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RENEWABLE MAINTENANCE
OPERATION & MAINTENANCE (O&M)
O&M has become a segment of its own within
the renewable energy industry and it is widely
acknowledged by all stakeholders that highquality O&M services mitigate potential risks,
improve output prices, and have a positive effect
on return on investment.
One of the main challenges facing the
renewable energy O&M sector is the
difference in the quality of services provided
by different contractors. The reasons for this
include increased pressure on prices, lack of
standardisation and minimum requirements,
inadequate management processes, poorly qualified staff and
insufficient use of digital data analysis.

Spain, because of its high installed capacity,
and as one of the main developers of the
principal renewable energy sources, boasts a
large number of companies and professionals
with excellent technical qualifications.
AEMER’s mission is to be a forum of
knowledge amongst its members and to
undertake the initiatives required to ensure
the execution of operation and maintenance
work of the highest possible quality, creating
minimum quality requirements for O&M
providers wishing to operate in the market.
AEMER seeks to be a focal point for
international expansion processes and it provides support in all
the administrative, legal and technical areas associated with such
processes.

EXCELLENCE IN O&M

AEMER is working to:

The AEMER Q-ISP Quality Seal is a mark of quality that seeks
to create greater transparency in the O&M market. It enables
leading companies to demonstrate their excellence to potential
clients and competitors.

• Promote quality in maintenance service providers, in a context
of progressive aging of renewable energy facilities. Q-ISP
quality seal
• Facilitate exchange of experiences amongst its members and
with all other actors in the sector.
• Consolidate advanced maintenance methods through
exchanges of experiences with the different technologies.
• Professionalise the O&M sector, by promoting standardisation
of regulations and procedures.
• Support the development of training centres and courses aimed
at meeting real renewable energy sector needs.
• Promote international exchanges of experience.

Clients trust the AEMER Q-ISP Quality Seal, which is endorsed by
a certification body of internationally acknowledged prestige.
ENDORSED by the Applus+ certification body

Why AEMER?
Since 2014, AEMER, the Association of Renewable Energy
Maintenance Companies, has harmonised the experience and
know-how of companies specialising in O&M.

Nacho Hernández • 687 725 011 • info@aemer.org
www.aemer.org
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1. Objective of the document
The objective of this document is to establish a series of
recommendations for the supervision of wind farms throughout
their service lives, addressing both the scope of such supervision
and the procedures to be followed. The ultimate goal is to
maximise service life and optimise the features of facilities, with
the lowest possible costs, whilst at all times maintaining the
conditions necessary to guarantee safety on wind farms.

The aim is to establish a general, transparent framework to
serve as a reference for the sector as a whole. Therefore, this
document seeks to combine two fundamentally important

aspects: simplicity and utility. Moreover, it should be a “living”
document, a document that is nurtured and updated to
incorporate experiences, whilst being adapted to the contractual,
technological and status scenarios of each and every wind farm.
The ultimate objective is to establish homogenous criteria for:
supervision/diagnostics; the profile of professionals who carry
out such supervision/diagnostics; and report content.
The general framework proposed herein should be dynamic and
transparent, and it should serve the stakeholders: wind farm owners,
technology specialists, Independent Service Providers (ISPs)1,
financial institutions and insurance companies. This document has
been drawn up by the AEMER, through a specific Working Group,
with the participation of its members. Periodic meetings and
exchanges of information have taken place for this purpose.

Given the importance of independent service providers or maintenance companies in the wind energy sector, special emphasis is placed on the consolidation of their
technological (information, materials, spare parts, health and safety) and economic status (new more flexible modes, seasonalisation).

1

2. Main types of inspection
The ultimate aim of inspections is to assess the status of wind
turbines and adjust maintenance tasks accordingly.
Depending on when they are carried out and the end result being
sought, we can classify inspections into four types:
• Inspections to evaluate general status in order to draw up
maintenance strategies in accordance with status. The aim is
to evaluate the status of components in order to determine
the corrective actions required and when they should be
undertaken.
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• Contractual monitoring inspections: Identification of faults for
possible warranty claims.
• Lifespan inspections: The aim is to ensure that the condition
of machines is appropriate for safe operation until the next
inspection date.
• Inspections of general wind turbine status: The aim is to check
that maintenance work is carried out efficiently and with the
required quality.

