Blade root failures in focus:
giving you the time to act,
not just react

The wind energy sector is grappling with a growing challenge: blade root
insert failures, once considered rare, are now an urgent and tangible threat to
operational performance and long-term asset health. Predictive analytics
provide more than just data; they offer actionable strategies.
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Recent incidents in the US, like the blade
liberations at wind farms in Biglow Canyon,
Oregon, Findlay Whirlpool, Ohio and
Lungren, lowa, illustrates that thisisn'ta
theoretical issue, it's happening now, and
across multiple turbine types owned and
operated by major players.

While these designs generate more power,
they also introduce greater mechanical stress
at the blade root, amplifying the risk of insert
degradation due to increased cyclic loading
and adhesive stress.

The worst-case scenario, a catastrophic blade
failure leading to whole turbine collapse, can
cost upwards of $5 million. But it doesn't stop
there. For owner-operators, the realimpact
includes lost shareholder confidence,
community disengagement and increased
regulatory scrutiny.

Early detection is essential, not just to prevent
these outcomes, but to preserve the
opportunity for fast, cost-effective uptower
repairs. Because once that window closes, the

cost and complexity of a full blade
replacement is the only long-term option
which can cost up to $500k per blade replaced.

Following the recent incidents and the rising
trend in blade root failures, bridging the gap
between these events and their underlying
causes becomes essential. It is crucial to
understand the root of the problem.

Understanding the root of the problem

The industry's rapid shift to larger, more
complex blades has introduced greater
mechanical loads and adhesive stresses. At
the same time, manufacturing consistency
remains difficult to guarantee at scale and is
then further exposed in particularly high-
turbulence environments or on turbines with
extended operational lifetimes. The result is a
slow but steady rise in degradation risk.

At the heart of the issue is the blade root's
role in transferring immense cyclic loads
between the blade and the hub. These loads,
combined with manufacturing variables and
operational stress, can result in fatigue,
bonding breakdowns or structural imbalance.
Without early warning, these faults often
remain hidden until they escalate.

What separates manageable degradation
from major failure is how quickly issues
develop, and whether operators have the
insight and lead time to act cost-effectively.
With early insight, operators can prioritise
targeted repairs, schedule turbine derating to
mitigate further stress, or strategically align
maintenance during optimal access windows.

There are two main types of blade root
designs in use today. T-bolt type is a direct
bolted connection where fasteners pass
through the root and are tensioned to secure
the blade. Generally robust and easier to
inspect, but not entirely immune to fatigue-
related problems under extreme loads.

Rootinsert type is abonded system where
metal bushings are embedded in the blade and
secured with adhesive. This designis
significantly more prone to failure, especially
as the blade ages. Even minor insert
movement can cause adhesive cracks and
lead to progressive, sequential insert failure,
raising the risk of major structural issues,
including blade detachment. This is the blade
root design that owner-operators must
actively monitor and manage to minimise risk
across their fleet.

Time is the most expensive variable

The earlier a fault is identified, the more
options operators have, from targeted repairs
and turbine derating to strategic scheduling of
maintenance activities. Waiting until visible
damage or vibration occurs usually means the
fault has progressed too far for a cost-
effective intervention.

Afull blade replacement can cost anywhere
between $300,000 and $500,000, factoring in
crane hire, specialist personnel, turbine
downtime, weather-related access delays and
increasingly long supply chain lead times.
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Compare that to an uptower repair: typically,
$20,000 to $50,000, completed with minimal
equipment and often within a matter of days.
The cost difference can be as high as 95% and
the time savings are just as valuable.

Even small differences in insert movement can
have a major operational impact. The size of
the blade root gap is often the deciding factor
in whether an uptower repair is possible. Just
a few millimetres can mean the difference
between a quick fix and a full blade
replacement, adding up to millions across an
entire wind farm.

In practice, cost-effective repairs are only
possible when operators are alerted to issues
early enough to intervene, while gap sizes
remain within the threshold for uptower repair.
That includes aligning maintenance with
seasonal access windows, securing partsin
advance and eliminating the need for
emergency crane hire. Without early visibility,
many operators are left choosing between
expensive replacements or the unknown of
running to failure. Data transforms that
equation, turning last minute firefighting into
structured intervention.

Early detection doesn't just avoid catastrophic
failures. It keeps the door open for smarter,
more flexible responses.

Spotting the signals: monitoring methods
compared

From traditional manual inspections to
portable health sweeps and permanent
monitoring systems, each approach plays a
role. Understanding their strengths, and where
they fall short, is essential to building a blade
root strategy that maximises uptime, protects
budgets and long-term turbine health.

