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Now that COP26 is underway in Glasgow and in view of the increasingly severe effects of global
warming worldwide, all industries need to evaluate themselves with respect to their impact on the
environment in general and to global warming in particular.
In such macroscopic terms, it may seem faintly absurd to claim that a technology as specialised as
laser seam tracking has a meaningful role to play, but, as I hope to show in this white paper, there
are significant benefits available if the technology is exploited fully. While laser seam tracking may
not be the primary mover in energy saving, it enables other advances in welding which do directly
address the issue.

Offshore wind installations are largely composed of welded steel structures.
Producing these efficiently is important for their overall carbon footprint.

https://ore.catapult.org.uk/blog/race-reduce-carbon-footprint-wind-energy/

The efficiency of arc welding power sources has already taken a leap forward with the replacement
of mains frequency transformer based units by high frequency inverters using modern power
transistors and high-speed electronic controls. Having made the power source itself much more
efficient, the next and more difficult step is to improve the efficiency of the welding process.
Considering that joining two pieces of metal together by welding involves melting the interface
between them to allow a single molten puddle to be formed and then solidifying the same so that
two parts become one, then clearly significant heat is involved. The weld area has to be heated
above melting point, around 1500°C for steel, and then allowed to cool back to ambient with the
heat mostly radiating to the environment. Any way of reducing the amount of heat used is not only
beneficial in general environmental terms but also in specific welding terms, for example, by
reducing distortion.
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In the case where two parts are butted together, then the objective could be to minimise the heat
input by melting only very thin slices of the parent material on either side of the interface. To
achieve this, application of heat has to be precisely controlled and it’s easy to see how advanced
sensing of the actual joint position and precise control of heat delivery is required. So in general
terms, the benefits of sensing the joint position are obvious.
Laser sensors designed for
weld seam tracking are
already widely used in many
automated and robotic
welding applications.
They must be rugged and
durable to survive operating
in close proximity to the arc.

This is already common with welding processes such as laser welding, where the nature of the
process itself requires careful application of the heating medium and very small amounts of material
are melted as a result. The diameter of the power beam providing the heat input to a laser weld
may be only a fraction of a millimetre, so it has to be in exactly the right place.
Applying smaller amounts of heat carefully targeted at joint interfaces implies that the joints
themselves are well made. If the fitup between the two parts to be welded is only roughly prepared
with large gaps, then precision application of just enough heat will not give good results.
All of this is reflected in one of the longstanding tradeoffs in automated welding between what
might be called traditional methods, which are somewhat process tolerant and relatively low cost in
terms of welding equipment, and modern methods, which often use advanced techniques enabling
much smaller joints, but which may be less tolerant to process variations and require more
expensive equipment.
One of the classic examples of this disparity is in welding two thick steel plates together along an
edge, as is common for example in shipbuilding, offshore and onshore wind fabrication and many
other applications.
The traditional approach would be to make a weld joint by using thermal cutting to bevel the edges
of the two plates at an angle of, say, 30°. This creates a vee type weld joint with a total included
angle of 60°. This large angle allows for easy access to the weld joint which is then welded in layers
with multiple runs. Due to the 60° angle, the number of runs per layer increases quickly with the
weld depth, leading to a large number of weld runs being required to weld thick plates. The
commonly used weld process for this type of application is Submerged Arc Welding (SAW). SAW is a
relatively benign process for machine operators in that the weld arc is contained beneath a covering
blanket of powdered flux, and so arc light, spatter and gaseous emissions are reduced. However,
while this coverage of the arc is beneficial in making the welding environment friendlier, it means
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that the weld area, including the arc and puddle, cannot be directly monitored by visual means. This
makes controlling the application of heat less direct. Checking that the weld is being made in the
joint has to be inferred indirectly. Several methods have been used for this, including the use of
physical and optical pointers, tactile tracking systems and laser tracking systems. The relatively easy
access to the joint provided by the large joint angle facilitates these various methods and so the
overall process is well established and reliable. However, it is very inefficient in terms of time taken
and power consumed.
The volume of a vee joint is proportional to the square of the joint depth. This results in a weld
which uses a lot of energy to generate a lot of heat and takes a long time to complete.
To reduce the joint volume, use less heat and reduce welding time, so-called narrow gap and seminarrow gap U-shaped weld joint profiles are used. A “true” narrow gap joint has parallel sidewalls,
i.e. with a 0° sidewall angle, but joints with angles of less than 4° are usually referred to as narrow
gap. The joint width is kept to the minimum required for access of a specially-designed welding
torch. With the SAW process, two passes per layer are normally used to achieve a compromise
between minimising the joint width and still getting the weld to fuse to the vertical sides of the joint.
A narrow gap welding head requires a specially designed torch tip mechanism which tilts the wire
towards the joint sidewall.
Semi-narrow gap welding is a compromise between the technical challenge and highly specialised
equipment required for full narrow gap welding and the easier but much less efficient traditional
joint designs. If the sides of the U are in the range 4-8°, this is usually referred to as semi-narrow gap
welding.
This tandem SAW narrow
gap weld head is fitted
with servomotor torch tip
tilt and with a scanning
spot laser sensor and
video camera.
https://ametinc.com/