Recommendations for diagnosis
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3. Evaluation inspections for maintenance strategies in
accordance with status
The status of the equipment or component is determined and
a decision is taken as to whether corrective action is required.
If so, the scope of repair work and the period during which it
should be carried out is determined. If corrective action is deemed
necessary, a date is set for the next inspection.
This maintenance strategy is normally implemented for
large components and especially for blades where periodic
preventive maintenance is not carried out.
Optimal predictive maintenance policies for the drive train are
outside the scope of this document. Nevertheless, owners,
with the support of the maintenance specialist, should design
the scope of predictive maintenance for their fleets. Predictive
maintenance includes oil analysis, vibration measurements,
videoscopic inspections and statistical analysis of operating
variables.

Figure 1. Locating damage in blades (Source: Ingeteam/Skillwind)

Therefore, we shall focus on blade inspection.
3.1. Blade inspection
Blades are aerodynamic elements that suffer from environmental
erosion. The manufacturing process is often very manual,
resulting in possible quality deficiencies that evolve during the life
of the blade to the point where debonding or cracks occur. The
objectives of periodic blade and rotor inspections are:
1. To evaluate general status.
2. To detect possible damage and define the scope of such
damage.
3. To record documental evidence of such defects.
4. To establish the opportune corrective actions required.
Periodic inspections should ensure correct evaluation of the
status of assets analysed.
It is important for problems that can occur in blades to be
detected early, when damage is cosmetic rather than structural.

Owners
Should take all necessary
measures to prevent
catastrophic rotor failures,
due to the risk this
represents for people.
• Should allow access to
facilities and furnish all
required information
• Should analyse the
conclusions of the
report and carry out the
pertinent repairs.

Figure 2. Elements to be diagnosed

Once the problem becomes structural, there is a risk of breakage,
which sometimes makes it recommendable to shut down the
wind turbine until the defect is repaired, the cost of which is high.
Damage caused by lightening, an element to which blades are
exposed, should also be taken into account. Although many blades
have lightening protection systems, such systems are designed for
specified intensities, above which manufacturers do not provide
guarantees.
Depending on circumstances, it may be worth considering the
installation of detectors to measure the number and intensity of
lightening impacts, for two main reasons:

ISP

Blade maintenance company

Insurance company

Should carry out the
inspections, analyse the
results and propose the
necessary corrective action.
It is recommended that
the same ISP carry out the
inspection of large fleets
to ensure homogenous
criteria.

Should repair detected
faults in a reliable manner.
Must provide guarantees of
repair work.

Should inform owners
of incidents in excess of
average failure rate values
and, insofar as possible,
provide information on best
practices.

Table 1.
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3.1.1. Implications and responsibilities
Details of the actors affected and their main responsibilities are
provided in the following table:
3.1.2. Frequency of inspections and fleet to be inspected
Due to the importance of ensuring that any cosmetic damage does
not evolve into structural damage, an annual inspection of blades
is recommended. This inspection is recommended even during the
period of warranty, due to potential damage caused by lightening.
Figure 3. Blade affected by lightning (Source: Fibervent)

100% of blades will be inspected.
In recent years, a general strategy of inspecting and repairing blades
in summer periods has been implemented, due to lower wind
regimes and more hours of light. There are two reasons for this:
• Economic reasons: The downtime has a lower economic impact.
• Safety: most operations with baskets, working at heights and
the use of drones are subject to very stringent maximum wind
speed limits.

Figure 4. Typical damage to leading edge of blade
(Source: Ingeteam/Skillwind)

• Claiming damages from manufacturers.
• Immediate damage control.

However, this strategy should be reviewed in light of the new
price structure arising from the Energy Reform, which means
that the cost of the service could be optimised if it is not
carried out on a seasonal basis.
3.1.3. Scope of the inspection

With respect to claiming damages, there are cases of blade writeoffs in which the manufacturer refuses to accept liability, alleging
a greater intensity of lightening than that for which the lightening
detection system is designed.
With respect to immediate damage control, a visual inspection of
blades by maintenance staff is recommended following detection
of lightening strikes.
Online monitoring of blade and rotor by means of ultrasonic
waves, fibre optic technology, etc., is outside the scope of this
document. It is recommended that the online monitoring model
be defined prior to assembly of the machine.

