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Abstract
In last meeting in Davos (Switzerland) in January, the World Economic Forum, expressed its decision
to expand investments in green energy. Many new projects are going to be present in the next years.
It is expected a fierce competition among companies to be awarded with contracts that will secure
their businesses. Some companies have been leading the renewable market for years and they have built
a substantial moat which place them in an invaluable position in the market. However, though a good
start point, it is not unwavering.
It is time for them to start looking forward and push everyone around to join the industry trend
4.0 also enforced by the Forum. Moving in the right direction will end the controversy of Quality Vs.
Production which has dragged down many projects damaging company’s image.
Application of conventional NDT methods to supervise the quality has been burdening progress. Production department has been reticent to implement advanced NDT techniques based on wrong concepts.
It is time for NDT companies to look at the industry in the right way, showing that there is a way to
work for all. Just by moving forward.
In the next lines, we will try to show and explain that NDT industry must lead the progress introducing
FEA analysis in their reports if they want to join all stakeholders around project success.

INTRODUCTION
Wind and solar energy are quickly becoming one of the cheapest forms of energy across the world. This
is leading to a booming growth in these two renewable energy industries, with several large carbon emitting countries vowing to expand renewable infrastructure in the coming decades to meet decarbonization
efforts. Data on future global power expansion shows a potential giant leap forward in offshore wind
production over the next five years.
An estimated 25 gigawatts of power capacity will be generated by offshore wind farms in the world
during 2020. That’s expected to rapidly increase in the coming years, with total capacity predicted to
more than double to 61 gigawatts by 2025. To put that amount of power into perspective, one gigawatt
by itself contains enough energy to power 110 million LED lightbulbs. By 2025’s estimate, offshore wind
farms will be contributing enough energy to power roughly 6.7 billion LEDs around the world.
Competition among offshore wind companies is rising as governments look to transition from fossil
fuels. Onshore wind farms, however, have been more financially successful in recent years, with relatively
easier installation allowing for a bulk production of wind energy in a shorter amount of time. The U.S.,
Europe, Japan and South Korea are gearing up for a surge in offshore wind energy in the next decade,
with all eyes on Europe to see whether the potentially lucrative renewable energy will help with their
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bold climate targets set earlier in the year.
It is, hence, expected that wind farm jackets production will increase substantially attracting several
quality problems with it.
Over few years, Innerspec personnel has been aware of this problem and they have been looking into
a solution which can be beneficial for all stakeholders. It is well known that production and quality
departments tend to have different agendas. Tight budgets accelerate disputes between them. At the
end, financial department, must make decisions which, in many times, are not aligned with initial quality
standards stamped in the contracts.
Producers look for the least restrictive Non-Destructive Testing technologies which can justify quality
requirements, however they are far from most adequate to guarantee the structural health of the fabricated structures. The alignment with their clients shifts from initial expectations and it is not new
that, at the end, legal disputes are in order. Financial arrangements are agreed as stakeholders haven’t
complied with expectations. The cases are closed and everybody moves onto the next project. At the end
of it, regardless of economic agreements, what is clear is that the structure fabricated is not as initially
was designed. Hence, it is exposed as the quality hasn’t been understood.
Main client wants the maximum quality at the best market price. What it looks a normal and acceptable pretension, it cannot be always satisfied easily. Given our years of experience, we tend to believe
that the manufacturers are the ones to blame in the quality decay. However, it is not just black and
white. There are numerous factors which can balance this paradigm, showing that also the main client
is responsible of it. Excessive economic margins that can tight budgets too much, they force suppliers to
agree on something that, deeply, they know it cannot be achieved. Client departments, mainly financial,
which grant or award projects based on margins rather that on merits. At the end, the degradation of
quality fades into a cloak of culprits that prevents the solution from being seen. Market and politics
dictate main client actions which, at the same time, force them to act in a way that may not be the most
adequate in quality terms.
There is, in fact, no one to blame. There is only one problem that has been avoided to target because
it has always been looked under financial prism only. What must be first: quality or production?
Innerspec has initiated a path which can end the eternal conflict. It is, precisely, using the most
advanced NDT techniques available in the market how we’ll, together (main client & supplier), be able
to reach a new stage which will be highly profitable for all stakeholders.