Narrow and semi-narrow gap joints are much more difficult for an operator to manage because he
or she can’t easily see down into the joint. This problem gets worse as the joint depth increases.
This is where automatic tracking systems become essential.
To take a relevant example, consider the specific case of manufacturing monopiles for offshore wind
installation foundations. Monopiles are large steel cylinders, from 4 – 10m or more in diameter and
typically up to about 150mm thick.
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The amount of metal removed to make conventional 90° vee joint, semi narrow gap and narrow gap
profiles is shown in the following diagram for 20mm and 100mm depth joints, which makes is clear
that the different weld joint areas depend a lot on the wall thickness and resulting joint depth.

narrow gap joint
semi narrow gap

100 mm

Vee joint 90

20 mm

The graph below shows the cross-sectional area of two different vee joints (with 60° and 90°
included angles) compared to a narrow gap joint with 0° sidewall angles and a semi narrow gap joint
with 5° sidewalls. At a wall thickness of 100mm, the 60° vee is nearly three times bigger than the
narrow gap joint, and a 90° vee is five times bigger. These multiples equate to hours of welding time
and large amounts of power and heat.
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This has led to the modern approach to monopile OD welding, which is to mill a U-shaped joint with
a semi-narrow gap profile. In the case of final circumferential welding, which is one of the most time
consuming parts of the overall manufacturing process, multiple welds are made at the same time as
in the machine below.

The steepness of the joint sidewall combined with the fact that it has usually been freshly machined
before welding makes it difficult for conventional laser stripe profile sensors to work reliably. Laser
sensors based on a scanning spot approach have been developed specially for these applications and
have been in use for many years in monopile production.
Looking further forward, even more advanced welding processes, such as electron beam welding,
may be able to achieve square butt welds in thick plates under practical fabrication conditions,
increasing efficiency again.
While onshore and offshore wind manufacturing shows the savings that can be made with modern
welding techniques in a renewable energy context, it is just as important to consider other
traditional welding intensive industries. For example, many millions of steel tanks are produced
each year by a combination of longitudinal and circumferential welding with the GTAW or GMAW
processes as shown in the photo overleaf. The manufacturing focus tends to be on high efficiency
and reducing scrap and rework. While these remain very important, increased prominence for
reducing energy consumption could be added to the process KPIs.
Automotive welding is another example of high-volume welding where arc welds tend to be used in
structural and safety related areas. This makes achieving the correct balance of various factors even
more finely tuned.
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Conclusion
The welding industry has been a conservative one but in recent years, welding equipment and
processes have improved dramatically as new methods and new technology have been more readily
adopted. This provides a good foundation for focussing on environmental issues and incorporating
them into more efficient processes. Advanced sensors and controls, including laser seam tracking,
have an important part to play in this.
.
Key Points






Laser Seam Tracking is a well-established and widely applied technology which contributes
to automated and robotic welding.
By making sure that heat delivery is exactly on the weld joint, laser tracking can make it
possible to use precision welding methods, as it already does with laser welding, for
example.
Great savings in heat generation and power consumption in welding thick wall parts has
been achieved by using special weld joint preparations and matching them to appropriate
welding methods, enabled by automatic joint tracking systems.
By careful control of modern welding processes, it should be possible to use smaller weld
joints in many high volume welding applications, resulting in multiple savings.
Further research may be required to extend the use of smaller joints, more accurately
placed.

Dr RJ Beattie is a director of Oxford Sensors Ltd, a UK manufacturer of laser vision and control
systems.
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