The scope of the inspection should include evaluation of the
general condition of the installation and all potential damage that
might be detected in blades and rotors.
The inspection will identify machines requiring urgent repair,
machines whose repair should be programmed within the current
year and damage whose evolution should be observed in the next
inspection, although repair is currently deemed unnecessary. The
following is a list of defects that should be detected during the
inspection:
MOST FREQUENT TYPES OF DAMAGE TO BLADES

Recommendations for diagnosis

DAMAGE TO THE LEADING EDGE
• Crack in the leading edge.
• Broken leading edge.
• Pitting in leading edge.
• Erosion of leading edge.
• Severe or serious erosion of leading edge.
• Spalling arising from pitting.
DAMAGE TO THE TRAILING EDGE
• Crack in trailing edge.
• Debonding of trailing edge.
• Broken trailing edge.
• Erosion of trailing edge.
• Pitting in trailing edge.

Figure 5. Inspection with ropes (working at heights).(Source: Ingeteam)

DAMAGE TO SHELL OR VALVE
• Spalling.
• Holes or cracks in damaged fabrics.

9
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TECHNIQUE

ADVANTAGES

Ropes (Working at heights)

1. Inspection quality
2. Very precise identification
of superficial damage
3. Inspections can be
availed of to carry out minor
repairs.

1. Wind turbine downtime.
2. H&S.
3. Constraints associated
with wind speeds.

End-of-warranty
inspections or similar
inspections.

Platform

1. Inspection quality
2. Very precise identification
of superficial damage
3. Inspections can be
availed of to carry out minor
repairs.

1. High cost.
2. Availability of cranes.
3. Constraints associated
with wind speeds.

End-of-warranty
inspections or similar
inspections.

Drones

1. H&S
2. Possibility of inspecting
tower and nacelle fibre
during the same inspection.

1. Drone handling
experience and/or the
services of a specialised
company are required.

Very specific or limited
inspections.

Telescope

1. H&S
2. Low cost
3. Speed

1. Technicians require a
great deal of specialised
training and experience.
2. Less precise identification
of damage.

Annual periodic inspections.

Robot

1. H&S
2. Speed

1. Robot handling
experience and/or the
services of a specialised
company is required.

Specific and annual periodic
inspections.

Recommendations for diagnosis
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DISADVANTAGES

PROPOSED SCOPE

Table 2.

• Cracks in spar joints – shell or valve.
• Tip loss.
TIP DAMAGE
• Cracks in the adhesive joint.
• Tip hole.
• Lightening strike with/without fabric damage.
• 3M tape detached or damaged.
• Tip brake shut-down.
• Tip brake hatch verification.

3.1.5 Inspection prerequisites
The company that will carry out the inspection should provide
guarantees of being in possession of, and having read and
understood:
• Permits required for the inspection.
• Risk prevention documentation in order.

DAMAGE TO BLADE ROOT
• Cracks in root in leading edge.
• Cracks in root in trailing edge.
• Rust or cracks in root extender.
DAMAGE TO GEL COAT
• Grease stains.
• Other types of dirt.
• Weathering of coat or degraded coat.
• Cracks or cuts in coat.
MOST FREQUENT DAMAGE TO CONE
• Cracks or debonded components.
• Reconstructions.
• Surfaces with structural weaknesses.
• Broken or cracked bulkhead.
3.1.4. Inspection techniques. Advantages and disadvantages
The advantages and disadvantages of the different inspection
techniques are outlined in Table 2.
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Figure 6. Inspection with robot (Source: TSR Wind)

• Health and safety plans.
• Measures for the prevention of specific risks.
• Main historic failure types of the technology.
• Reports of previous technical inspections.
• Documentation of previous modifications and repairs

