG,
3+11 beads
side 1: 11 beads
side 2: 3 beads
TIG/pulsed MIG,
1+2 beads

Table 1. Welding conditions for pipe girth weld and plate butt welds in supermartensitic steels.
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Nieq(Cu)=40(C+N)+2Mn+4Ni+Cu

> 0.02 %C < 0.01 %C

F + FA solidification

M+A
M+F+A

M
M+F

Figure 3. Ferrite (white phase) in a
mainly martensitic 1.5% Mo weld
metal solidifying as ferrite.

Creq =Cr+6Si+8Ti+4Mo+4Nb+2Al

Figure 5. Constitution diagram for supermartensitic weld metals. Information is
provided about the solidification mode and microstructural constituents, including
the presence of significant amounts of retained austenite at two different C levels.

of consumable development. The
negative effects of ferrite, austenitic solidification and excessive
residual austenite content have to
be avoided to obtain the optimum properties. However, no diagram or equation covering the
range of compositions studied in
the present investigation could be
found in the literature. A new
constitutional diagram for supermartensitic weld metals therefore
had to be constructed.
Like earlier diagrams proposed
by Balmforth and Lippold (refs. 9
and 10), the new diagram was
based on the Kaltenhauser Cr
and Ni equivalents (ref. 11), but
the compositional range was extended and Nb and Cu were included in the compositional factors. Limiting boundaries between different microstructural regions (Fig. 5) were defined from
microstructural information for a
large number of experimental
welds, plotted on the diagram.

Figure 4. Ferrite (white phase) formed
during ferritic/austenitic solidification
of a mainly martensitic 2.5%Mo weld
metal.

the C content, was the sometimes
unacceptably high amount of retained austenite in some of the
most highly-alloyed experimental
grades.
Supermartensitic weld metal
constitution diagram
The need for a tool capable of
predicting weld metal microstructure from chemical composition
was recognised at an early stage

Weld/steel

The new diagram was found to be
very useful in defining the optimum consumable compositions
suitable for steels with a varying
Mo content.
Representative micrographs
for weld metals belonging to the
martensite (M), the martensite
and ferrite (M+F) and the mixed
solidification microstructural regions of the constitution diagram
(Fig. 5) are shown in Figures 2, 3
and 4 respectively.

Simulated production
welds
Welding conditions
Consumables producing the desired weld metal microstructure
were selected for welding trials in
pipe and plate material using simulated production welding procedures. Metal-cored wires with
1.5%Mo (OK Tubrod 15.53) and
2.5%Mo (OK Tubrod 15.55) were
used for the butt welding of 20

C

N (ppm)

Si

Mn

Cr

Ni

Mo

Cu

O (ppm)

Steel:
Plate: 12Cr 4.5Ni 1.5Mo 0.5Cu
Pipe: 12Cr 6.5Ni 2.5Mo 0Cu
Plate: 12Cr 6.5Ni 2.5Mo 0.5Cu

0.023
0.010
0.020

112
87
130

0.19
0.17
0.10

1.96
0.50
1.76

11.5
12.3
12.4

4.5
6.6
6.5

1.3
2.5
2.3

0.48
0.02
0.49

51
63
110

Weld:
MIG/TIG-1.5Mo
TIG/MIG-2.5Mo
SAW-2.5Mo
TIG/MIG-2.5Mo-pipe

0.017
0.012
0.008
0.009

80
90
220
135

0.63
0.33
0.35
0.31

1.32
1.97
1.78
2.0

12.4
12.5
12.6
12.5

6.7
7.0
6.9
7.0

1.5
2.3
2.4
2.2

0.55
0.50
0.50
0.44

230
270
670
284

Table 2. Chemical composition (wt.%) of steels and weld metals.
Svetsaren No. 3 1999
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mm 1.5%Mo and 2.5%Mo supermartensitic plates and for the
girth welding of a 2.5%Mo pipe
with an outer diameter of 255
mm and a wall thickness of 13
mm. As shown in Table 1, TIG
was used for root passes in MIG
welds, whereas the SAW welding
of plate material was performed
from both sides in an asymmetrical X joint. The pipe girth weld
was completed in only three passes, one TIG root pass and two
MIG passes (Fig. 6), with a heat
input of approximately 2.8
kJ/mm.

in good agreement with the experience acquired from the experimental welds. The strength was
clearly overmatched, as is evidenced by cross-weld tensile test
fractures appearing in the parent
material, and the ductility was
sufficient to pass bending tests
(Tables 3 and 4). The maximum
hardness was approximately 350
HV10 or below and, as expected,
the impact toughness was strongly dependent on the oxygen content (Table 2). However, a comparison of the impact toughness
of the TIG/MIG-2.5Mo pipe weld
and the TIG/MIG-2.5Mo plate
butt weld produced the somewhat
unexpected result that a higher
heat input and larger weld beads
were beneficial (Tables 3 and 4).
This result is contrary to what has
been seen for experimental welds
and further studies are clearly
needed to establish the effect of
heat input on impact toughness. It
is encouraging, however, that high
productivity welding procedures
could also offer advantages in
terms of improved toughness.

Microstructure and chemical
composition
All the plate and pipe welds were
defect free and had a largely martensitic microstructure. The chemical compositions of weld metals
and parent materials of simulated
production welds are presented
in Table 2. It can be seen that
TIG/MIG welds in a high-C parent material have a C content of
above 0.010%, whereas the SAW
and the TIG/MIG welds in the
low-C pipe material have
0.008%C and 0.009%C respectively.

Figure 6. Cross-section of TIG/MIG2.5 Mo pipe girth weld in 2.5% Mo
pipe with a wall thickness of 13 mm.
(Consumable: OK Tubrod 15.55)

duced with supermartensitic consumables have a corrosion resistance comparable to that of the
parent material. The tests were
performed on specimens machined from welds in the as-welded condition. In this particular
environment, a PWHT, decreasing hardness and lowering residual stresses, does not therefore appear to be necessary to ensure
sufficient corrosion resistance.

Future supermartensitic
welding consumables

Corrosion resistance
The preliminary results from SSC
testing in formation water (20°C,
20 bar pCO2, 100,000 ppm Cl–,
4 mbar or 40 mbar pH2S,
4.5<pH<5) show that welds pro-

Mechanical properties
The mechanical properties of the
simulated production welds were

Although the development of
matching composition supermartensitic welding consumables is
still progressing rapidly, it is al-

Impact toughness
(J)

Cross weld tensile strength
(MPa)

Maximum hardness
(HV10)

Face bend

Side bend
(t=10 mm)

–60°C –40°C –20°C +20°C

Rm

Weld metal

HAZ

⭋ 3 x t, 120°

⭋ 4 x t, 180°

895*

323

326

OK

OK

58

66

75

80

* Fracture in parent material

Table 3. Mechanical properties of TIG/MIG-2.5Mo-pipe girth weld (consumable: OK Tubrod 15.55) in a 2.5 % Mo supermartensitic pipe (⭋ 255 mm, t= 13 mm).

Weld

Impact toughness (J)

Weld centre
–40°C –20°C
TIG/MIG-1.5Mo
TIG/MIG-2.5Mo
SAW-2.5Mo

63
50
38

64
50
40

Cross weld tensile
strength
(MPa)

Maximum hardness
(HV10)

Bend testing

Fusion line
–40°C –20°C

Weld
metal

HAZ

Rm

Face Root
⭋ 3 x t, 120°

184
77
66

898*
905*
–

348
351
–

359
363
–

OK
OK
–

175
65
76

Side (t=10 mm)
⭋ 4 x t, 180°

Fissures OK
OK
OK
–
–

Table 4. Mechanical properties of welds produced with OK Tubrod 15.53 and 15.55 metal-cored wires in 20 mm supermartensitic plate material.
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ready obvious that this concept
offers a number of advantages in
terms of properties, productivity
and the chance to perform a
PWHT when desired.One further
advantage that is often overlooked is the fact that a martensitic weld metal microstructure is
expected for all levels of dilution
with parent material when welding with a supermartensitic consumable. This is clearly an advantage compared with what happens when using duplex or superduplex consumables, as the resulting microstructure in this case is
directly related to the degree of
dilution.
In conclusion, although the further fine tuning of matching composition supermartensitic consumables is expected, it is now
possible to predict the microstructure from the new supermartensitic weld metal constitution
diagram and the relationship between microstructure, composition
and properties is fairly well
understood. It is therefore most
probably only a matter of time
before supermartensitic consumables replace duplex and superduplex in the welding of supermartensitic stainless steel.

Conclusions
Metal-cored wires have been developed for supermartensitic
steels; OK Tubrod 15.53 with
1.5%Mo is suitable for steels with
0–1.5%Mo and OK Tubrod 15.55
with 2.5%Mo is intended for
steels with an Mo content of up
to 2.5%Mo. A very low C and N
content (<0.01%) was consistently obtained in SAW, MIG/MAG
and TIG welding.
A constitution diagram was
designed for supermartensitic
weld metals defining the compositional ranges that produce a
martensitic microstructure and
providing information on the
solidification mode and retained
austenite.
Weld metal strength overmatched parent material strength,
apart from excessive weld metal
residual austenite content. The
maximum hardness was approximately 350 HV10 or lower at
0.010%C. The impact toughness
was critically dependent on the
Svetsaren No. 3 1999

weld metal oxygen content and
was reduced by residual ferrite.
A short (5 min/620°C) PWHT
increased impact toughness and
reduced hardness.
SSC testing shows that welds
produced with supermartensitic
consumables have a corrosion resistance comparable to that of the
parent material.
It is shown that supermartensitic consumables can be used
with realistic fabrication welding
procedures to produce high-quality welds with mechanical and
corrosion properties that match
requirements.

9. J.C. Lippold, 1991, A review of the
welding metallurgy and weldability of
ferritic stainless steels. EWI Research
Brief B9101.
10. M.C. Balmforth and J.C. Lippold,
1998, A preliminary ferritic-martensitic stainless steel constitution diagram. Welding Journal, Vol. 77, No. 1,
pp. 1s-7s.
11. R.H. Kaltenhauser, 1971, Improving
the engineering properties of ferritic
stainless steels. Metals Engineering
Quarterly, Vol 11, No. 2, pp. 41-47.
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Linepipe welding beyond 2000
by D.J.Widgery, ESAB, Waltham Cross, U.K.

Despite low oil prices and slow
world economic growth, pipeline construction continues at a
rate of 20–25 000 km per year.
A large part of this arises
through the demand for natural gas, spurred on by the need
to reduce CO2 emissions —
natural gas produces 50% less
than coal and 30% less than
oil. Pipelines vary from around
15 centimetres to more than a
metre in diameter and in length
up to thousands of kilometres.
Individual pipes are normally
12 m, or occasionally 18 m in
length so every kilometre of line
requires 83 or 56 welded joints.
While in many cases there are
similar technical requirements for
process pipework within the factory fence and for linepipe outside the fence, there is a fundamental economic difference between the two. Many sections of
process pipework can be welded
at the same time: if a faster rate
of progress is needed, more welders can be deployed. Line pipe
laying, on the other hand, involves such a large team of operators and heavy equipment, not
only for welding but also for
trenching, pipe handling, NDT
and so on, and such disruption of
agricultural or other activities
along the right of way, that each
section of pipeline, in the West at
least, is laid progressively from
one end to the other. The pipe
can only advance across the country, or indeed the sea bed, as fast
as the individual sections can be
joined together. Not only is welding always on the critical path for
pipe laying, but it is generally the
single rate-determining process in
the activity. This puts a high premium on speed and productivity
in pipeline welding. Several companies of the ESAB Group have
been involved in this activity for
many years and can offer a range
of options for pipe welding.
8

