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Joining with solid-state lasers set to revolutionize steel
construction

Energy and resource efficiency are gaining ever more significance, which is
why the Fraunhofer Institute for Material and Beam Technology IWS has
worked with its partners to develop an alternative for conventional steel
construction that not only constitutes a process technology solution, but also
forms the basis for hardware and laser safety. This solution facilitates gentler
machining of high-strength materials, as well as significantly reducing energy
consumption and costs while greatly increasing process speed. The energy in-
put required for the component can be reduced by up to 80 percent compared
with conventional joining processes. Not only that, subsequent straightening
of the component is eliminated entirely from the process.

Many technical structures feature some form of steel construction. Be it a container
ship, railway vehicle, bridge or wind turbine tower, any one of these structures can
have several hundred meters of welding seams. Conventional industrial processes such
as metal active gas welding or submerged arc welding are usually used for this pur-
pose. Here's the problem: Due to the low intensity of the arc, a large proportion of the
energy expended is not actually used in the welding process, but is lost to the compo-
nent in the form of heat. The energy required for post-weld treatment is often of a
similar magnitude to that required for the welding process itself. “These energy-inten-
sive processes cause significant thermal damage to the material and result in severe dis-
tortion of the structure, which then demands very costly straightening work after-
wards,” emphasizes Dr. Dirk Dittrich, who heads up the Laser Beam Welding group at
Fraunhofer IWS.

Powerful laser welding process

A team of researchers led by Dr. Dittrich has developed an energy-efficient alternative
together with industrial partners as part of the “VE-MES — Energy-efficient and low-dis-
tortion laser multi-pass narrow-gap welding” project. Laser multi-pass narrow-gap
welding (laser MPNG, see box below) uses a commercially available high-power laser
and stands out from conventional methods thanks to its reduced number of layers and
drastically reduced seam volume. These elements of the welding process are its key
benefits. “Depending on the component, we can reduce the energy input for the com-
ponent during welding by up to 80 percent, and we can lower filler material consump-
tion by up to 85 percent compared to conventional arc processes,” reports Dr. Dittrich.
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“What's more, it was not necessary to carry out a straightening process on the compo-
nent studied. As a result, we can cut production time and costs, process high-strength
steel materials and significantly improve the CO, balance of the entire production
chain. Given the significant number of steel structures being built in Germany and
around the world, this could prove to be hugely advantageous.” This is because the
high intensity of the laser beam guarantees that the energy input is highly localized at
the welding point, whereas the surrounding areas of the component remain compara-
tively cold. “The welding time is also reduced by 50 to 70 percent,” says Dittrich, citing
another advantage. The new process also excels in terms of weld seam quality — the
seams are significantly slimmer and the edges are virtually parallel, whereas in conven-
tional welding processes the seams are V-shaped. “If laser welding were used in steel
construction processes, it would become a unique selling point for medium-sized busi-
nesses in Germany and strengthen its market position in the face of international com-
petition,” says Dittrich with confidence. “We are providing the industry with an effi-
cient form of joining technology that is set to revolutionize steel construction on ac-
count of its cost-effective application and resource-saving production process.”

Research in practice: Steel girders for indoor crane construction

The researchers from Fraunhofer IWS demonstrated the performance of their new
development using a practical example from indoor crane construction. They deployed
the new welding technology using special system technology and an integrated beam
protection concept. The design of the experimentally built, four-meter-long rectangular
profile of an indoor crane segment conformed to the design and manufacturing guide-
lines of comparable, conventionally produced components. Weld seams typical of the
application were produced: a butt joint on 30-millimeter plates and a fully joined T-
joint (15-millimeter plate). For a one-meter weld seam, it was possible to reduce the
costs for a sheet thickness of 30 millimeters by 50 percent compared with submerged
arc welding, including the subsequent straightening process. For sheet thicknesses of
less than 20 millimeters, where metal active gas welding processes are also commonly
used, the potential cost savings are even higher at up to 80 percent. The cost savings in
terms of welding filler materials alone can amount to more than 100,000 euros per
year for larger companies. In addition, the laser beam sources used offer great poten-
tial for stemming rising energy costs due to their high efficiency (approximately 50 per-
cent) and good process efficiency (reduction of energy input by 80 percent). With this
evidence of practical suitability, the approach can now be extended to other applica-
tions.
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Principle of laser multi-pass narrow-gap welding

The laser is positioned at the joint between the two sheet edges to be welded
while a filler metal is added. The energy of the laser beam melts the edges of the
workpieces, as well as the filler metal from the wire, which then fills the void be-
tween the two pieces and creates a high-quality weld seam. The process can be
used to weld typical joint configurations in steel construction. The sheet edges are
plasma-cut and the joint sometimes has gaps up to two millimeters wide, which
the laser welding process can reliably bridge. When welding either a web plate
(T-joint) or a butt joint, the process ensures that the joint is complete, i.e., that the
two parts are joined across the entire contact area. In conventional steel
construction, this is not always 100 percent guaranteed due to the process in-
volved, and there are technoloaical limits, particularlv when usina T-joints.
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Fig. 1 Researchers at the
Fraunhofer IWS used an in-
door crane segment made of
$355J2 structural steel (4 by
0.75 by 0.5 meters) to
demonstrate that the laser
MPNG welding process they
had developed reduces en-
ergy costs by up to 80 per-
cent and filler material con-
sumption by up to 85 per-
cent compared to conven-
tional welding processes.
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Fig.2  The laser beam is
positioned at the joint be-
tween the two sheet edges
to be welded, and a filler
metal is inserted in front of
it at the same time. The pro-
cess results in a high-quality
welded seam.
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Fig. 3  The cross-sections PRESS RELEASE
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produced using laser MPNG
show the seam quality that
can be produced with signifi-
cantly reduced costs and re-
source consumption.
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The Fraunhofer-Gesellschaft based in Germany is the world’s leading applied research organization. Prioritizing key future-relevant technologies
and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in innovative
developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft currently
operates 76 institutes and research units throughout Germany. Over 30,000 employees, predominantly scientists and engineers, work with an
annual research budget of €2.9 billion. Fraunhofer generates €2.5 billion of this from contract research.