Type of damage
Structural
Mechanical
Coating
Aerodynamic

3.1.6. Inspection report
A high-quality inspection report is vital to enable clear
determination of the evolution of damage for the purpose of
optimal maintenance decision making.
It is recommended that inspection results be uploaded to
interactive web platforms, in order to optimise decision-making
and enable rapid access to information.
In this way, the treatment can be carried out from different
locations, historical monitoring of inspections for the same wind
turbine is facilitated and it is very easy to compare results with
those of other wind turbines, turbines located in different places,
different wind turbine models, etc.
In general terms, the report should include:
General data:
• Wind farm.
• Country/region.
• Wind turbine model.
- Dimensions of: tower and blade.
• Blade model and drawing for identification purposes, with serial
numbers.
• Number of wind turbines on the farm and total installed
capacity (MW).
• Date of commissioning of wind farm.
Inspection:
• Date and weather conditions on day of inspection.
• Unique inspection number.
• Types of inspection (GROUND, BASKET, AT HEIGHT, DRONE,
ROBOT, OTHERS).
• Wind turbine no. and blades inspected.
• Possible deviations in scope with respect to initial requirements.
• Indication of next inspection date (if applicable).

Damage
category

Priority
of action

Recommended
action

1. Cosmetic

0 - None

No additional
actions required

1. Minor

0 - None

Inspect and
re-categorise
within 1 year

1. Moderate

1 – Low

Monitor and
inspect within
1 year

1. Severe

2 - Medium

Repair and recategorise within
6 months

1. Critical

3 – High

Shut down
wind turbine
immediately and
repair fault prior
to putting it back
into operation

i. Drawing of location of damage.
Cataloguing of damage:
ii. Classification by category according to severity:
iii. Photographic report of damage. Photographs with overall view
and detailed views of damage.
iv. Criteria used for cataloguing of damage.
v. Comments and anomalies discovered.
vi. Summary of results. Conclusions
vii. Next inspection date

Structure of the report:
• List of material/tools used and calibration certificates if
applicable.
• Individual summary of damage for each blade, including
location, cataloguing and classification of damage in accordance
with severity. For example:

Recommendations for diagnosis

Responsibilities:
• Person responsible for work on the part of the client.
• Monitoring of reviews, with the names of report writer, a reviewer
and the person/persons that ratify the report, including dates.
• Technicians who carry out the inspection.
• Accreditation of the training of technicians who carry out the
inspection.
• Contact details.

Figure 7. Inspection with drone
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Final diagnosis

Recommendations for diagnosis

The final diagnosis will establish the general condition of the fleet,
indicating if people are at risk. It will include a summary table
of damage detected, a description of corrective measures and
general improvement proposals.
For example:
i. Damage has not been detected that might represent a risk for
people and/or for the integrity of the wind turbine/wind farm.
ii. Damage has been detected during the inspection:
1. The wind turbine/farm can continue to operate provided that
corrective measures and deadlines for their implementation
are established.
2. The wind turbine/farm cannot continue to operate.
Explanation of the reasons.
3.1.7. Training/know-how/experience/accreditations required
by inspector
The recommended training for inspectors is outlined in a general
section for all of the inspection techniques implemented, and
a specific section that examines the particular aspects of each
technique.
The following is a summary:
Figure 8. Inspection with work basket. (Source: Gruas Roxu)

The minimum experience required to carry out any type of
inspection independently is set at 6 months.

General common training
GWO
Spanish Royal Decree RD614: 614/2001, of June 8 on mimimum provisions for the protection of worker health and safety against
electrical risk. Spanish Official State Journal BOE nº 148 21/06/2001
Specific training in management of risks associated with turbine to be inspected
Specific technical training on shutdown, locking and operation of wind turbine model to be inspected. (Such training is not required
if wind turbine operation is carried out by an accredited third party).
Fire fighting
First aid

Specific training
ROPES
(Working at heights)
- OF I and II (ANETVA)
- Blade inspection and
repair

PLATFORM
- Use and handling
of aerial work
platforms
- Blade inspection and
repair
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DRONES
- Certificate issued by
Approved Training
Organisation (ATO)
- Blade inspection

TELEPHOTOGRAPHY
- Blade inspection
- Use and handling
of photographic
camera

ROBOT
- Blade inspection
- Use and handling of
robot.

Recommendations for diagnosis
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4. Contract performance inspections
Contract performance inspections have the objective of
determining wind turbine condition for potential claims for
damages prior to the conclusion of contracts or for the purpose of
asset valuation.

FW contract for a wind farm in perfect condition is not the same
as for a badly maintained farm or one with a large number of
issues.
Lastly, when transferring the ownership of a wind farm, it is
important to be aware of the condition of the farm in order to
be able to estimate future maintenance costs and determine
whether there are risks associated with the future operation of
the wind farm.