MMA welding
The first arc-welded pipelines
were joined using cellulosic electrodes, which were developed in
1929. The breakthrough in production speed came in 1933 with
the introduction of the “stovepipe” technique in which the electrodes were used in the downward direction for all passes including the root. With only minor
changes, stovepipe welding is still
used today on a wide range of
pipelines. Several characteristics
of cellulosic electrodes make
them ideal for the purpose. The
coating is very thin and requires
little energy to melt it, so nearly
all the electrical energy of the arc
is available to melt the electrode
and parent steel. Organic material in the coating produces a voluminous gas shield which protects
the weld metal from the atmosphere even when the arc length
varies, so the welder can use variations in arc length to exercise
limited control over melting and
penetration, helped by a suitable
power source. Hydrogen ions in
the arc plasma increase penetration. Slags are formulated to be
fast freezing so that high currents

can be used in the vertical-down
position without the slag running
ahead and flooding the arc. All
these features of the first E6010
cellulosic electrodes are continued in today’s types.
One further characteristic distinguishes ESAB’s Pipeweld electrodes. For some 45 years, cellulosic electrodes were formulated
to run with high arc voltages in
the belief that, as in the case of
E7018 and especially E7024
types, this would lead to higher
metal deposition rates. When put
to the test in 1978, however, this
idea proved to be false. Both
commercial products and electrodes specially formulated to run
at high and low arc voltages all
showed the same core burn-off
rate at a given current. Unlike
electrodes which produce a “cup”
of flux at the tip within which the
heat of the arc is retained, any extra arc voltage in the case of cellulosic electrodes simply results in
more radiant heat being lost from
the arc column. This is not to say
that all cellulosic electrodes deposit metal at the same rate, but
it is found that the real differences which exist arise from varying
Svetsaren No. 3 1999
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spatter losses rather than from
varying burn-off rates. This is
good news for the welder, who
since the introduction of the
Pipeweld series in 1979 no longer
has to put up with a harsh arc in
the belief that this is the fastest
way to weld pipe: a smoother, less
spattery arc is not only more
comfortable but offers productivity advantages as well. For rooting, the old-established E6011
type, NuFive, achieves a similar
result with a mixed sodium and
potassium binder.
Welding engineers unfamiliar
with traditional stovepipe welding
are often alarmed to discover that
the cellulosic electrodes give weld
hydrogen contents typically in excess of 50 ml/100g. This has not
prevented them from being used
without problems on steels up to
API 5LX 70, since the procedures
developed, especially the use of a
hot pass following immediately
after the root pass to temper the
bead and HAZ, were designed to
deal with that situation. However,
for higher strength steels, or where
hydrogen cracking is thought to
pose an unusual risk, such as in
hot tapping operations, basic electrodes designed to operate in the
downward direction have been developed. The best known of these
is Filarc 27P, which allows a significant improvement in pipe welding
productivity as compared with
conventional E7016 or 7018 electrodes and has an established
record over 20 years of pipe welding. This has now been joined by
the higher strength 37P, which is
suitable for pipe grades up to X80.

for other pipelines to distribute
the newly discovered natural gas
from the North Sea.
Although thousands of kilometres of pipeline were laid semiautomatically using CO2 with solid wire, the possibility of increasing speeds still further led to efforts to mechanise or automate
the gas-shielded process. Several
of these were successful and today this is the preferred method
for offshore and long-distance onshore pipelines.
Mechanised pipe welding systems now all use on-site end bevelling to guarantee the good fitup that is needed to make high
production speeds possible. Two
broad categories of rooting system are available. CRC use an
internal welding bug, while several other companies use copper
backing rings of ingenious design,
with all welding from the outside.
Many thousands of kilometres of
pipe have been successfully laid
with both systems. For mainline
welds, welding is in the downward
direction for root, filling and capping passes. Welding parameters
are increasingly under computer
control, so modern pipe welding
systems can legitimately be described as automatic.
In the early days of mechanised pipe welding, 0.9 mm (0.035
in) Oxweld 65 triple-deoxidised
wire was widely used and the
same wire, now known as Spoolarc 65, is still supplied by the
ESAB Group. A more recent development, Spoolarc XTi, is available where improved toughness is
required.

Semi-automatic and
mechanised welding

Tubular wire

The development of CO2-shielded welding in the USSR in the
1950s opened the way for semiautomatic pipeline welding and
the first CO2-welded cross-country pipeline in the USA was laid
in 1961. Two years later, a company which became part of the
ESAB Group was involved in the
first UK pipelines to be welded
with the CO2 process, the South
Wales Supergrid and the Pennine
Spur. By 1966 the process had
been greatly refined for the
North Wales Supergrid and later
Svetsaren No. 3 1999

While the advantages of tubular
wire have led to its widespread
adoption in many other sectors,
pipe welding has always been a
conservative industry and has
been relatively slow to move to
tubular wires. That situation
seems to be about to change.
One reason why semi-automatic pipe welding with solid wires
did not replace MMA pipe welding to any great extent was users’
fear of lack-of-fusion defects. At
the same time, the main reason
why tubular wires have succeeded
while solid wires have failed in

other industries such as shipbuilding is their lower susceptibility to lack of fusion.
For semi-automatic pipe welding, modern all-positional rutile
flux-cored wires such as OK Tubrod 15.17 offer a low-hydrogen,
high productivity alternative to
cellulosic electrodes. Because rutile wires combine a very controllable spray transfer at all currents
with a slag stiff enough and voluminous enough to support the
weld metal in welding vertically
upwards, there is less to gain by
welding downwards than there is
with MMA electrodes and most
procedures are for upward welding. Rutile wires have found a
particular place in carrying out
repairs and tie-ins, where mechanised welding is not always feasible or where ultimate speed is
less important than it is in main
line welding. In the early days of
CO2-shielded pipe welding, loss
of shielding when the wind blew
could be a source of weld porosity. Today, the tents in which
welding is performed are so well
sealed that on one recent line
there were reports of welders suffering from lack of oxygen as the
tent filled up with shielding gas,
so the use of argon mixtures of
lower density than CO2 is possible without risking loss of
shielding.
The relatively high speed with
which it was possible to weld
open pipe roots with solid wire
under CO2 can also be achieved
with modern metal-cored wires of
the type designed for CO2 operation, such as OK Tubrod 14.12,
while the risk of defects is reduced at the same time. If one
lesson has been learnt by the
whole pipe welding industry since
the 1960s, though, it is the advantage of using on-site end preparation and efficient clamping to ensure reproducible joint geometry
even when fully automatic welding is not used. Only in this way
can open roots be welded at optimum speed.
Metal-cored tubular wires been
not been regarded as a viable replacement for solid wires in
mechanised pipe welding until
very recently, though their use is
now starting to be seen as logical.
9
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A 1.2 mm metal-cored wire is
typically used in place of a 1.0
mm solid wire as the tubular type
is of lower density. Productivity is
improved by up to 20% and it is
hoped that as statistical evidence
is gathered, it will be possible to
reduce the defect incidence below
the 5–6% regarded as acceptable
for solid wires.
For parts of the world where
shielding gas is not readily available, self-shielded tubular wires
for pipe welding have been available for more than 20 years. These are magnificent examples of
the consumable developer’s art,
and it is difficult not to be impressed by the ingenuity which
goes into their design. Unfortunately, compromises have to be
made in formulating self-shielded
wires and productivity tends to
suffer as compared with gas-shielded types. As a result, the number
of lines laid with self-shielded
wire remains small, though that
could change as the proposed
pipelines across Central Asia
start to be built.

Double jointing
The rate of progress of a pipeline
across country is equal to the rate
of butt welding multiplied by the
length of a pipe section. Where it
is possible to double the length of
the sections by welding them offline, or “double jointing”, the
speed of the line is similarly doubled. The feasibility of double
jointing depends on access to the
site: if the right of way is straight
and wide, even triple jointing may
be possible in some cases. Double
or triple jointing is now common
on laybarges laying offshore pipelines.
The advantage for the welding
engineer of welding off-line is that
the pipe can be rotated so that
welding is all downhand, thus allowing the very productive submerged arc process to be used. For
many years, the standard consumables for the job were OK Autrod
12.34 with OK 10.71 flux, which
are suitable for pipe steels up to
X70 grade. A more recent development is the use of tubular wires
for the submerged arc process.
Where double jointing is carried out on a lay barge, the pro10

cess may be strictly off-line, but it
is still required to keep up with
the fixed position welding. In that
case, the conventional use of a
single 3 or 4 mm diameter solid
wire may not be fast enough. The
use of twin 2.4 mm solid wires
can speed up the process, but tubular wire also brings benefits of
up to 30% in productivity compared with solid wire and it too
lends itself to twin arc welding.
OK Tubrod 15.24, a 1% Ni wire,
gives excellent results for double
jointing and is again used with
OK 10.71 flux.

Welding high strength
pipe steels
Pipe steels with yield strength up
to 480 MPa (X70) are now in
common use and a full range of
MMA electrodes, solid and tubular wires is available to weld
them. The first X80 pipelines with
a minimum yield strength of 550
MPa have been laid on land and
investigations are under way to
look at the practicality of offshore lines in X80 steel.
One of the questions which
has to be answered about welding high strength steels in general and pipe steels in particular is
whether the weld metal is
should overmatch the parent
steel. Most pipe welding standards such as API 1104 require
the weld metal to match the
specified minimum tensile
strength of the pipe but specifically exclude any need to match
the actual pipe strength. Given
that in service the major stress
acts on the longitudinal weld,
this may seem reasonable and it
is the basis on which land lines
have so far been laid. At the
X80 strength level, it is generally
concluded that cellulosic electrodes will only be used for the
root and perhaps the hot pass,
since it may be difficult to achieve the required toughness and
resistance to hydrogen cracking
using them in the fill and cap
passes. In the root, a degree of
undermatching is usually permissible, even to the extent of
using the E6011 NuFive electrode, provided the bulk of the
joint is filled with weld metal of

matching strength. For the filling
and capping passes, the E9018-G
electrode Filarc 37P is used in
the vertical-down direction.
Alternatively, a rutile flux-cored
wire such as OK Tubrod 15.19, a
stronger version of 15.17, may
be used in the upward direction.
In mechanised vertical-down
welding, where a narrow joint
preparation is combined with a
high travel speed so that weld
cooling rates are extremely high,
even carbon-manganese consumables such as Spoolarc XTi can
produce weld metals strong and
tough enough to match most
specifications for welding X80
pipe.
For offshore lines in X80 pipe,
some contractors may look for
weld metals which overmatch the
actual rather than the nominal
pipe strength in order to take advantage of new ways of calculating allowable defect size. Metalcored wires such as Tubrod 14.05
and 14.06 not only allow real
overmatching of X80 pipe, but offer a significant productivity advantage at the same time. For the
future, constant development of
new electrodes and wires in
ESAB’s laboratories will allow
any foreseeable grades of pipeline steel to be successfully
welded.
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Tanko know-how in doublehead tanks
by Ben Altemühl, Filarc Welding Industries, The Netherlands
The heads, four for each tank,
consisted of sixteen sectors and
one spherical plate, all of them
cold formed.
Suitable working procedures
were used to keep the final tolerances within 0.1%.

Welding

Tanko S.P.A. (Syracuse,
Italy) is a firm specialising in the manufacture
of tanks which are ready
for use for the storage of
oil and gas products.
The product range comprises both traditional
tanks and cryogenic
ones for low-temperature application (LNG).
Double-head tanks
Tanko has acquired a great deal
of experience of manufacturing
vessels for LING transportation
by sea. In this application, the
first three in a series of doublehead tanks (intersecting vessels)
have been already delivered to
Fincantieri to be used for LPG
(NH3) at a temperature of –48° C
and a pressure of 5 bar. At present, Tanko is finishing the second
set of double-head tanks for the
same customer.
Svetsaren No. 3 1999

In all, the estimated working
time totals 300,000 man-hours.
The base material in these vessels was 13 Mn Ni 63 (EN
10028/4), a fine-grain steel, and
they were assembled, tested and
insulated at the Punta Cungo
yard (Syracuse, Sicily).
After being completed, the
tanks were transported on large
barges to Genoa harbour where a
proper portal crane had been
constructed to lift and load the
vessels onto the ship.
Each double tank was 32 metres long, 21 metres wide and 12
metres high, with a weight of 700
tonnes.
Due to the dimensions, the vessel was not fully constructed indoors, but a yard was set up where the three sub-assembled components were joined together to
create a single tank.
For a single double vessel,
more than 150 plates were used,
longitudinally and circumferentially welded to one another
and to the central partition
plate.

In addition to the cold forming of
the head components, the working procedure included plate cutting, bevelling, bending and welding.
The head sectors were welded
using the SAW process, while
SAW and FCAW processes were
used for most of the total welds,
where stick electrodes were used
on quite a small scale.
All the vertical joints were
welded with Filarc PZ 6125,
0.9% basic flux-cored wire and
all the circumferential joints
were welded with sub-arc consumables and a circomatic welding machine.

Inspection and rules
The tanks were designed and
manufactured to comply with the
most rigorous national and international rules.
All the outer shell welds and
all the butt joints were checked
100% by RX, while a 100% UT
inspection was carried out on the
partition plate joint to the main
shell.
The entire project complies
with EN ISO 9001.