Manual inspections

There are several drawbacks to manual
inspections. They are conducted out during
turbine downtime, often requiring specialist
teams, and can be labour-intensive and
time-consuming. A manual inspection typically
provides only moment-in-time data and can be
prone to inconsistent data across inspections.

Manual inspections can reveal surface-level
issues but are resource-heavy and
inconsistent, especially across large fleets.
More critically, they lack the reliability and
frequency needed to track progressive faults,
leaving operators exposed to the risk of
sudden blade liberation and uncertainty over
how long a turbine can safely continue to run
as problems develop. That's why, for
dependable, data-driven maintenance
planning, portable and continuous monitoring
are the two solutions that truly scale.

Portable health sweeps

Portable health sweeps are ideal for
understanding the size of the problem quickly
across a large fleet. They are non-invasive
and efficient, as measurements are taken
using portable displacement tools and data
can be captured while turbines are in
operation. This method is perfect for
establishing a baseline and triaging which
turbines need more attention.

WWW.PESWIND.COM



4 PES SPOTLIGHT

By ONYX Insight
Fu

eCOPITCH

\./
7\

Portable sweeps are a practical way to scan
large fleets under real-world load. They help
maintenance teams quickly identify emerging
risks and allocate resources where they're
needed most, without committing to full
system installation. They provide a fast,
short-term view of blade root condition, but
don't offer long-term tracking or the strongest
return on investment over many years.

Continuous blade root monitoring

One of the advantages of continuous blade
root monitoring is that the installed sensors
offer 24/7 insight into blade root
displacement and health and capture
real-time data under operational loads. This
method enables automated alerts and
long-term trend diagnostics and offers the
highest ROI for turbines at elevated risk or
remote locations.

For long-term assurance, permanent
continuous monitoring provides the
foundation for confident fleet-wide decision
making. It enables operators to detect
gradual deterioration, track patterns over
time, and respond with confidence, long
before faults escalate.

This level of insight helps operators plan
repairs with confidence, knowing how long a
turbine can run safely, when to apply targeted
de-rating, and how to manage risk without
resorting to full shutdown. The result?
Maximised uptime and tighter control over
operational performance.

Case study: gaining time, gaining control

At one utility-scale wind farmin the US,
portable blade root sweeps were conducted
across a fleet of turbines to establish the scale
of a suspected problem. Multiple blades
showed signs of abnormal displacement
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patterns, indicating early-stage insert
degradation, with an eventual failure rate of up
to 20% across the wind farm.

The wind farm in question consisted of aging
onshore turbines in a moderately high wind
region. The operator had suspected issues
based on historical trends but lacked precise
indicators until the health sweeps provided
data across all blades. Decisions were driven
collaboratively between engineering and
asset management teams, using condition
data to justify investment in monitoring for a
select group of turbines, which paid off in both
avoided downtime and repair costs.

Continuous blade root monitoring was then
installed on the highest risk turbines,
providing detailed trend data over several
months. In several cases, progressive
movement confirmed a growing fault. But
crucially, the early warning allowed the
owner-operator to schedule uptower repairs
within routine maintenance windows.

No emergency callouts. No cranes. No
last-minute blade orders. The financial and
operational benefits of early intervention are
clear, reduced costs, minimised downtime,
and a more controlled maintenance schedule.
Just targeted, cost-effective interventions
delivered with foresight and control.

Proven technology for a growing failure

Blade root health is becoming an increasingly
significant risk to overall fleet performance,
that owner-operators can no longer afford to
ignore. This is demonstrated in the case study,
where early detection helped prevent costly
failures across a wind farm with a projected
20% failure rate. As turbines evolve in size and
complexity, condition monitoring must
expand beyond the drivetrain to meet these
emerging challenges.

You're not just monitoring blade health. You're
buying time, reducing cost and gaining control.
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ONYX Insight's ecoPITCH platform,
available in both portable and
permanent forms, delivers the
foresight you need, at scale.

ecoPITCH Portable offers fast, non-
invasive health sweeps that help
establish baseline risk and identify
turbines most at risk.

ecoPITCH, our permanent monitoring
system, provides high-resolution,
real-time data for your most critical
assets, supporting confident, long-
term strategy through automated
alerts and trend diagnostics.

With more than 3,000 blades
monitored daily, ONYX's solutions
are field-tested, adaptable, and
efficient to deploy, whether you're
operating on restricted sites,
managing mixed turbine types or
working within tight budgets.

As a closed system with secure 4G
connectivity, ecoPITCH avoids the
need for extensive IT infrastructure,
delivering actionable insight with
minimal disruption or cybersecurity
considerations.
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