The aim is to detect problems that should be addressed by
those responsible for maintenance prior to the conclusion of the
contract or problems whose repair has a significant economic
impact and might affect the purchase price of the asset.
The focus should, therefore, be on damage with significant
repair costs. For this reason, it is necessary to carry out reliable
evaluation of the condition of larger parts, mainly blades and
gearboxes.

As mentioned previously, it is important to inspect the larger
components, which have high repair costs.

These inspections are usually carried out in the following
situations:

The implications and responsibilities associated with
contract performance monitoring are outlined in the
table below (Table 3).

4.1. Implications and Responsibilities

• End of warranty and extended warranty periods.
• Change of maintenance contractor.
• Transfer of ownership.

4.2. Frequency of inspections and fleet to be inspected
These are not periodic inspections. They are carried out in the
following situations:

In cases of the conclusion of a warranty period or the termination
of a contract with a Full Warranty (FW), it is necessary to verify
that the condition of the wind farm is appropriate. If the fleet
condition is not adequate then a claim should be made against
the maintenance company for the solution of the detected
problems in accordance with the terms and conditions of the
contract.

• End of warranty and extended warranty periods.
• Change of maintenance contractor.
• Transfer of ownership.
It is recommended that 100% of the wind turbines be inspected to
ensure successful claims under guarantee.

All problems not detected or reported within the stipulated period
may not be accepted by the guarantor, which underlines the
importance of carrying out these inspections.

If the fleet is very big, with correspondingly high inspection
costs, a representative sample can be inspected and, depending
on results, the inspection plan can be extended to more
turbines. Formulae for the calculation of sample size as a
function of these variables can be found in the specialised
literature, in accordance with the acceptable margin of error and
the confidence level.

Similarly, prior to entering into a FW contract, the new
maintenance company and the owner will require a photograph
of the condition of the asset in order to establish the clauses
and price that should figure in the new contract. Entering into a

Wind turbine
manufacturers/
maintenance
companies
FW contract

Owners

Main beneficiaries
of damage detection
under guarantee.
• Should allow access
to installations and
supply required
information
• Analyse the
conclusions of
report and formally
claim during
guarantee period.

Accept the results of
the report and repair
damage detected at
their own cost.

Table 3.
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ISPs

Should carry
out inspections
associated with
guarantees
independently and
objectively.

Banks and financial
institutions

The report should
serve them for the
identification of
future operating risks
and the estimation
of future operating
costs, which will
assist them in asset
valuation.

Insurance Companies

The report should
serve them for
determination of risks.

Figure 9. Leaning tower

Nonetheless, for large wind farms, it is recommended that 20% of
wind turbines should be inspected as an initial measure.
• If significant damage is not detected, the process can be
concluded.
• If significant damage is detected, the number of machines to
be inspected is increased but the scope of the inspection is
limited to the type of fault detected. For example, if damage
to gearboxes is detected, the number of machines inspected
would be increased to a further 20% of the fleet, but limiting the
scope of the inspection exclusively to the gearbox.
4.3. Scope of inspection
A check list will be drawn up in accordance with the technology.
The check list should be a document that includes the inspection
of any type of fault that has been detected historically. A detailed
review should be carried out of:

Figure 10. Cracks in crown. Penetrating liquids

Gearbox: damage to gears, absence of broken teeth and correct
condition of bearings.
• Last oil analysis should be reviewed.
• Vibration measurement
• Opening of casing and detection of mechanical particles.
• Videoscope.
Generator: condition of bearings and alignment. Vibration
measurement.
Blades: inspection of damage to blade and screws.
The scope of the inspection plan report will determine the
inspection method adopted and its duration:
• Ropes, drones, aerial work platforms...
• Non-destructive tests, thermal imaging
• SCADA data.

Recommendations for diagnosis

Foundations: the correct vertical alignment of towers should
be verified, as should the absence of any relative movement
between foundations and tower.
Tower: Verification of general conditions, bolted joints, corrosion
and the existence of possible dents.
Frame: Condition of frame, cracks and condition of previous repairs.
Yaw ring: absence of broken teeth, cracks and scratches.
Penetrating liquids.
Main shaft: condition of bearings and cracks.
• Penetrating liquids.
• Condition of lubricant.
• Operating temperatures.
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Figure 11. Damaged main shaft bearing
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Figure 12. Damage to gear teeth

Figure 13. Damage to bearings

4.4. Inspection prerequisites
• Wind farm documents/papers.
• Required inspection permits.
• Health & safety plans.
• Specific risk prevention measures.
• Maintenance records – List of faults in large components and
corrective measures. Work reports.
• SCADA data.
• Manufacturer’s manual.
• Documentation of previous modifications.