The welding consumables
supplied by ESAB Italy were:
SAW:

Siderfil Ni 26
(Siderotermica Brand)
+ OK Flux 10.62
FCAW : Filarc PZ 6125
SMAW: Filarc 75
11

Svetsaren 3,1999

2000-01-20 15.26

Sidan 12

Welding engineering
standardisation—
international and European
by Olof Dellby, Svetskommissionen, Sweden and Ulf P Karlsson, ESAB, Laxå, Sweden

tailed technical rules were no
longer included in directives but
in harmonised standards.

ISO/TC44 Welding and
allied processes

Welding of heat exchanger.

International standardisation is organised by
the ISO and IEC. The
ISO is responsible for
most standardisation.
The IEC is responsible
for electrotechnical standardisation.
European standardisation is organised by the CEN, CENELEC
and ETSI. The CEN is responsible for most standardisation.
12

The CENELEC is responsible for
electrotechnical standardisation,
apart from telecommunications,
for which the ETSI is responsible.
International welding standardisation within the ISO began in
1947 when ISO/TC44 Welding
was set up. European welding
standardisation began in 1987
when CEN/TC121 Welding was
created. The CEN had been in
operation since 1960, but it became far more active when the
EU decided on a new method in
the mid-1980s. As a result, the de-

The set-up is shown in Figure 1.
The chairman is Jean-Pierre
Gourmelon of France. The secretary is Hélène Brun-Maguet,
AFNOR, France.
In the “Vienna Agreement”,
the ISO and CEN have agreed
to co-operate in order to avoid
the duplication of work. When it
comes to welding, about 70% of
the standards are the same for
the ISO and CEN. Some of the
standards are prepared within
ISO/TC44, while CEN/TC121 is
responsible for the remainder.
SC3 Welding consumables was
reorganised in 1994. SC3 has since published ISO14175 (EN439)
Shielding gases for arc welding
and cutting.
The International Institute of
Welding, IIW, has been accepted
by the ISO as an international
standardising body. IIW Commission II Arc Welding is developing some standards for welding consumables.
There are two different systems for the classification of
welding consumables—one in
Europe, the other in the “Pacific
Rim” countries. The existence of
these two systems has made it
impossible to prepare standards
for the classification of welding
consumables that can be accepted on a worldwide basis. The solution that is now being tested is
to prepare “cohabitation standards”. In these standards, there
are two routes, if necessary, one
European, the other “Pacific
Svetsaren No. 3 1999
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Welding of ship hull.

Fig. 1. ISO/TC44 Welding and
allied processes with subcommittees.
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SC9
SC8
SC7

Welding consumables

SC6

Arc welding equipment

SC5B

Testing and inspection of
welds

Representation and
terms

Non-destructive
examination

SC4

SC6

Resistance welding

Gas welding equipment,
cutting and allied
processes

Quality management in
the field of welding

SC3

SC7

Representation and
terms

Brazing and soldering

Welding consumables

SC2

SC8

Gas welding equipment

Health and safety in
welding and allied
processes

Approval requirements
for welding and allied
processes personnel

SC1

SC9

Health and safety

CEN/T C 121
Welding

Specification and qualification of welding procedures
for metallic materials

WG13

SC12
SC11
SC10

Unification of
requirements in the field
of metal welding

SC4

Approval requirements
for welding and allied
processes personnels

SC3

Soldering and brazing
materials

SC5

ISO/TC44
Welding and allied
processes

Destructive tests on
welds

Fig. 2. CEN/TC121 Welding
with subcommittees and one
of the working groups.

Rim”. The first cohabitation
draft will be sent out for DIS
voting at the beginning of 2000.
SC4 Arc Welding Equipment,
see IEC/TC26.
SC6 Resistance welding has
prepared a large number of
standards and work to revise
them has just started. Nearly all
of them have become European
standards.
SC7 Representation and
terms has prepared standards including ISO2553 welded, brazed
and soldered joints—symbolic
representation on drawings. This
standard is due for revision. There are two systems for welding
designations, ISO2553 and the
US AWS. The existence of two
systems means that there is a
risk of mistakes. Most of the
SC7 standards have been accepted by CEN/R121.
SC8 Gas welding equipment
has prepared a large number of
standards. Unfortunately,
CEN/TC121/SC7 Gas welding
equipment has not accepted the
ISO standards but has prepared
its own standards which deviate
to some extent from the ISO
standards.
SC10 Unification of requirement in the field of welding has
prepared standards including
ISO5817 Arc welded joints in
steel—fusion welding—guidance
on quality levels for imperfections. This standard is currently
being revised. Some SC10 standards have been accepted by
CEN/TC121. Otherwise, SC10
accepts European standads.
SC5 Testing and inspection of
welds,
SC9 Health and safety and
SC11 approval requirements
for welding and allied processes
personnel run small operations
of their own. The sub-committees accept European standards.

IEC/TC26 Electric
Welding
International standards for welding equipment are handled by
IEC TC26. The committee has a
German secretariat, with Dr. Karl
Böhme as its secretary, and a
Swedish chairman, Ulf P Karlsson. Within ISO/TC44, there is a
subcommittee, SC4, entitled “Arc
13
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Number

Title

Status

Date

Personal comment

IEC 60974-1

Arc welding equipment.
Part 1 Power sources

Published
Revised

1989
1998

Unfortunately, it has not yet
been published as an ISO standard

IEC 60974-1, A1

Amendment
Plasma power sources

FDIS

January 2000

Published 2000 at the earliest

IEC 60974-2

Liquid cooling systems

CD

December 1999

Published 2002 at the earliest

IEC 60974-3

Arc starting and stabilising
devices

WG doc

CD in March 2000

IEC 60974-4

Pulsed power sources

IEC 60974-5

Wire feeders

CDV

January 2000

Published 2001 at the earliest

IEC 60974-6

Power sources for
manual welding with
limited duty

WG doc

March 2000

Currently it exists as a European
standard EN 50060

IEC 60974-7

Torches.

FDIS

September 1999

Published 2000 at the earliest

IEC 60974-8

Plasma cutting systems

IEC 60974-9

Graphical symbols for
arc welding

NWI

Requires approval
of IEC TC3

IEC 60974-10

EMC requirements

CDV

January 2000

Currently exists as a European
standard EN 50199.

IEC 60974-11

Electrode holders

Published

1992

For revision 2002

IEC 60974-12

Coupling devices for
welding cables

Published

1992

For revision 2002

Terms for arc welding
equipment

PWI

Requires approval
of IEC TC3

IEC 60974-13

Already implemented in 60974-1

Becomes part of 60974–1, through
Amendment 1 and part of –7, Torches.

Table 1. IEC/TC336 Electric welding.

welding equipment”. At the present time, there is no rivalry between the two groups. To reach
globally accepted standards, the
two organisations have joined
forces and set up a joint working
group (JWG1) with the chairman
of IEC/TC26 as the convener.
The aim of IEC/TC26 together
with ISO/TC44/SC4 is to produce
a series of standards covering
welding equipment and accessories of all kinds.
Table 1 shows the present situation in terms of published standards and standards under preparation:

CEN/TC121 Welding
The set-up is shown in Figure 1.
The chairman since the start in
1987 has been Birger Hansen,
Denmark. The secretary is Lone
Skjerning, DS, Denmark.
TC121 prepares general standards for welding. TC121 hopes
that the CEN TCs preparing
product standards will make reference to the TC121 standards in14

stead of making their own rules
for welding. TC121 has no power
to force the product standards
committees to use TC121 standards. This is the weak point in
the CEN system. There is no central authority in the CEN responsible for co-ordinating the rules in
different standards.
WG13 Destructive tests on
welds has published standards for
destructive testing, bend testing
and tensile testing of welded joints.
SC1 Specification and qualification of welding procedures for
metallic materials has published
eight standards in the EN288 series. These standards are now
under revision and the prENs will
be sent out in the beginning of
year 2000. SC1 has also published a technical report on materials classification for welding.
SC1 is preparing an extension of
the EN288 series with a new
numbering system, see Figure 3.
SC2 Approval requirements for
welding and allied processes personnel has published EN287-1

Welder approval—Steel, EN287-2
Welder approval—Aluminium
and EN719 Welding co-ordination. Standards for copper and
nickel has also be published.
EN287-1 is under revision, prEN
is expected in 2000.

SC3 Welding consumables
SC3 has published 19 standards.
Most of them are classification
standards for consumables of various types. SC3 has also published some standards on the testing of consumables. SC3 has prepared a standard on type approval that is now under consideration. This standard and a standard
with supplementary tests are intended to be used in a European
system for the type approval of
consumables. In addition to the
standards, the CEN members
must agree on a voluntary system
for the reciprocal approval of
consumable testing, i e consumables approved in one CEN country are approved in all other CEN
countries.
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SC4 Quality management
in the field of welding
SC4 has a large scope. It is a “mini
TC121”. The most important standard SC4 has published is the
EN729 series, EN729—Quality requirements for welding—Fusion
welding of metallic materials. These standards are “umbrella” standards for welding. They provide
good support for a company using
welding in its production to ensure that the welding is done in a
competent manner. The use of
these standards will considerably
reduce the problems and enhance
the quality.
The EN729 series is intended
for arc welding. For resistance
welding, SC4 has prepared prEN
ISO14554, which will be published
in 2000.
Another important group of
standards is the EN1011 series.
EN1011-1 General Guidance for
arc welding has been published.
EN1011-2 Ferritic steels has recently been sent out for a second
round of consideration in the near
future. It has not been possible to
agree on one system for determining the preheating temperature. The standard has two systems, one British, which is a modernised BS513, and a German system. They give different values. A
working group is discussing various systems for determining the
preheating temperature.
EN1011-3 Stainless steels and
EN1011-4 Aluminium will be
published in 2000.

SC9 Health and safety
SC9 prepares standards for health
and safety in welding that are not
prepared by other CEN committees. SC9 has prepared standards
for sampling airborne particles
and gases in the operator’s
breathing zone and laboratory
methods for particles and so on.
Other CEN committees are
preparing standards related to
health and safety in welding and
allied processes. SC9 follows this
work.

CEN/TC240 Thermal
spraying
CEN/TC240 has published six
standards.
Svetsaren No. 3 1999

TC240 is preparing a series of
standards for quality requirements, prEN ISO 14922-1/4,
which will be published in 1999.

not acceptable if the product
committees write their own welding rules.

Conclusion
CENELEC TC26
European standards for welding
equipment are handled by
CENELEC TC26. The committee has a German secretariat,
with Dr. Karl Böhme as secretary, and a British chairman,
Geoffrey B Melton, TWI. As the
European members of IEC TC26
are the same as the members of
CENELEC TC26, there is normally only some administrative
work involved in transferring an
IEC document to a CENELEC
document and obtaining a European standard at the same time
as the international one by parallel voting.
In 1992, the industry became
aware of the need for an EMC
product standard for welding
equipment. A joint working group
was set up between CISPR/B,
IEC TC77, CENELEC TC210
and CENELEC TC26. Secretary
Geoffrey B Melton, TWI, and
convener Ulf P Karlsson, ESAB.
In December 1995, the product
standard EN 50199 Electromagnetic compatibility (EMC), Product standard for arc welding
equipment, was published.
An international EMC standard has reached the CDV stage.
SC4, see under IEC TC26 Electric welding

There have been some fairly intensive discussions between the
CEN, ISO and IIW. The author is
of the opinion that the different
roles of the organisations are now
understood and co-operation is
good.
In CEN, there is some uncertainty due to the fact that the
product committees are not obliged to adopt the TC121 standards
and can draw up their own rules
for welding.

