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Knowing your blades
at every moment

Wind energy stands as a beacon of sustainability, providing clean and
renewable power to millions around the globe. At the heart of this green
revolution are wind turbines, towering structures harnessing the power of the
wind to generate electricity. However, ensuring the reliability and longevity of
these turbines requires diligent maintenance, with blade condition monitoring
emerging as a critical component in this endeavor.

Blade Condition Monitoring Systems (BCMS) into a comprehensive inspection regime concerns related to blade condition and

have become essential for wind turbine tailored to specific site conditions and potential damage.

operators aiming to optimize performance turbine characteristics remains crucial

and minimize maintenance costs. These for maximizing its effectiveness. Monitoring structural condition, for example,
systems provide continuous real-time insight is fundamental for ensuring

into blade condition, allowing operators to Types of continuous blade the longevity and reliability of wind turbine
respond promptly to changes. condition monitoring blades. The main approaches used for

While the importance of BCMS is widely Various systems and techniques can be this purpose are acoustic monitoring

recognized in the industry, its integration applied to address specific and general and vibration monitoring.



Structural acoustic monitoring is
predominantly carried out internally and, in
some cases, externally and is employed to
detect anomalous sounds that may indicate
structural issues within the blade. Internal
acoustic sensors are strategically placed
within the blade structure to identify changes
in sound patterns, while external sensors
monitor sounds emitted during operation.

This continuous monitoringis essential for
early detection of developing structural faults,
such as delamination or debonding of
composite materials, which could compromise
the integrity of the blade over time.

Vibration monitoringis vital for assessing
the natural frequencies of turbine blades.
Changes inthese frequencies indicate
variations in structural stiffness or the
presence of cracks. By monitoring these
vibrations, maintenance teams can identify
potential structural issues before they
become critical, allowing for targeted

and timely repairs.

Blade surface condition monitoringis crucial
for ensuring the safety and reliability of
wind turbine operations. Surface cracks in
key locations must be promptly addressed
to prevent them from compromising the
structural integrity of the blade. Continuous
monitoring enables early detection of these
cracks, allowing for proactive action to
prevent catastrophic failures.

Acoustic monitoring presents anideal
solution for detecting blade surface damage.
Various types of blade surface damage, such

as erosion, or lightning-induced damage,
which generate unique acoustic signatures.
These distinct sound emissions result from
resonances, turbulent airflow and altered
aerodynamic characteristics caused by
surface irregularities.

Strategically placed acoustic sensors
capture these unique sounds, providing
valuable data on blade surface condition.
Asthebladesrotate, the sensors
continuously monitor the acoustic
emissions, enabling real-time analysis.
Advanced signal processing techniques,
including machine learning algorithms, can
then differentiate normal operational sounds
from those indicative of surface damage.

Integrating blade surface acoustic
monitoring with other condition monitoring
systems enhances overall safety and
maintenance efficiency. Lightning strikes
for example can cause significant damage
to turbine blades, leading to detectable
surface irregularities through acoustic
signals. Combining surface condition and
lightning event monitoring allows operators
to swiftly identify potential issues arising
fromlightning events and take prompt
maintenance actions.

When it comes to blade operations
monitoring, inertial sensors are the best way
to monitor blade movements and alignment
during turbine operation. Blade misalignment
can lead to aerodynamic imbalances, which
willreduce the overall efficiency and lifespan
of the turbine. Continuous monitoring of
blade alignment provides the data needed to
optimise turbine performance.

Furthermore, monitoring operational
parameters identifies abnormal loads or
conditions contributing to accelerated
wear and tear. Addressing alignment issues
promptly enhances turbine operational
efficiency and lifespan, ultimately
improving energy production and

reducing maintenance costs.

Because of their height and exposure, wind
turbines are especially vulnerable to lightning
strikes. Lightning event monitoring systems
equipped with magnetic field sensors can
detectlightning events in the vicinity of the
turbine and confirm if the asset was struck

by lightning, facilitating the implementation
of lightning management regimes, including
visual inspections after lightning events.

In addition to these systems, there are
also data-as-a-service lightning solutions
available. Combining these methods
provides a comprehensive approach to
lightning monitoring for wind turbines.

‘Wind farm operators must know which
turbines are struck to quickly identify
potential damage,’ says Allen Hall, CEO of
Weather Guard Lightning Tech.

Regular monitoring ensures early detection
of lightning events and keeps lightning
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protection systems in optimal condition.

By extending the monitoring focus to
include down conductors, wind turbine
operators can proactively address potential
vulnerabilities in the lightning protection
system, enhancing overall turbine resilience
and minimising downtime associated with
lightning-induced damage.