ANTECEDENTS
The collection of data in the field to determine the quality of the product tends to fall on the manufacturer. This process will always create a conflict. If the production delays for any reason (i.e. supply
chain management), the quality department will be under pressure to speed up its process so that others
can catch up. If the techniques used are not advanced, therefore, difficult to be audited remotely, it is
not difficult to believe that quality personnel will cut corners to keep everybody happy, and obviously, to
keep their jobs.
It is quite normal that, under pressure, manufacturer complaints against inspectors being accurate.
And, sadly, in more than one occasion, these personnel are removed from the manufacturing process.
At the end, all quality is compromised. Main client starts to audit and finds out that the quality is
not as expected. Now, the problem arises. To be accurate, the quality process shall never fall on the
manufacturer, or else on the main client as it is the most interested on it. The main client, normally, has
got a team who supervise but, honestly, they cannot cope with the amount of data and they just simply
look over small portion. If we add to it that the NDT techniques used are conventional and, therefore,
hard to be remotely audited by a third party, we can frankly expect that the quality process will break.
Should, then, the client contract another NDT company to do the inspections? Yes, in theory, but
we can expect that manufacturers will oppose radically elevating their prices which will go against main
client margins. So, again a problem as the market will not accept these increments.
Regular NDT cross checks are a solution but not the ideal. Project costs increment and, normally,
cross check personnel are not welcome by manufacturers. In case of dispute, manufacturers tend to argue
against cross check teams findings with their advance techniques. Arguments escalate and, at the end,
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the cross check team must prove, using conventional techniques, that their findings are correct and they
should have been reported and, hence, remedied. The main client feels more protected but the problem
still exists. It shifts but it does not disappear.
Although we tried to be brief, we can see that regardless of actual solutions, the problem Quality Vs
Production will always be present and it doesn’t look that it can be avoided.
Well, it is untrue.
In fact, there’s a simple solution which, if manage correctly, can be even cheaper than actual inspection costs. The point is that inspection must go forward.

NDT ADVANCED TECHNIQUES
Implementation of advanced techniques such as Phased Array Ultrasonic (PAUT), Time of Flight Diffraction (ToFD), CREAFORM 3D Scan for visual inspection, ACFM, ECA, EMAT, Thermography which
has got digital footprint can cover over 95% of all actual inspections. We can leave a small margin for
very unusual inspections where techniques such as Radiography (RT) will be more beneficial. But, even
with that, there is Digital Radiography which is also a technique with digital footprint.
The importance to implement these techniques is paramount if the main client wants to be safe with
regards of quality. However, these techniques will never be welcomed by production if we do not give
them the opportunity to look at them as an advantage or a tool to improve their productivity.
With these techniques, it is hard to miss main defects. There are many research papers around
that proves it. Hence, it is understandable why production will always tend to avoid them. Although
fabrication process is in continuous development and enhancement, if market prices are not aligned as
competition is furious, it will always lose. When there is a need to cut costs, the first to fall under it is
quality. Basically, because it is seen as taxation rather that as competitive advantage.
Economically, in all crisis, the main companies that bankrupt are the ones with tight margins and,
normally, low quality. There are other factors but no part of this discussion (such as debt). The companies that always survives, even more, they go through crisis and rises even more robust are always
the companies that bet for high quality during expansion periods. As it is predicted in the introduction,
we will experience an expansion in the offshore wind market, and it will be paramount for MARKET
LEADERS to maintain their actual moat against present & potential new competitors to increase their
bet in quality. There is no doubt about it but, how?
The foreseeable expansion will bring a competition to anchor suppliers to new projects. Then, their
prices will increase because there will be a great demand and no many actors capable to produce. Although we live in a global market, we all know that not all producers are feasible due to many constraints.
Market leaders’ negotiation power will decrease and there will be a tendency to accept lower quality products in terms to keep the project rolling.
It looks like there is always a crossroad, one way or another, that acts in detriment of the quality.
Well, it is under the actual quality conception. But it shouldn’t. Let’s go through it for a moment
Data collection is unskilled task. Only analysis and reporting are skilled. Actual experienced and
qualified inspectors spent more than 50% of their working time on unskilled tasks that could be transferred, under the right management, to other personnel more economical. This fact was not able to be
achieved using conventional NDT techniques, however with advanced NDT techniques if a basic training
program is established for unskilled personnel, we will be able to achieve three targets: higher inspection
productivity, overall lower costs and enhancement in quality.
But, why, if so evident, it is not been done yet. There are several factors. One is that NDT companies
will not favour it as they will need to change their actual and established structure. Second, and very
important, producers will not like it as their pressure factor on quality department will diminish. They
will not see where they can gain an advantage. And, given the actual market factors, they are right to
think this way.
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The problem is that NDT needs to go forward. They need to give a deeper analysis so that all stakeholders can actively see the advantage.
NDT needs to incorporate in their analysis finite element fatigue analysis in their procedures.
Why?
A simple and actual example will clarify:
During an inspection the following indication was found and reported.