Acronyms
ISO International Organisation for Standardisation
IEC International Electrotechnical Commission
CEN European Committee for Standardisation
CENELEC European Committee for
Electrotechnical Standardisation
ETSI European Committee for Electrotechnical Standardisation
CD Committee draft
CDV Committee draft for voting
DIS Draft international standard
FDIS Final draft international standard
PrEN Proposal for European standard
NWI New Work Item
PWI Preliminary Work Item
WG doc. Work Group Document

European standards for
welded products
There are standards for simple
pressure vessels, EN286. There is
also ENV 1090-1 Execution of
steel structures—Part 1: General
rules and rules for buildings.
prEN 13445-1/7 Unfired pressure
vessels and prEN 13480-1/7 Metallic industrial piping are being
considered. To some extent, the
first one has its own rules for
welding and refers only partly to
TC121 standards. The second refers to TC121 standards but with
some changes. As the TC121 standards are general, it may happen
that a product committee wishes
to reduce or step up the requirements in a TC121 standard. This
is naturally acceptable, but it is

About the authors
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standardisation. He is also active
in IIW, ISO and CEN and secretary of CEN/TC 121/SC 3 Welding
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Welding consumables.
Ulf P. Karlsson is an electrotechnical engineer at the R&D Department at ESAB Welding Equipment in Laxå, Sweden. He is active
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Stainless Steel
World ’99

Nothing but benefits from
EcoMig
ESAB is now introducing EcoMig, a non-copper-coated welding
wire which improves productivity
and helps to make the environment cleaner.
A special production technique
and the absence of copper coating give the EcoMig wires unique
characteristics. They withstand
high currents and produces a very
stable arc with good penetration
and flow. This results in higher
deposition and improves productivity compared with conventional wire. As there is no copper
coating, there are no stoppages
resulting from copper flakes
which block the wire feed conduit
and contact tips. Our special production technique helps to ensure
reliable feed and good current
transfer in the contact tip.
As far as the welder is concerned, EcoMig improves both
the working environment and
welding. The stable arc produces
less spatter. The joints are uniform and strong. The need for
finishing work with its grinding
dust and distracting noise is re16

duced. The risk of cracking as a
result of copper residue in the
weld metal is eliminated. The
welding fumes are less of a
health hazard as the copper content is lower.
ESAB’s EcoMig wire comes in
two grades—OK Autrod 12.50 for
steel with a minimum tensile
stress of up to 420 MPa and OK
Autrod 12.63 for steel with a minimum tensile stress of up to 460
MPa. EcoMig is supplied in environmentally-sound wire-basket
reels or in the Marathon Pac bulk
package.
The octagonal Marathon Pac
drum is made of environmentallycompatible corrugated board
with an integrated moisture barrier. When the drum is empty, it
can be easily compressed to produce a flat package, which can
then be sorted for recycling. The
wire-basket reels can also be
compacted and recycled. When
EcoMig is introduced into the
production process, the environment experiences an overall improvement.

The Stainless Steel World ’99
Conference and Expo was held
16th to 18th November in the
Hague, The Netherlands. Papers
from major end users and suppliers were presented and ESAB
contributed with 3 papers.
In parallel with the conference,
an exhibition was organised where a large variety of products associated with stainless steels were
displayed. ESAB had an interesting stand at which ESAB’s strength
in important sectors such as pulp
& paper, chemical tankers and
cryogenic applications were
shown.
A lot of products were on display such as covered electrodes in
VacPac, flux cored wires and
SAW wires and flux, MIG and
TIG wires and ESW/SAW strips
and fluxes for cladding. The orbital TIG welding equipment
Mechtig 160 and the PRB welding head for tube-to-tube welding
also attracted great interest.
The conference attracted 250
delegates from key industries and
another 3.000 people visited the
exhibition.
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Intelligent process control — NCE 620

The numerical control is the heart
of any cutting process. The new
NCE 620 is fast, precise, and loaded with the entire range of pro-

cess data. It controls all process
parameters for any cutting process. After material type, thickness, process and desired cut quality has been selected the NCE
620 automatically sets ideal cutting speed, delay times, gas pressures, gas mixtures and other variables. The cutting database includes process data for laser, plasma.
oxy-fuel and water-jet cutting.
The NCE 620 utlizes the
modern high-speed processor to
implement intelligent motion control algorithms. This technology
allows high dynamic accuracy,
improved acceleration-decelera-

tion, and faster response to dynamic loading while optimising servo control command signals.
The high-speed processor
allows new levels of motion control accuracy, resulting in higher
quality parts at lower total cost.
This high precision motion control can increase the life of the
cutting equipment by reducing
wear on servos and gearboxes.
The NCE 620 can be connected
to hosts, network, the Internet and
Intranet, thus improving communication with production planning
and process control systems.

ESAB plasma makes the cut
Where do you go when you’re
faced with the task of dismantling
a radioactive laboratory? The
people at Oak Ridge Laboratories contacted Manufacturing Sciences Corporation, which in turn
studied the available processes
and equipment manufacturers
and determined that ESAB Plasmarc™ equipment was a cut above the rest. Through in-depth time
studies and a review of the many
different types of cuts required,
MSC determined that the ESAB
E SP-200 plasma system was the
smart choice. The versatility of the
ESP-200 is apparent in the requirements of both manual and
mechanized cutting. Either manual cutting with the PT-26 torch or

mechanized cutting with the PT19XLS torch mounted on fixtures,
the ESP-200 provides the cutting
speeds required to fulfill the pace
of this multi-year project. Major
fixturing was required to make
two simultaneous cuts down the
length of low level radioactive
pipes. The pipes range in size from
2 inches (5 cm) to 3 feet (100 cm)
diameter and up to 3/4 inch (19
mm) thickness. Other areas require hand cutting with the PT-26
torch and still others require contour cutting with X–Y coordinate
drive shape cutting table. All cuts
with the sixteen ESP-200 systems
are made with air in the manual
or mechanized mode allowing
complete commonality of repair

part throughout. In addition to
the sixteen ESP-200 systems, one
ESP-100 system with the PT20AM torch was put into service
to cut thinner product as required. This system also uses air
as the plasma gas.
Operators making the cuts with
this equipment are required to
wear full protective suits and are
limited to the time they can spend
in the cutting chambers. Due to
the very harsh environment where these units are operating, MSC
chose ESAB Plasmarc™ systems
because of their proven reliability
and ability to make the cut at the
required speed and cut quality.

Tough environment— easy choice
ESAB MobileMaster wire feeders are built for harsh environment such as construction sites,
pipelines, shipyard, off-shore,
general fabrication and mobile
welding rigs. The totally enclosed,
impact-resistant case protects
welding wire from dirt, metal grit,
moisture and other contaminants
and the unique “rain gutter” door
design keeps water from dripping
Svetsaren No. 3 1999

into wire compartment. Front
controls are located on a recessed
panel to protect dials and switches. The rear handle makes
MobileMaster easy to manoeuvre
into tight spots and the weight is
only 12 kg. The built-in torch holder has composite insulator
MobileMaster wire feeders
operate with reverse polarity
(wire DC+) or straight polarity

(wire DC-). Wire spools with 21
to 31 cm diameter and 20 kg
weight for wires 0.6 mm–2.00 mm
diameter can be used.
Safety features for these wire
feeders include insulated case,
low voltage torch trigger circuit
and overload protection and it is
designed to meet the most rigid
standards including IEC-974-1
specification.
17
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ESAB launches new multiprocess power source
ESAB Welding & Cutting Products, USA recently introduced the
350mpi, an inverter-based welding power source designed for
MIG, DC TIG, carbon-arc gouging and stick welding.
The ESAB 350mpi operates
from a 230/460 volt primary,
either single- or three-phase. The
unit is designed to be self-protecting. In the event that the ESAB
350mpi is accidentally attached to
a higher primary voltage, the
power supply will not be damaged.
The ESAB 350mpi is rated
350 amps at a 60 percent duty
cycle with three-phase input and
225 amps at a 60 percent duty
cycle with single-phase primary
power.
A five-position switch allows
operators to set the unit for MIG,
TIG, CV hot, touch TIG or stick
welding. No external control or
pendant box is needed for any of
these processes. The ESAB
350mpi is compatible with all USproduced ESAB MIG wire feeders including: 28A, 35, 2E, 4HD
and the 5XL Mongoose.

The controls are easy to use
when MIG welding. There is an
eight-position selector knob that
an operator sets for the welding
material: stainless, aluminum,
steel with CO2, steel with argonbased gas shielding, flux-cored
wire or metal cored wire. The
logic of the machine will select
the correct slope and inductance, and give the operator a
usable range of arc trim/force
suitable for the material being
welded.
For TIG welding, operators
have two options, TIG or touch
TIG. The TIG position consists of
a normal DC scratch-start. While
in the touch TIG mode, the machine senses contact between the
electrode and the base metal, so
it can produce a ramp-up of current as the operator lifts the torch
off the base metal.
To stick weld with the ESAB
350mpi, an operator selects the
stick position on the five-position
switch. Automatically, the machine output changes to constant
current, and the output is hot.

Now released:
The FILARC cored wire CD!
The first edition of the digital
international FILARC coredwire catalogue on CD-ROM.
This digital version in English
is interactive. Practical links from
the product data pages and other
catalogue pages lead to welding
procedures, welder guides, application stories and overhead presentations.
The CD-ROM has been developed for use with Acrobat Reader 3.0 software. This software has
been incorporated on the CDROM.
18

Power Mig
420 and 520

The LAW 420 and 520 are two
new, robust rectifiers for MIG/
MAG welding of the ESAB Power Mig range. They are equipped
with large wheels, sturdy lifting
eyelets and an undercarriage specifically designed for transport using a forklift truck. They have a
low centre of gravity, even with
the feeder on top. It goes without
saying that the units conform
with IEC 974-1.
The LAW 420 and 520 power
sources offer a wide current
range and work well with both
CO2 and mixed shielding gases.
They can run both solid and
cored wires including basic fluxcored wires, which calls for high
performance. The LAW 420 can
be loaded to 400 amps at a 45%
duty cycle and the LAW 520 to
500 amps at a 60% duty cycle.
The LAW power sources are equipped with two inductance outlets
for optimised performance. Wellproven, reliable components ensure a minimum of service and
maintenance.
The LAW 420 and 520 are
available with or without water
cooling and in reconnectable versions. A wide range of optional
equipment in the Power Mig system ensures a fine choice of
workshop layouts. The MEK 4
and MEK 4S feeder units are specially designed for use together
with these power sources.
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EcoPac
The box
free bulk
packaging for
cored wires

Filarc 37P— a new electrode
for welding pipelines
Filarc 27P was one of the first
low-hydrogen electrodes to be
specially developed for welding
pipes in the vertical-down position. The reason was quite naturally concern about cracking
when welding material of higher
strength, i.e. pipe steels above
API 5LX 60, but also to increase
productivity in comparison with
cellulose electrodes.
Filarc 27P is suitable for steels
up to API 5LX70. Filarc 108MP
was developed for even higher
strength steels. It is suitable for
welding API 5LX80.

Since the strength and impact
properties are difficult to combine, Filarc 37P is developed to
optimise the properties for API
5LX75 and when overmatching
requirements are specified for
API 5LX70.
In addition to its good mechanical properties, Filarc 37P also
provides much improved productivity compared with cellulose
electrodes because of its higher
recovery, lower spatter and higher
current ability.

Typical properties are:
EcoPac is a box-free bulk packaging intended for high volume users of flux-and metal cored wires.
Since there are no boxes to be
discarded, it simplifies the use of
complete pallets in the workshop
close to the welding sites. Use of
EcoPac is often regarded more
efficient than the standard routine of distributing single boxes
from the warehouse, especially by
larger fabricators.
One EcoPac pallet contains 48
layer-wound 16 kg basket spools,
stacked in 6 layers of 8 spools.
The spools are individually packed in a polyethylene bag, containing a sheet of corrosion inhibiting
paper, and are firmly fixed on a
pallet by means of cardboard plates and a PE wrapping. The net
weight is 768 kg.
EcoPac is available for ESAB
and FILARC brand cored wires.
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New ESAB portable wire
feeder
The MEK20/MEK 20C
Yardfeeder is a new, encapsulated wire feed
unit, weighing only
12,5 kg. The MEK 20
model is used with
ESAB’s well-known A10
system of MIG/MAG
equipment. The MEK
20 C is designed for the
Aristo 2000 system with
its digital CAN bus control system.
This wire feeder has a
robust but compact design and can be carried into confined working areas. In combination with an intermediate feeder
the working range can be extended from 40 metres to no less 64
metres from the power source.
The MEK 20/20C gives excellent and trouble-free feeding with
all types of wire including cored

wire. Extension cables permit any
production layout and quicklocking connections make the setup time very short. The MEK
20/20C features 2/4-stroke functions with pre and post flow of
gas. It is also equipped with adjustable backburn and crater filling timers.
19
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Filler alloy selection for
aluminum welding
By Tony Anderson, Technical Services Manager —AlcoTec Wire Corporation, USA.