Regime for visual inspections
and continuous monitoring

Arobust regime for visual inspections

and ongoing monitoring is essential for
adapting to specific site risks. This regimen
shouldinclude aninspection schedule
which is based on condition monitoring

and a thorough risk assessment, taking
into account historical data and prevailing
environmental conditions.

Itis imperative that wind turbine inspection
and monitoring plans are dynamic and
responsive to ensure the safety and
reliability of these vital energy sources.

By tailoring inspection frequencies based
onrisk assessments, historical data, and
environmental conditions, operators can
proactively address potential issues and
minimise the risk of unexpected failures.
Furthermore, integrating continuous
monitoring into the broader O&M strategy
streamlines workflows and contributes to
the overall efficiency and effectiveness of
wind turbine maintenance practices.

Risk assessment considerations
and expected outcomes

Arecommended approach for selecting

the inspectionregime is arisk-based
assessment. This assessment evaluates the
likelihood of different blade damages and the
potential consequences, guiding the visual
inspection and blade condition monitoring
regime. By mitigating risks, this approach
minimizes overall blade operation and
maintenance costs while prioritizing safety
considerations. Additionally, the assessment
should take into account blade uptime and
annual energy production.

Expected outcomes include informed
decision-making, where the risk
assessment guides decision-making
processes to ensure resource allocation
aligns with prioritized risks. This leads to
cost optimization by focusing on high-risk
areas, minimizing overall operation and
maintenance costs. Proactive monitoring
also improves safety by identifying potential
hazards before they escalate.

Key benefits of continuous blade
health monitoring

Operators can derive numerous advantages
from continuous blade condition monitoring.
By swiftly detecting changes in blade
condition, this approach allows for timely
interventions, reducing costly downtime.
Proactive monitoring supports predictive
maintenance strategies, extending turbine
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blade lifespan and cutting overall maintenance
expenses. Operational parameters such as
blade alignment are monitored to ensure
optimal performance, minimizing load
imbalances and potential damage.

Continuous monitoring is particularly
valuable, as Feng Zhang from Wood
Mackenzie notes a‘'25% reductionin blade
repair cost and 30% blade replacement can
be avoided if failure can be detected and
repaired between annualinspections.’
Soreal-time event detection not only
empowers informed decisions but also
prevents catastrophic failures and
safeguards wind energy investments.

Early damage detection optimizes

repair scheduling, minimizing downtime
and repair costs. Comprehensive
monitoring provides a holistic view of
blade condition across sites or an entire
fleet, enabling efficient resource allocation
and targeted maintenance.

Trend analysis of blade condition

supports proactive damage management,
reducing the risk of expensive repairs.
Continuous blade health monitoring

helps asset managers transition from
reactive to proactive maintenance,
maximizing efficiency, safety, and return
oninvestmentin wind energy infrastructure.

Integration with condition-based
maintenance strategies

BCMS is afundamental aspect of
condition-based maintenance (CBM)
strategies. CBM enables predictive
maintenance by continuously collecting

and analysing data, reducingreliance on
fixed-time maintenance or visual inspection
schedules. This proactive approach
minimises downtime, optimises maintenance
resources, and extends the overall lifespan of
wind turbine blades.

Integration with advanced analytics

and machine learning algorithmsis a
promising way to enhance the predictive
capabilities of condition monitoring systems.
These technologies are the key to identifying
subtle patterns and trends in the data,

On-Tower, an example of an acoustic monitoring system

providing early warnings for potential issues
that would otherwise go unnoticed through
traditional monitoring methods.

Considerations for remote monitoring

Itis clear that remote and independent
monitoring capabilities are becoming
increasingly essential in the wind energy
sector. Advanced communication
technologies, such as satellite or

cellular networks, guarantee real-time
data transmission from the turbine site to
centralised monitoring stations. This allows
for prompt analysis of data, rapid response
to alerts, and the implementation of
maintenance actions, eveninremote

or offshore wind farms.

Integratingremote monitoring is the best
way to improve maintenance efficiency

and reduce the need for on-site inspections,
minimising costs and risks. Furthermore,
remote monitoring provides amore
comprehensive understanding of turbine
performance across entire wind farms,
enabling strategic decision-making at

the portfolio level.

The field of blade condition monitoring

is dynamic and undergoing constant
research and development to enhance the
effectiveness and efficiency of monitoring
systems. Emerging technologies, such as
advanced sensors, artificial intelligence, and
materials with self-monitoring capabilities,
can and will optimise how turbine blades are
monitored and maintained.

About eologix-ping

As expertsin continuous blade health
monitoring, we are dedicated to
optimizing wind turbine performance.

Our advanced sensor systems detect
critical events like damage, lightning
strikes, and icing, providing essential
data for informed decision-making.

The solutions seamlessly integrate,
ensuring peace of mind and maximizing
turbine efficiency.
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