Figure 1: PAUT planar indication found during inspection
As we can see, under actual acceptance criteria, this indication shows a lack of fusion where the flaw
top tip was at 2.1 mm from surface. Regardless of standard, any engineering critical assessment (ECA)
will establish that this flaw is not acceptable and, therefore, it must be repaired. Anything in the last
ligament is not acceptable. However, using CREAFORM 3D scanner, it was possible to obtain, at that
specific point, how much weld material was above the flaw.

Figure 2: 3D Scan of Weld Cap
Suddenly, the top flaw tip was, in reality, at almost 5 mm from surface.
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The combination of two techniques, PAUT with CREAFORM 3D Scanner, allowed to change the
forecast. From imminent high risk to low one. In the next picture, added to the same report, the client
engineers were able to understand that this particular flaw, if not repaired, shall be taken into account
for further analysis but it was not going to become dramatic.
Under actual conventional NDT techniques, to give this kind of detail would have been improbable
or, most likely, impossible. In fact, a huge delay would have been expected if it would have been done by
conventional techniques. A weld inspector should have to come back on site to check at that point the
weld cap height. Most likely, a UT reinspection would have been asked for, and if results are consistent,
then, visual inspection with a weld gauge. Inaccuracies will be expected which will raise concerns for all
stakeholders.
By applying combination of state-of-art advanced NDT techniques, this accuracy and detail was done
at the same time in the office. No relevant time was spent on giving this information.
Even more, the digital footprint will be always available. There would always be a baseline for future in
service inspections which will help structural engineers to be able to monitor the structure health.
Nowadays, traceability becomes a problem after a period of time and it is very difficult to establish
the baseline for in service inspection. With the help of NDT digital footprints many features are able to
be given at request.
Other examples as follows:
During the inspection of K3 node in Figure 3, we were able to notice that weld cap bead configuration
generated a stress concentrator with one millimeter depth and a 110o angle.

Figure 3: K3 Node
In Figure 4, it was recommended to improve the integration between each weld bead.
Other additional data was given such as dimensional, angle between members, ovalities which helps
main client to understand the real state of its product during manufacturing.
Although all this data is highly useful for all stakeholders, the production vs quality issue is not
addressed. The fact that so much data can be given at any time surpasses any possibility of information
given by conventional methods, it leads production to be reticent to implement advanced methods as
their first impression will be that rejection rate will be much higher and, therefore, expected production
delays will occur with their substantial economic impact.
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Figure 4: Stress concentration factor is created
It is because of it that NDT companies shall go forward in their services.

Figure 5: Example the angle between members

A Step Forward: Final Alignment among Finance, Production
and Quality
Actually, when an indication is found, an agreed acceptance criteria is applied and if rejected, the manufacturer must correct it by repairing. With this basic statement, it is normal to believe that manufacturers
see inspection companies and personnel as enemies to reach their targets. We are not going to establish a
discussion if it is fair or not. It is a point of fact. Hence, implementation of state-of-art NDT techniques
will always be a topic of discussion and part of fierce negotiations.
Given all aforementioned issues of this document, it is easy to empathize and disagree with all stakeholders. Basically, the main issue is that they do not perceive that as a point of union where all individual
targets can converge and optimize the project. However, to reach that point is needed that NDT companies start to expand their service favouring production as much as possible.
Following an example can be understood easily.
Given an NDT company that performs state of art inspection using CREAFORM 3D scan, PAUT &
ACFM. We know that with them, all areas of the inspection are reached satisfactory. If, to the added
inspection methods, an automated FEA is added where defects are analysed against conservative stan-
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dards, a new step in engineering inspection can be achieved.
In Figure 1 & 2, the additional data only gives time but there is no certainty that can help finance to
forecast future economic impacts. Also, depending on component stage (in fabrication or in service), this
data will only help one stakeholder or the another one (Quality or Production). However, if in any case
the NDT company is capable with its personnel to apply a fatigue analysis using well established software
such as MSC Nastran, ANSYS, Abaqus, Crackwise, etc, a circle can be closed. In any case, fabrication
or in service, many defects that, actual conservative standards reject, will show that under known and
forecast loadings can be accepted.
It is obvious that it does not mean that all defects are turned. However, even if they are rejected
we can estimate how it will affect to life span and if financially is a better option to postpone the repairing.
Actually, this is not a new concept. It is widely applied in Oil & Gas for in-service inspection with
API 579 standard and BS 7910. The actual problem is that it is applied by separate department or companies and they do not, normally, converge on time. If we move what is normally an in-service product to
fabrication, we can study financially an alternative to delays which are very costly for all parts involved
in the project.
Innerspec personnel did a study about it several years ago where it was seen that a defect that the
standard will reject immediately, it could have held enough time to be able part of a repair campaign
during first shutdown.