The selection of the correct filler alloy is a major factor in the
successful welding of aluminum, and essential for the development and qualification of
suitable welding procedure
specifications. The most reliable method of choosing an
aluminum filler alloy is by using the AlcoTec filler alloy selection chart. Each filler alloy
can produce unique characteristics in the finished weld, and
the filler alloy chart will help
you make the most appropriate
choice. The filler alloy chart
can be found in the AlcoTec
Technical Brochure and the
ESAB Aluminum Solid Wire
and Rod Products Brochure. In
order to successfully use the
filler alloy selection chart, it is
important to understand the
numerous variables which govern the most suitable filler alloy for a specific application.
Unlike steel, where a filler alloy
is usually matched with the tensile strength of the base alloy alone, typically it is possible to weld
many of the aluminum base alloys with any one of a number of
filler alloys. There are usually a
number of filler alloys which will
meet or exceed the tensile
strength of the base material in
the as-welded condition. However, the selection of filler alloy is
typically not only based on the
tensile strength of the completed
weld.
There are a number of variables which need to be considered during the selection of the
most suitable filler alloy for a
particular base alloy and component operating condition. When
choosing the optimum filler alloy,
both base alloy and desired per20

formance of the weldment must
be of prime consideration. What
is the weld subjected to, and what
is it expected to do? We shall examine each of the variables which
we need to consider prior to the
final selection of the most suitable filler alloy for a particular
application.
1. Ease of welding—This is based
on the filler alloy/base alloy combination and its relative crack sensitivity. We shall look at the crack
sensitivity curves which are used
to assess hot cracking sensitivity
for the different filler alloy/base
alloy chemistry combinations.
2. Strength of the weld—We shall
examine tensile strength of groove welds, and shear strength of fillet welds, and consider the filler
alloy effect on these properties.
3. Weld Ductility—We shall examine the effect of filler alloys on
the ductility of the completed
weld, it’s influence on weld performance, and testing methods
used for welding procedure qualifications.
4. Service Temperature—We
shall consider the importance of
filler alloy selection for components used at temperatures above
150° F, and the consequences of
the incorrect selection of filler alloys for these service conditions.
5. Corrosion Resistance—The effect of filler alloy on the corrosion properties of the weld.
6. Color Match—This may be a
major consideration for anodized
aluminum used in cosmetic applications.
7. Post Weld Heat Treatment—
Filler alloy selection can be significantly influenced with the requirement for thermal post weld
heat treatment. The need for a
filler alloy which will respond to
heat treatment may be the only
way to obtain required mechanical properties.

Ease of welding or
relative crack sensitivity
Hot cracking is typically a result of
a metallurgical weakness of the
weld metal as it solidifies and transverse stress across the weld. The
metallurgical weakness may result
from the wrong filler alloy/base
alloy mixture, and the transverse
stress from shrinkage during solidification of the weld. These cracks
are called hot cracks because they
occur at temperatures close to the
solidification temperature.
Here we take a look at some of
the general guidelines to be considered during filler alloy selection in order to minimize the risk
of hot cracking. We have two issues; the reduction of transverse
stresses across the weld and the
avoidance of critical chemistry
ranges in the weld.
The reduction of stresses
Lower melting & solidification
point—for base alloys with a high
susceptibility to hot cracking such
as many of the 2xxx series alloys,
we may choose a 4xxx series filler
such as 4145 which has an extremely low solidification temperature (970 Deg F). This low solidification temperature of the filler
alloy ensures that the 4145 weld
is the last area to solidify and
thereby allows the base material
to completely solidify and reach
its maximum strength before
stresses are applied to it by the
solidification/shrinkage stresses
of the weld.
Smaller freezing zone—By
using filler alloy such as 4047,
which has a freezing zone of
around 10 Deg F welds can be
made which solidify quickly. This
provides less time for liquid metal to be subjected to shrinkage
stresses during the solidification
process.
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Fig 1.

Critical chemistry ranges
This issue is best addressed by
use of the relative crack sensitivity curves as seen in Fig 1.
The chart shows the crack sensitivity curves for the most common weld metal chemistries developed during the welding of the
structural base alloy materials.
1. The aluminum, silicon alloys
(4xxx series) are found as nonheat treatable, and heat treatable
alloys with 4.5 to 13% silicon are
used predominately for filler
alloys. Silicon in an aluminum filler alloy / base alloy mixture, of
between 0.5 to 2.0 % produces a
weld metal composition which is
crack sensitive. A weld with this
chemistry will usually crack
during solidification. Care must
be exercised if welding a 1xxx series (pure Al) base alloy with a
4xxx series (Al-Si) filler alloy, to
prevent a weld metal chemistry
within this crack sensitive range.
2. The aluminum, copper alloys
(2xxx series) are heat treatable
high-strength materials often
used in specialized applications.
As can be seen from the chart,
they exhibit a wide range of crack
sensitivity. Some of these base alloys are considered poor for arc
welding because of their sensitivity to hot cracking, but others are
easily welded using the correct
filler alloy and procedure.
3. The aluminum, magnesium
alloys (5xxx series) have the highest strengths of the non-heat
treatable aluminum alloys, and for
this reason are very important for
structural applications. Magnesium in an aluminum weld, from
0.5 up to 3.0%, produces a weld
metal composition which is crack
sensitive. Another issue relating to
these base alloys, which is not directly related to the crack sensitivity chart but is a very important
factor for filler alloy selection,
Svetsaren No. 3 1999

must be addressed.
As a rule the Al-Mg
base alloys with less
than 2.8% Mg can be
welded with either
Al-Si (4xxx series) or
the Al-Mg (5xxx
series) filler alloys
dependent on weld
performance requirements. The Al-Mg
base alloys with more than 2.8%
Mg typically cannot be successfully
welded with the Al-Si (4xxx series) filler alloys. This is due to a
eutectic problem associated with
excessive amounts of magnesium
silicide Mg2Si developing in the
weld structure, decreasing ductility and increasing crack sensitivity.
4. The aluminum, magnesium,
silicon alloys (6xxx series) are
heat treatable. The 6xxx series
base alloys, typically containing
around 1.0% magnesium silicide
Mg2Si, cannot be welded successfully without filler alloy. These alloys can be welded with 4xxx series (Al-Si) or 5xxx series (AlMg) filler alloys dependent on
weld performance requirements.
The main consideration is to adequately dilute the Mg2Si percentage in the base material with sufficient filler alloy to reduce weld
metal crack sensitivity.

Weld strength
Groove Weld Tensile Strength
Typically the HAZ of the groove
weld dictates the strength of the
joint and often many filler alloys
can satisfy this strength requirement. However, there are two
factors to consider when developing welding procedures for the
non-heat treatable and the heat
treatable alloys.
1. For non-heat treatable
alloys, the area adjacent to the
weld will be completely annealed.
These alloys are annealed by heating to 600–700 Deg F, and the required time at this temperature is
short. The welding procedure will
have little effect upon the transverse ultimate tensile strength of
the groove weld, as the annealed
HAZ will typically be the weakest
area of the joint. Welding procedure qualification for these alloys
is based on the minimum tensile
strength of the base alloy in its annealed condition.
2. The heat treatable alloys re-

quire longer times at temperature
to fully reduce their strength. This
does not typically occur during
welding and the strength of the
HAZ will only be partially reduced. The amount of strength
loss is both time and temperature
related in these alloys. The faster
the welding process and heat dissipation from the weld area, the
less the heat effect and higher the
as welded strength. Excessive
preheating, lack of interpass cooling, and excessive heat input from
slow, weaving weld passes all increase peak temperature and
time at temperature. These factors by themselves, as well as the
use of too small a specimen to
provide adequate heat sink, can
create sufficient overheating so
that minimum strength values required to pass procedure qualification tests are not met.
Fillet weld shear strength
Unlike groove welds, fillet weld
strength is largely dependent on
the composition of the filler alloy
used to weld the joint. The joint
strength of fillet welds is based on
shear strength which can be affected considerably by filler alloy
selection. In structural applications the selection between 5xxx
series filler or a 4xxx series filler
may not be so significant with regard to tensile strength of groove
welds. However, this may not be
the case when considering the
shear strength of fillet welds.
Typically the 4xxx series filler
alloys have lower ductility and
provide less shear strength in fillet welded joints. The 5xxx series
fillers typically have more ductility and can provide close to twice
the shear strength of a 4xxx series
filler alloy in some circumstances.
Tests have shown that a required
shear strength value in a fillet
weld in 6061 base alloy required a
1/4 inch fillet weld with 5556 filler
compared to a 7/16 fillet with
4043 filler alloy to meet the same
required shear strength. This can
mean the difference between a
one run fillet and a three run fillet to achieve the same strength.

Ductility
Ductility is a property that describes the ability of a material to
plastically flow before fracturing.
Fracture characteristics are de21
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scribed in terms of ability to
undergo elastic stretching and
plastic deformation in the presence of stress raisers (weld discontinuities). Increased ductility
ratings for a filler alloy, indicate
greater ability to deform plastically and to redistribute load, and
thereby decrease the crack propagation sensitivity.
Ductility may be a consideration if forming is to be performed
after welding or if the weld is going to be subjected to impact
loading. Also ductility is considered when conducting bend tests
during procedure qualifications.
The 4xxx series filler alloys have
relatively low ductility, this is addressed with special requirements
within the code or standard relating to test sample thickness,
bending radius, and/or material
condition.

Corrosion resistance
The use of SMAW electrodes
with their flux coating gave concern for possible corrosion problems relating to entrapped flux
within the welded joint. Today almost all aluminum welding is performed using the GMAW (MIG)
or the GTAW (TIG) welding processes, and flux entrapment is not
an issue.
One filler alloy, developed primarily for use within a specific
corrosive environment, is filler
alloy 5654 developed to weld storage tanks to hold hydrogen peroxide. This filler alloy has a high
purity with low copper and manganese content which is required
for this very active chemical.
Most unprotected aluminum
base alloy filler alloy combinations are quite satisfactory for
general exposure to the atmosphere. In cases where a dissimilar aluminum alloy combination
of base and filler is used, and
electrolyte is present, it is possible to set up a galvanic action
between the dissimilar compositions. The difference in alloy performance can vary based upon
the type of exposure. Filler alloy
charts ratings are typically based
on fresh and salt water only. Corrosion resistance can be a complex subject when looking at service in specialized high corrosive
environments, and may necessi22

tate consultation with engineers
from within this specialized field.

Service temperature
Stress corrosion cracking is an
undesirable condition which can
result in premature failure of a
welded component. One condition which can assist in the
development of this phenomena
is Magnesium segregation at the
grain boundaries of the material.
This condition can be developed
in the Mg alloys of over 3 %
through the exposure to elevated
temperature.
When considering service at
temperatures above 150 Deg F,
we must consider the use of filler
alloys which can operate at these
temperatures without any undesirable effects to the welded joint.
Filler alloys 5356, 5183, 5654 and
5556 all contain in excess of 3 %
Mg, typically around 5%. Therefore, they are not suitable for
temperature service. Alloy 5554
has less than 3 % Mg and was developed for high temperature
applications. Alloy 5554 is used
for welding of 5454 base alloy
which is also used for these high
temp applications. The Al—Si
(4xxx series) filler alloys may be
used for some service temperature applications dependent on
weld performance requirements.

Post weld heat treatment
Typically, the common heat treatable base alloys, such as 6061-T6,
lose a substantial proportion of
their mechanical strength after
welding. Alloy 6061-T6 has typically 45,000 psi tensile strength
prior to welding and typically
27,000 psi in the as-welded condition. Consequently, on occasion it
is desirable to perform post weld
heat treatment to return the mechanical strength to the manufactured component. If post weld
heat treatment is the option, it is
necessary to evaluate the filler
alloy used with regards to its ability
to respond to the heat treatment.
Most of the commonly used filler
alloys will not respond to post
weld heat treatment without substantial dilution with the heat
treatable base alloy. This is not
always easy to achieve and can be
difficult to control consistently.
For this reason, there are some
special filler alloys which have

been developed to provide a heat
treatable filler alloy which guarantees that the weld will respond
to the heat treatment. Filler alloy
4643 was developed for welding
the 6xxx series base alloys and
developing high mechanical properties in the post weld heat treated condition. This filler alloy was
developed by taking the wellknown alloy 4043 and reducing
the silicon and adding .10 to .30
% magnesium. This chemistry introduces Mg2Si into the weld
metal and provides a weld which
will respond to heat treatment.
Filler alloy 5180 was developed
for welding the 7xxx series base
alloys. It falls within the Al-ZnMg alloy family and responds to
post weld thermal treatments. It
provides very high weld mechanical properties in the post weld
heat treated condition. This alloy
is used to weld 7005 bicycle frames and will respond to heat treatment without dilution of the thin
walled tubing used for this high
performance application. Other
heat treatable filler alloys have
been developed including 2319,
4009, 4010, 4145, 206.0, A356.0,
A357.0, C355.0 and 357.0 for the
welding of heat treatable wrought
and cast aluminum alloys.
It must be concluded that final
determination of the most suitable filler alloy can only be made
after a full analysis of the welded
components performance requirements. Filler alloy selection
for welding aluminum is an essential part of the development and
qualification of a successful welding procedure qualification.

About the author
Tony Anderson —Technical Services Manager –AlcoTec, holds a
Bachelor of Science in Welding
Engineering and a Master of
Science Degree in Industrial Engineering Management & Quality
Assurance. Tony was previously
employed for 15 years in Southern
Africa, involved with Quality and
Welding Engineering projects.
Prior to work in Africa he had 13
years service with Vickers Shipbuilding England, primarily involved with welding activities on
nuclear submarine projects
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Precision laser gantry
Special multi-layer sheets are best processed
using laser cutting systems
by Dipl.-Ing Wolfgang Klinker, b-Quadrat Verlags GmbH, Kaufering, Austria

Voest Alpine Stahl Linz
GmbH has invested
around DEM 2 million
in its new laser cutting
centre. Here ploughshares are cut from special multi-layer sheets
that are 8 m long and
3 m wide using the
ALPHAREX cutting
system from ESAB
CUTTING SYSTEMS.
Although the cutting
system has only just
gone into production,
there are already signs
of success. The company
using it, Voest Alpine, is
already considering installing a third set in order to exploit the strong
growth in potential demand for customised
precision sheet cutting.
Voest Alpine Stahl Linz GmbH,
an Austrian company, has a reputation as a steel manufacturer. Its
production processes include producing steel sheets in rolling mills
and further processing sheets to
make semi-finished products. Its
60 or so employees turn approximately 1,000 tonnes of steel
sheets per year into customised
semi-finished products, and the
majority of the steel sheets that
are cut are up to 25 mm thick.
Previously, sheets were cut exclusively using gas cutting equipment, the majority of which was
finished and supplied by ESABHANCOCK.
Svetsaren No. 3 1999

Fig 1. The ESAB Alpharex laser cutting system with the ProLas1® safety mechanism
at Voest in Linz, Austria.

One client requiring customised sheets is a company manufacturing agricultural machinery,
the French firm Kuhn, in Chateaubriand, which orders sheets
for ploughshares. These special
sheets for ploughshares are 7 mm
thick and are made out of Altrix
multi-layer black steel sheets,
combined through the rolling
process, each with specific properties. The geometric shape of
the flat ploughshare is irregular,
meaning that flexible thermal cutting is the only suitable system
for the cutting process. Furthermore, the client is particularly dependent upon the dimension and
plan conformity of the ploughshare sheets, which has recently
raised the question of whether it
would be better to replace the gas
cutting system with a laser cutting
system.

Quality, cutting performance and safety
In 1997 a firm grasp was taken on

planning. When considering replacing the plasma oxygen cutting
system with laser cutting, the first
point to consider was the cutting
performance. Engineer Harald
Fischerlehner, from the capital investment planning department of
Voest Alpine Stahl Linz, had this
to say on the matter “First of all,
using laser cutting equipment is
twice as slow as the existing gas
cutting equipment. However, this
is more than compensated for by
more precise cutting, and a smaller amount of finishing work, for
example, the greatly reduced
amount of processing required
for the edges and the elimination
of thermal distortion.”
At the project identification
stage, proposals from several laser cutting system suppliers were
examined. “With such a large investment we naturally had to study the market supply in detail
and look at appropriate equipment. In addition we also carried
out test cuts,” says Fischerlehner.
23
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firming conformity with the machine guideline and the applicable standards. As laser equipment has to be registered with
the Industrial Inspection Board
and the trade association before
being used, the existence of this
documentation is imperative for
safely commencing production.

Compact laser unit and
flying optics

Fig 2. The Alpharex laser cutting system is equipped with the new numerical control
system NCE 620 which provides safe and easy operation.

safety regulations for laser equipment are strictly observed.” Specifically, this means that for safety
techniques there must be an official safety certificate for protective design. At the time ESAB
CUTTING SYSTEMS was the
only supplier of design-tested laser cutting equipment with safety
features.
Fig 3. The cutting performance and
precision is superior despite the large
working surfaces.

Terms were then agreed with
ESAB CUTTING SYSTEMS
who already have a considerable
number of gas cutting machines
in operation in Linz, and who
provide service that the people of
Linz are very happy with. “We
were convinced by the cutting
performance and precision despite large working surfaces,” Fischerlehner explains, “as in the
end the results were decisive and
the cutting quality of ESAB was
far superior.”
Special consideration had to be
given to the safety of the laser
cutting equipment, with particular
regard to avoiding stray radiation
if the laser cutting equipment
should malfunction. “Here in
Austria,” says Fischerlehner, “the
24

Co-operation for laser
safety
ESAB uses the active and passive
multichamber system, developed
and patented by GELA GmbH,
for shielding the working area
and the sphere of action of the
ALPHAREX laser cutting systems from the AXB and AXC
ranges. The accompanying Class
1 shielding is built-in directly on
the machine and reduces the potential risk from Class 4 to Class
1, therefore providing reliable
protection from leakage radiation. It is currently the only laser
cutting device of its kind that fulfils all the stringent requirements
and provides the operator with
complete 30,000 sec. automatic
operation, in accordance with
DIN 60825-1 and 60825-4.
The trade association testing
and certification centre has tested
the equipment design and issued
an appropriate certificate con-

The cutting system was ordered
at the beginning of September
1998, just a few weeks before
ESAB CUTTING SYSTEMS
exhibited the ALPHAREX laser
cutting system with the ProLas 1®
safety mechanism at EuroBLECH in Hannover. The machine design of the cutting system
was specially developed for workpieces that make the highest demands on the guiding machine as
a result of their extremely large
working surfaces. The very rigid
machine gantry is equipped with
longitudinal and transverse guides on each side. Low-play planetary gear and servo drives allow
on the one hand a high positioning speed of up to 25 m/min, and
on the other, with the help of the
guides, precision positioning over
the entire working surface. On
the x-axis the gantry moves the
laser set along with the guide vehicle, which as the y-axis positions
the flying optics. The machine design provides a high degree of
guiding and positioning accuracy
(0.3 mm in 2 m⳯2 m according
to VDI 3441).
The ALPHAREX laser cutting
system allows a maximum working width of up to 5 m and a
working length up to 25 m. The
working surface of the equipment
at Voest Alpine, however, is 3 m
⳯8 m. The CO2 laser is a 4 kW
laser from TRUMPF laser technology’s TLF range. The beam
control from the resonator to the
cutter head uses “flying optics”
with high laser beam quality. For
this, the laser beam issuing from
the output mirror is first expanded in a beam telescope using a
convex mirror and then launched
through a concave mirror into the
front tilted mirror of the beam
guidance device covering the
whole width of the machine. At
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its external end the beam is in
turn diverted into the beam guiding arm which moves in parallel.
At this end there is another diversion into the z-axis for focussing devices in the cutter head.
Only then is the laser beam concentrated on the working surface.
This type of beam guidance up to
beam issuing provides a consistent cutting quality across the entire working surface up to maximum cutting widths of 25 mm of
structural steel. The Precitec exchangeable cutting heads that are
used at Voest Alpine are mainly
designed for steel sheets up to 6
mm thick and for steel sheets between 7 mm and 25 mm thick. If
necessary a non-contact capacitive interval regulator will ensure
the optimum spacing and position
of the laser cutting head.

Modern control techniques with technology
databases
ALPHAREX laser cutting systems are equipped with the new
numerical control system NCE
620, providing safe and easy operation. The operator can access extensive databases, ensuring the
best cutting quality and enabling
repetition. In addition, the application-specific data can be loaded
into the database and retrieved as
required. This additional application-specific data particularly includes the processing parameters
for the special multi-layer black
sheets for ploughshares.
The laser cutting system at
Voest Alpine is equipped with a
new pallet-changing system table.
Pallet changing takes place as follows: the pallet in the working
area of the cutting device is
moved out of the machine and
under the second pallet table. The
latter is moved into the machine
along with the steel sheet that is
to be freshly cut and positioned
there. While the machine’s processing programme is starting and
it is beginning to cut, the pallet
with the previously cut pieces is
moved to the upper queue position. There the finished pieces are
marked and then unloaded along
with the waste material. New
sheets are then laid on the pallet
by electric crane and positioned.
Svetsaren No. 3 1999

The working area of the laser
cutting head is continuously monitored using an accompanying
camera. The operators have control using two monitors, one of
which is located directly next to
the NCE 620’s control console,
and the other is diagonally opposite in the pallet changing station
area. In addition, the actual position of the cutting head can be
displayed on the NCE 620’s
screen, both using a box picture
and by zooming in on the details
of the individual workpieces. As
the NCE 620 is a Windows NTbased control system for a maximum of 5 axes, it is very easy to
learn how to operate. Incidentally,
the laser set also has manual control with screen and plain-text display, and its functions can of course be integrated into the NCE
620.
The laser cutting system is operated by two workers per shift,
and as production commences additional workers are employed for
inventory control. Production is
currently already taking place in
two shifts. But engineer Harald
Fischerlehner from Voest Alpine
Stahl expects three-shift production to be introduced in the foreseeable future: “Demand is virtually exploding, meaning that we
will be able to process more than
the originally calculated 12,000 t
to 15,000 t of steel sheets through
the system.”

On-site training with
practical experience
The construction of the ALPHAREX cutting equipment began in
April 1999. Werner Zimmermann,
responsible for service at ESAB
CUTTING SYSTEMS, was in
charge of this task. “Starting from
the skeletal structure, which had
to be constructed on the freeswinging basis realised with great
care by Voest Alpine, to the tracks,
and right up to the construction of
the individual machine groups and
sets, we have carried out this work
together with the staff of Voest
Alpine,” says Zimmermann. In a
very short space of time the machine parts were supplied, assembled and finished. Then came the
changing table, which was also assembled. After that followed the

construction of the extraction and
filter unit, the nuclear power station Riedel heat exchanger and
other peripheral devices, including
the pipework. By the middle of
May the stage had been reached
where initial test cuts could be
made.
After the construction and implementation of the system, the
customer personnel of course also
had to be given instruction in how
to use the cutting equipment, the
peripheral devices and programming techniques. “This training
was all given on-site,” says Zimmermann. This was made easier
by the skills which the machine
operators already possessed in gas
cutting techniques and the NCE
620 control system that was similarly in operation there. Fischerlehner explains: “The workers
who used the laser cutting system
are also skilled workers and
therefore bring the necessary fundamental skills to the job.” In the
cutting tests, steel sheets of various materials, with widths of up to
25 mm and of varying quality,
were tested. The resulting parameters and the operation of peripherals, from the extraction unit
to the auxiliary air compressor,
were optimised in a similar fashion.
Meanwhile, in the short time
the equipment has been in use,
98% of the goods components
have already been produced, and
even the work-load is satisfying:
positioning takes place at 25
m/min, cutting speed with 7 mm
thick shear sheets at 2.4 m/min,
and with 25 mm thick piece 37
steel sheets the cutting speed was
at least 580 mm/min. The tri-axial
ALPHAREX cutting system is already being operated by Voest
Alpine Stahl in two shifts. Engineer Fischerlehner is convinced
that it will soon be necessary to introduce a third shift. His closing
statement: “Our experiences so far
are very positive, and because of
the many special steel sheets that
are finished by Voest Alpine Stahl,
there is an astonishing potential
for customised piece-cutting using
lasers. In addition to this, we can
and will offer other processing,
such as cut-outs and drilling to a
similarly high standard.”
25
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Plasma welding aluminium
by Kari Lahti, PhD., ESAB OY, and Petteri Jernström, MSc. Lappeenranta University of
Technology, Lappeenranta, Finland

The increasing use of aluminium in various
structures is also imposing more rigorous demands when it comes to
the quality of weldments. Plasma welding
offers an excellent solution. The use of I groove
for thicknesses of up to
8–10 mm makes groove
preparation easier, in
addition to which the
high welding speeds typical of plasma welding
increase productivity
and the quality of the
welds. Plasma keyhole
welds very seldom have
any flaws (porosity, inclusions and so on) due
to the cleaning effect of
extremely high arc temperatures, together with
the plasma gas flow and
the cathodic cleaning effect of the alternating
current.