Figure 6: Maximum Mises stress for initial half cycle period
Given the following baseline:
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Implementing advanced NDT techniques in conjunction with FEA analysis, the financial impacts may
be obtained and estimate the right moment for repairing: during fabrication or postpone it to in service.

At a failure rate of 0.1, looking at cash flows, income statements, etc, the first financial year where
the repairing decision shall be made was at eighth year.
Looking at stress evolution through crack growth calculations, the latest year to repair would have
been year 9-10. The model was based on an open crack in the worst place possible and at the worst case
scenario. The defect was assumed as missed and the work was based to estimate what it would be the
biggest critical flaw allowed to be missed by inspection companies.

Figure 7: Maximum Stress evolution through Crack growth
Although it was a theoretical model, it shows that engineering, quality, fabrication and financial decisions can reached a common ground floor where altogether, given the project parameters and stages,
can decide which step is next.
Conventional inspection and actual engineering practices will never allow to achieve this stage in
project. Fabrication will always be against quality and, therefore, what it looks like a common project
as per client as per subcontractor, under actual market circumstances is just a veil that covers the truth.
To perform simulations based on real defects which are placed in actual inspected items allows everyone to be able to have an alternative decision rather that the static quality standards. An FEA simulation,
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with the right time and equipment, can be attached to all relevant NDT reports.
Will it mean that nothing will be repaired? No, far from it. It will only be a tool that can help
stakeholders to take dynamic decisions in a turbulent market.
And everything starts at NDT inspection company or data collection. Data is essential in all sciences
(engineering, economic..) to be able to achieve the best optimal decision at that specific moment.
As an example, Innerspec follow in the very same inspection day the following stages to prove that
an alternative could be reached:
1. Inspect with CREAFORM 3D scan, PAUT and ACFM one node. It took few hours.

Figure 8: Visual Results, an hour after data collection
2. The model is prepared for FEA analysis

Figure 9: Model is prepared from STL to INP file for FEA compatibility
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Figure 10: Model is prepared assigning loads and constraints

Figure 11: Flaw insertion and simulation running

The model had to be modified adequately to be able to run an appropriate fatigue analysis based on
results coming from PAUT and ACFM reports.
By the end of the working day, results were obtained. The flaw, an embedded lack of fusion, was able
to sustain the life span.
Although the calculations were just based on a trial, it gave us an understanding of capabilities that
can be achieved. In the very same day, the inspection company was able to help the main client and
subcontractor at the same time. The subcontractor had a conclusion that the defect found, although
rejectable under standards, applying simulations under strict circumstances, it demonstrates that it can
be accepted or postpone its repairing to subsequent stages.
The main client who can initially oppose, can assume the low risk as opposed to install the structures
and start commercializing electricity as soon as possible. It can make sense under financial aspects. The
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acquired debt can be tackled before expectations and, therefore, improve company’s market cap.
Or it can be decided the contrary.
The point is not to accept or reject. The issue is that the stakeholders can use one more tool to make
decisions based on realistic facts in a dynamic environment. There will be no just only one decision or else
multiple optimal decisions. It can be the case that the main client prefers to accept a rejectable defect
favouring electricity production and, however, subcontractor would rather repair because excessive speed
on production will affect them negatively as it will open a gap time where they do not have allocated any
contract. Suddenly, a report becomes part of a negotiation rather than a dispute.

Conclusions
The use of high technology can be a point of understanding rather than a conflict. The main factor is to
manage or focus it in the right direction where it can be perceived by everyone as a potential advantage.
And not an imposition.
Then, the following diagram can be followed:

Figure 12: Diagram with type of maintenance strategies
A solution is not only on implementation of state-of-art NDT technologies which provides a huge
advantage under any quality program. The solution is to approach the implementation from the manufacturer’s point of view as well. Any financial department will have the right engineering tool that aligns
with accounting forecasts. Quality will never be compromised as it will be based on thorough analysis.
New design structures can be achieved as different scenarios can be run with no destructive impact.
A new design can save millions in a project by simulating under real circumstances structures with just
one millimetre thickness less.
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At the end, in a turbulent market, sum zero economy approaches are the ones that always bankrupt in
crisis situations. Best investment to keep company’s moat is quality. And quality must also understand
company’s economic needs.
A right equilibrium can be obtained and satisfied all parties which are, actually, in constant conflict.
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