Special features when
welding aluminium
The single most important factor
which affects the weldability of
aluminium is the thermal conductivity, which is almost four times
greater than that of structural
steel. Regardless of the low melting point, greater heat is required
in order to produce good welds.
The coefficient of heat expansion
is twice that of steel, which results
in heat deformation in the welded
materials.
The oxide layer which is always
present on the surface of aluminium has a melting point of
2,050°C, which is quite high compared with that of pure aluminium, 660°C. Typically, this oxide
layer makes welding somewhat
tricky. In the plasma welding of
aluminium, this problem is solved
by using the cathodic cleaning effect of the arc in square-wave alternating current welding. Other
important parameters that need
to be varied are balance control,
frequency control and asymmetric current control.

Plasma or TIG?
Plasma and TIG welding are often compared as they have certain similarities; the arc is ignited

Figure 2. The size of the plasma torch
restricts the use of I preparation in
the welding of thick plates. The use of
Y preparation makes the welding of
plates up to around 15 mm thick
possible.

between a non-consuming tungsten electrode and the workpiece.
Compared with TIG welding,
plasma welding has some advantages. They include deeper penetration, less groove preparation
work, lower heat input resulting
in less heat deformation and a
smaller number of weld runs.

Groove preparation

Figure 1. Temperatures in plasma and TIG arcs. In both cases, 200A welding
current and pure argon as the shielding gas. (DVS Berichte Band 128).
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The most frequently used groove
preparation in the keyhole welding of aluminium is I preparation
without any gap. For thicknesses
of up to 8 mm, welding can be
performed using single runs. As
the thickness of the materials to
be welded increases, Y preparation is used. The tolerances for
groove preparation in plasma
welding are listed in Table 1. The
use of I preparation is most beneficial, as the heat is evenly distributed to both plates to be joined,
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Plasma welding technique Material thickness Misalignment Gap*
mm
mm
mm
Melt-in
1.0–2.5
0.2–0.4
0.5–1.0
Keyhole
2.5–4.0
0.4–1.0
1.0–1.5
Keyhole
> 4.0
1.0–1.5
1.5–1.5
* A larger gap between the plates can be tolerated if filler wire is used
up to a certain limit.
Table 1. Permissible maximum tolerances in groove preparation for plasma welding.

Figure 3. The penetration profile with argon as the plasma gas and shielding gas.
The plate thickness is 5 mm.

Figure 4. Longitudinal plasma welds used to join aluminium plates.

resulting in less heat-induced
deformation (Hval 1994).
Filling runs are welded using
the melt-in technique with filler
wire. This is easily done by reducing the plasma gas flow rate to
one litre/min or less. Other welding parameters can be the same
as those used for the root run using the keyhole technique.
Svetsaren No. 3 1999

Which welding position
should be used?
The plasma welding of aluminium
can be performed in the flat
(PA), horizontal (PC) or verticalup position (PF). The flat position
is most frequently used, but the
control of the molten pool is also
reliable in other positions. In the
vertical-up position, the control

of the weld pool is even easier
than in the flat position, due to
the flow direction of the molten
weld metal. However, the flat position is often the only possible
position, due to the size of the
structures to be welded. Large
plates for tanks are normally
welded in seamers or on roller
beds using column and boom systems. For this reason, the flat position is most frequently used.
When welding thin-walled (4–5
mm) containers, for example, performing the welding in the horizontal position, i.e. the container
standing up, results in less buckling and, more importantly, makes
the mechanization process easier.
Regardless of the welding position, plasma welding always requires very precise control of the
parameters in order to have a
“steady keyhole”. For aluminium,
this is easiest if vertical-up welding is used.

Optimal selection of
welding gas
Argon is the most economical selection for the plasma and shielding gas in a number of aluminium
welding applications. Figure 3
shows a cross-section of a 5 mm
thick Al plate welded with argon
as the plasma and shielding gas.
Ar + 30%He as the shielding gas
provides an opportunity to use a
lower welding current and this
has a positive effect on the useful
service life of the torch and electrode. Argon-helium shielding gas
mixtures (He > 30%) transfer
more heat to the workpiece,
resulting in a broader penetration
pattern. This increases the risk of
either excessive penetration or
lack of penetration, especially
when welding aluminium alloy
less than 5 mm in thickness in a
flat position. Gas mixtures containing more than 30% helium
are beneficial for welding aluminum with a thickness of up to
about 8 mm in the vertical-up
position or using the melt-in technique.
Although argon-helium mixtures have a higher coefficient of
thermal conductivity than argon,
increasing the welding speed to
compensate for the increase in
welding heat is difficult. The
27

Svetsaren 3,1999

2000-01-21 09.46

Sidan 28

welding speeds for argon and
argon-helium mixtures are virtually equal, varying from 21 to 24
cm/min in a plate thickness of 5
mm, for example ().
In plasma arc welding, backing
gas is generally required in order
to protect the root side of the
weld from atmospheric contamination. However, when welding
aluminum and its alloys, this is
not necessary. In addition, the
pressure of the backing gas may
cause disturbances in the keyhole
formation.

The effect of welding
parameters
The most important welding parameters when plasma welding aluminium are as follows.
The welding current affects
the weld properties through
arc pressure and arc temperature. An increase in welding
current makes the weld wider
both on the surface and at the
root side of the joint. Too high
a welding current with respect
to welding speed and material
thickness will result in excessive penetration of the weld
pool. Moreover, too low a
welding current may have a
similar effect. So, finding the
current range for the plasma
welding of aluminium requires
knowledge and know-how of
the behaviour of the molten
metal.
The flow rate of plasma gas
affects the kinetic energy of
the arc and hence the penetration depth. As the material
thickness and/or welding
speed increases, the flow rate
of the plasma gas must also
be increased. The plasma gas
flow rate is the first parameter to be set when determining the parameters for welding. Typically, the flow rate is
lower than that for low-alloyed steel of a similar thickness
and is between 2.5 and 3.5
l/min.
The welding speed range is
fairly narrow (20–30 cm/min).
Too high a welding speed results in excessive penetration
and this cannot be compensated for by increasing the welding current or by using active
28

Figure 5. Plasma welding research station at Lappeenranta University of Technology,
Lappeenranta, Finland.

gases with good thermal conductivity.
In practice, other parameters
such as the composition of the
plasma and shielding gases, arc
voltage, wire feed speed, torch
construction, groove preparation,
cleanness of the material and fitup tolerances also affect the final
welding results.

3. Hval M. Nye Metoder for Sammenføyning av Aluminium. Sluttrapport
STF24A 94298 SINTEF materialteknologi 1994. p 11 (in Norwegian).
4. Jernström P. Effective Use of Plasmawelding. MET Technical information
leaflet 5 (1997).
5. Martikainen J. Plasma Arc Keyhole
Welding of Aluminium Alloys. Welding
in the World 34(1994). London 1994. pp.
391-392.

Summary
Even though the plasma welding
of aluminium is more difficult
than welding aluminium with
more conventional processes, it
offers benefits such as simple
groove preparation and extremely high welding quality. I groove
preparation can be used up to
8–10 mm, but thicker materials
can also be joined if Y preparation is used. The parameter range
for successful welding is very narrow and good process knowledge
is therefore required from the
welder. Once the process has
been mastered in terms of equipment and materials, the plasma
welding of aluminium produces
good productivity together with
high quality.
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Successful TIG welding of
umbilicals for the oil industry
by Lennart Lundberg, ESAB AB, Göteborg, Sweden

ESAB Mechtig 160 with welding heads for tube-to-tube and tube-to-tubesheet welding.

Subsea umbilicals provide the
electric and hydraulic power
that is needed to operate subsea installations remotely
from offshore platforms. By
tradition, umbilicals have
been manufactured with hydraulic hoses made of thermoplastic materials, but they
have had a short service life
due to poor resistance to
chemicals, diffusion problems
and the fact that they age
quickly. Kvaerner Oilfield
Products AS, one of the largest manufacturers of underwater cables for the oil industry, has developed umbilicals
made of stainless steel which
last longer, withstand high
pressure and are resistent to
aggressive liquids.
Svetsaren No. 3 1999

A subsea umbilical is usually
made up of a cluster of tubes and
cables. They can be a combination
of service wires, hydraulic tubes
and tubes for chemicals, electric
cables and fibre-optic cables. The
umbilical is assembled from different tube elements using a patented locking system made of plastic
and is finally sealed in a tube
made of polyethylene or polyurethane under continuous extrusion.
The process requires advanced
equipment and, during the completion of the umbilical, 600 tonnes of machinery are in action at
the same time.
The Kvaerner Oilfield Products
factory in Moss, Norway, has been
involved in some of the world’s
largest offshore projects. For example, a total of 118,000 metres of
umbilicals made of super duplex

steel have been delivered to
Kongsberg Offshore and British
Petroleum.
For the welding, Kvaerner Oilfield Products has invested in
ESAB MECHTIG orbital welding
equipment. At the full production
rate, approximately 50,000 welds are
produced annually with this equipment, which consists of a 160 Amp
power source in combination with
the MEI 20 wire feeder and the
PRB 17-49 orbital welding head.
“This is an efficient and reliable
machine combination, which we
have pushed hard for a long time,
and it works very well. We previously had two ESAB Protig 315s
with the PRC 18-40 orbital welding
head which also worked without
any problems. When we needed
new equipment, we chose the
MECHTIG which is more economical and easier to program,“
says Kjell Arne Jensen at Kvaerner
Oilfield Products.
The mechanised TIG welding of
tubes offers significant benefits in
terms of both quality and productivity. To obtain the optimum results, a programmable, fast-response power source like the MECHTIG 160 is needed. Its microprocessor enables a large number of
functions and parameters, such as
pulsed welding current, travel
speed, stepless up- and down-slope
of current, wire feed, pre- and postflow of gas, to be programmed. The
complete weld cycle can be divided
into several sections and the optimum parameters can be selected
within each section. In the internal
memory, as many as 100 welding
programs can be stored.
The PRB welding heads are
practical and easy to handle. The
unique tong principle cuts settingup times to a minimum and water
cooling permits fast, intensive
welding with currents of up to 250
Amp.
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The millennium bug or the
Y2k problem
by Bo Sörensson, ESAB AB, Göteborg, Sweden

We shall soon be entering a new millennium
and everyone is talking
about the fact that there
could be problems with
our computers during
the roll-over period.
Some of the problems
will only affect certain
countries, while others
are universal. Moreover,
we have all heard about
the enormous efforts
that are being made to
ensure that computer
systems are 2000 compliant. The first question
that comes to mind is
why so many of our current computers and
computer programs
could encounter problems around the new
year.
30

If we go back ten to fifteen years,
there was a shortage of memory
capacity for computers. There are
two main memories in a computer, the operating memory and the
hard drive memory. Programmers
attempted to write compact codes
which made effective use of both
these memories, as it was expensive to build large memories.
One of the problems that arose
in this connection in Sweden (and
other countries, for that matter) is
related to the date. In a computer
program for order-stock and invoicing, for example, the date is
used in many places. The complete date is normally written like
this in Sweden: 1987-05-12 and
people are in no doubt that the
date is 12 May 1987.

Six-digit date
presentation
This means that we need eight
digits and two hyphens to write
the date. As there are many places in an administrative program
where information on the date is
required, this took up a great deal

of space in the expensive memory. It was because of this that
some smart programmer came up
with the idea of shortening all the
dates to six digits by removing
the 19 and the hyphens. The date
thus became 870512.
Everyone, and the computer in
particular, understood that the 87
was 1987. Everyone was also happy, as the space required for the
date had been reduced by 25%.
No one thought about the problems this could cause in 2000.
Before we go on to see what
happens with the six-digit date
presentation, we can think about
the contexts in which the date is
included in modern software.
Here are a few examples.
Transactions — order-stocksdeliveries-invoices
Operational transactions in
production
Book-keeping transactions
So-called log files — which
keep a check on what the
computer has done
The computer also keeps a
check on the date. It can, for exSvetsaren No. 3 1999
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ample, have a program that keeps
a eye on the times at which certain other programs are to be run.

Programs interpret
differently
During the transition to 2000, the
six-digit date presentation can
cause problems. Using this method, 15 January 2000 becomes
000115 We know that there are
31 days between 991215 and
000115. However, many of our
current computers or, to be more
exact, our current programs can
interpret the same thing in different ways. The following answers
to the question of how many days
there are between 991215 and
000115 can be expected from a
computer in Sweden:
31 days
the correct answer
–31 days
incorrect
–99 years 11 months
also incorrect
ERROR
which means that the computer is
unable to perform the calculation
Now if this calculation is included in an interest computation, there are several chances
that it will be wrong. It will also
be wrong if we control stocks according to the “first-in first-out”
principle, as the sorting could be
wrong. Computers also make
many logical decisions based on
the date and these can naturally
also be wrong.

Introductory zeros
removed
Another problem is that the introductory zeros have been removed in some programs. So
SEK 100 is entered in the sum
field as 100,00 and not as
000100,00, even though the field
has room for eight digits. So it is
possible that, when a program is
going to state whether a delivery
can take place on 15 January
2000, the figure 115 will appear
on the screen, as the program has
removed the three introductory
zeros in the full date 000115. This
can lead to problems for the order receptionist who is going to
Svetsaren No. 3 1999

read the data on a computer
monitor or a data list.
It is problems of this kind that
we are going to encounter and
they have been responsible for
huge investments in many parts
of the world in order to change
computer programs or ensure
that the six-digit date does not
cause problems.
However, there is another
problem that is usually included
under the umbrella title of “Y2k
problems” — where Y2k naturally stands for Year 2000. This is the
fact that 2000 is a leap year. In
some computer programs, this has
not been taken into account and
29 February has not been included on the calendar. As a result, it
will not be possible to book deliveries on that date and other annoying problems could also occur.

Every computer can be
affected
So which types of equipment
could be affected by Y2k problems? The answer is simple —
every computer, large and small
alike. When it comes to our mainframes and mini-computers, it is
first and foremost a question of
checking every program, primarily large administrative programs
relating to finance, distribution or
production.
Our PCs may also run into
problems with their software, but
the hardware, the actual computer, could also cause trouble. Virtually every PC contains a realtime clock (RTC) and the date information from this clock is often
used by the computer. There are
simple programs that test what
will happen on the night between
New Year’s Eve 1999 and New
Year’s Day 2000. The computer
on which this article for Svetsaren
is being written here in Sweden is
going to claim that 19991231 will
be followed by 19000101!
However, even standard office
software such as Microsoft Office
includes functions which will not
accommodate the transition to
2000. One well-known example is
that early versions of the Excel
computation program will not accept 000115 as a valid date in
Sweden, for example.

Embedded processors
An even greater problem, however, is all the microprocessors
that are built into equipment that
we do not normally regard as
computers. There are what are
known as embedded processors in
fax machines, telephone switchboards, alarm systems, air conditioning systems, cars and many,
many other places. They can also
be potential sources of trouble.

Y2k preparations
So what have companies with
computers done to protect themselves from problems of this
kind? Well, most of them have
come to the conclusion that:
every company needs to set
up a Y2k organisation
a detailed inventory must be
made of all the computers and
other equipment that could
cause Y2k problems
all software must be updated
to Y2k-compliant versions
equipment that cannot be upgraded must be replaced
tests and more tests and even
more tests are needed
some form of documentation
of all the work that has been
done to ensure Y2k compliance must finally be drawn
up

Y2k accreditation
Most companies have been working on the Y2k problem for a
long time and, at this point, the
majority of them have also completed the work and have Y2k
accreditation. However, there is
still every reason to analyse the
problem in detail and not simply
rely on everyone else doing what
they are supposed to do. Because,
even if the Y2k problem is basically related to our computers, we
as companies or private individuals can still be affected when suppliers are hit by disruptions, for
example. We can encounter problems with raw materials, components and transport. Public services can be hit by problems of
different kinds. The following areas are at risk, for example.
Telephony and data communications
Electricity and water supplies
Banking
31
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The armed forces
Government and municipal
services
Finally, as companies, we can
be hit if our customers, distributors and suppliers encounter
problems as a result of Y2k.

Status of preparation
The consulting company JP Morgan has assessed the status of different countries when it comes to
preparations for the year 2000.
The Nordic countries, Sweden,
Norway, Finland and Denmark,
together with the UK, the USA
and Canada, are well to the fore
with their preparations in general
terms. Then there are countries
like the former Soviet Union and
certain African countries where
the preparations are almost nonexistent. Countries like Germany
and Japan started work at a late
stage, but they have since made
an enormous effort and Germany
and Japan are now two of the
countries in the 2000-compliant
group.
There is no cause for overanxiety. All the stories in the
newspapers and on TV about
bank crashes, aircraft that are
going to crash and a total lack of
electricity and food are exaggerated. The vast majority of companies and the vast majority of
authorities with which we normally come in contact have all
implemented extensive programmes and they will make the
millennium shift with no difficulty.

ESAB well prepared
ESAB has prepared itself very
carefully for the transition to year
2000. A Y2k organisation with a
Y2k co-ordinator has been working according to a plan that was
drawn up almost two years ago.
However, long before that, we
started replacing the computer
systems and software that could
cause Y2k problems. This Y2k organisation reports directly to
ESAB’s European management
and had completed almost all its
preparations on 31 August this
year. Since then, we have been
very restrictive about making the
kind of changes to our systems
that could perhaps affect our
32

2000 compliance and we have frozen all our systems up to and including 1 March 2000.
So we can give our customers a
guarantee that we shall be operating as a supplier in the next millennium and that the products we
have delivered will not cause
them any problems. The reasons
are that we have our own Y2k
programme and that parts of our

ever, it is never wrong to conduct
one’s own tests and we would be
happy to tell you how to do so.
When our equipment is integrated in large computer-controlled
production systems, such as what
are known as Computer Integrated Manufacturing (CIM) systems,
it is especially important always
to test the whole chain to ensure
that it is Y2k compliant.

Conduct your own tests

“We know of no
case in which an
ESAB machine is
going to cause
problems for our
customers.”

organisation have been checked
by bodies including TÜV in Germany, as we are leading suppliers
to the German automotive industry. We are pleased to note that
we received the top rating for our
preparations. In spite of this, we
shall still have a special contingency plan in case we are hit by
disruptions and we have the same
kind of plans for stocks and deliveries. Some of us who work at
ESAB will also have special tasks
just before and just after the new
year to ensure that we are not
overtaken by any surprises.

Products from ESAB
In many cases, the machines that
ESAB has delivered contain processors, but we know of no case
in which an ESAB machine is going to cause problems for our customers. This applies to both the
components we have developed
ourselves and products such as
welding timers from Bosch for
which we are distributors. How-

Finally, do you have a PC of your
own at home that you are not
sure is Y2k compliant? Test it
yourself! There are good programs on the Internet that you
can use to check your PC for
2000 compliance. One of them
can be found at www.cobea.se

About the author
The author of this article, graduate
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Fig. 1. Mill view of the Ahlstrom Fibreflow Drum Pulper.

Strip cladding replaces
sheet lining
by Juha Lukkari, ESAB Oy, Finland

Cladding with stainless
steel strip is a highly
productive way of depositing a corrosionresistant layer on a mild
or low-alloyed steel.
Strip cladding is widely
used in the manufacture
of components for the
chemical, petro-chemical and nuclear industries.
Svetsaren No. 3 1999

This article reports on an unusual
application for strip cladding in
the pulp and paper industry.
The well-known method of submerged arc welding (SAW) with
strip electrodes has been widely
used since the mid-1960s. A strip
electrode is used as an electrode
instead of a normal wire electrode.
The most common strip size is
60⳯0.5 mm. However, there are
also other sizes, such as 30, 90
120⳯0.5 mm. This welding process is very productive and is suitable for cladding flat and curved
objects of different kinds. A typi-

cal deposition rate with 60 mm
strip is 10–20 kg/h, depending on
the welding current (600–1,000 A).
Strip cladding is an ideal weld
cladding process because dilution
is controllable at 10–15% and
deposition rate is high. It can also
be suitable for single-layer solutions with the right parameters
and consumables.
SAW is the most frequently
used process in strip cladding, but
electroslag welding (ESW) is also
used. The advantages of this process include even lower dilution
and a higher deposition rate.
33
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Fig. 2. Close-up of SAW strip cladding.

A Finnish company, Ahlstrom
Machinery, part of A. Ahlstrom
Corporation, supplies a comprehensive range of engineering systems, processes and machines to
the pulp and paper industry. They
include fibre lines, chemical recovery processes, recycled fibre
lines and equipment for fibre
treatment and transfer. The application in this article is produced
at the Savonlinna Works in Finland.
Ahlstrom developed the Fibreflow Drum Pulping System at the
beginning of the 1970s. To date,
more than 100 drums have been
sold for various paper recycling
applications all over the world.
The Fibreflow Drum has two primary functions: to disintegrate recycled paper without cutting contaminants or generating fines and
to coarse-screen stock and remove contaminants.
The drum diameter can be
as much as four metres and the
total length can be as high as 40
metres. The material varies and
depends very largely on the operating conditions. The steel that is
used can be mild steel or austenitic stainless steel. Stainless
steels are normally applied by lining a thick, mild-steel hull with a
thin stainless sheet. Sheet lining,
often called wall-papering in the
USA, is a simple operation. One
disadvantage is the fact that the
lining sometimes has a tendency
to come loose in difficult operat34

ing conditions. The need of repair
work is sometimes both extensive
and expansive.
ESAB in Helsinki conducted
large-scale tests and demonstrations with SAW strip cladding for
Ahlstrom. One requirement for
the weld cladding deposit was to
meet a composition of AISI 316
with max. 0.05 % C (SS 2343, EN
1.4436). To be competitive with
sheet lining, the overlay weld had

to have as low thickness as possible and should preferably be produced in one layer.
The analysis requirement is not
normally obtainable with SAW
strip in one layer. A one layer
ESW procedure would of course
have been a good solution, but at
that time there was no experience
of this process. Therefore, it was
decided to continue with a SAW
procedure using an ER 309L
(23%Cr-13%Ni) which is relatively cheap and readily available.
A leaner ER 309 MoL type is not
so easy to obtain and is mainly
designed to use with the ESW
process.
For this application, ESAB had
to develop a new flux that would
alloy Cr, Ni and Mo into the weld
metal. All the molybdenum would
have to come from the flux and
this work in fact led to a new flux
called OK Flux 10.06. Together
with OK Band 11.65 (ER 309L)
using SAW, it produces an AISI
316 weld deposit in one layer on
mild steel. The carbon content
naturally also depends on the
base material, so it is not necessarily always max. 0.03 %.
Ahlstrom started to use this
combination in the autumn of

Fig. 3. Overall view of SAW strip cladding.
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Chemical composition (%)
C
Si
Mn
Cr
OK Band 11.65
(ER 309L)
Base metal
Weld metal

Ni

Mo

Ferrite
FN

0.02

0.3

1.7

24.0

13.0

–

20

0.16
0.03

0.4
0.5

1.0
0.6

–
18.5

–
12.5

–
2.7

N.A.
7

Welding parameters: 750 A, 28 V and 7 m/h (12 cm/min)

resistant surface layers on unalloyed or low-alloyed steels.
ESAB can offer complete customised technical solutions, including equipment, consumables,
as well as process and metallurgical know-how, for SAW and ESW
strip cladding. Strips and fluxes
are available for standard grades
and special-purpose grades.

Table 1. Chemical composition.

1997 and has now used several
tonnes of strips and fluxes. In
principle, the same equipment
used for the normal SAW joining
could be used for the strip cladding procedure. The only change
involved was replacing the wirewelding head with a strip-welding
head.
Normally, the whole drum is
not completely clad, usually 2
sections with a length of about
2 m each are surfaced. In fig.X a
section of a Fiber Flow Drum is
shown, the diameter of the drum
is 3.8 m and the plate thickness is
50 mm. One complete clad cycle
takes about one hour to weld and
a total of 30 hours is required to
complete the cladding of one section, provided the welding is
continuous. The overlay speed is
about 0.6m2/h. The welding cur-

rent is 700A, the voltage 29 V
and the travel speed about
16cm/min. All together that produces a layer thickness of 2–3mm
and the total working time is
about 43 hours per completed
section.
Sheet lining would still be a
slightly cheaper method, but the
difference is not that great. Weld
cladding is also far simpler than
sheet lining and it can be done by
only one welder. Therefore total
economy offered by strip-clad
drums is, however, much better
because there is no repair work at
all in plants all over in the world.
The volume of strip cladding is
expected to increase in the future
in many industries. The strip cladding process is a flexible, economical, reliable, and consistent way
of depositing corrosion- or wear-

OK Flux 10.06 (EN 760: SA CS 2
CrNiMo DC) is an agglomerated
neutral chromium, nickel and molybdenum alloying flux for SAW
strip cladding. It is designed to
produce an AISI 316L type of
weld metal using strip OK Band
11.65 (AWS 309L) in one layer on
mild steel (see table 1).
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