Damage
category

Recommended
action

Wear in accordance
with age
Moderate damage

Negotiate increase in
warranty

Severe damage

Claim for scheduled
replacement

Critical damage

Claim for immediate
replacement

4.5. Inspection report
The inspection report should, at the very minimum, include the
following data:
Asset data
Wind farm:
• Date of commissioning of the wind farm.
• Number of wind turbines on the farm and total installed
capacity (MW).
• Location.
• Wind turbine model.
- Dimensions of: tower and rotor.
Inspection:
• Date of inspection.
Responsibilities:
• Person responsible for the work on the part of the client.
• Staff who carry out the inspection.
• Accreditation of qualifications of technicians who carry out the
inspection.
• Monitoring of reviews, with names of the report writer, a
report reviewer and the person/persons who ratify the report,
including dates.
• Contact details.
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Structure of the report:
• List of material/tools used and calibration certificates if
applicable.
• Criteria used for cataloguing of damage.
• Comments and anomalies discovered.
• Photographic report of damage. Photographs with overall view
and detailed view of damage.
• Cataloguing of damage:
• Summary of results. Conclusions
Final diagnosis
A final report should be issued. This report should outline the
general condition of the wind farm and provide a list of the
damage to be claimed for under the warranty.
4.6. Training/know-how/experience/accreditations required by
inspector
Inspectors should have up-to-date GWO certification, and specific
training in the risks associated with the wind turbines to be
inspected and in inspection techniques.
The inspection company should have at least two years of
experience in the undertaking of inspections and technicians
should have experience of at least six months.

Recommendations for diagnosis
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5. Lifespan extension inspections
Wind turbines are designed for a
service life of 20 years. This does not
mean that they cannot continue to
operate safely beyond this age if they
have been properly maintained.
Many companies now amortise wind
farms over 25 or 30 years, longer than
the design lifespan. This is reasonable,
given that for design purposes, it is
assumed that wind conditions are the
maximum corresponding to the wind
class of the certification based on the
IEC 61400-1 standard. Wind conditions
on the site where the wind turbine is
located are different and generally less
severe than the maximums set out in
Figure 15. Blade detached at root joint (Source: Gomeranoticias)
the standard. Moreover, manufacturers
use risk coefficients which, although
margins are becoming smaller, should enable the extension of
problem that might represent a risk of catastrophic failure in any
component service life. Lastly, a wind turbine is an assembly of
component that might endanger the physical safety of people.
components, many of which are replaced throughout the lifetime of
the wind farm.
OEMs, who have the greatest knowledge of the wind turbine and
its design criteria, should draw up a standard checklist for each
Certification is based on the IEC 61400-1 design requirements
turbine model, given that they have the design calculations at their
with testing in the factory and establishes an estimated service
disposal. This check list should be customised for each wind farm
life of 20 years.
based on the maintenance history and improvements carried out.
From the administrative point of view, although authorisations do
not have time limits, there is no specific legislation for extending
the lifespan of wind farms beyond 20 years.
Any catastrophic incident involving harm to people can cast doubt
on the extension of wind farm lifespan. For this reason, it is vital
that owners prevent accidents of this type from occurring.
It is important to verify that there is no damage that might put
the safe operation of wind turbines at risk and this is the main
objective of lifespan extension inspections. It is vital to detect any

Some wind turbine manufacturers and independent third parties
have taken the route of certifying lifespan extension of the
machine based on aeroelastic models and resources on site. Very
often, the analysis carried out is not exhaustive and includes
factors such as the quality of maintenance throughout the turbine
service life, the excess loads to which it may have been subjected
owing to original designs that have had to be changed, temporary
operation with excessively aggressive controls or with errors,
etc. Therefore, the lifespan extension certification process is
expensive and offers limited results.
This type of analysis does not enable assurance of the lifespan
of the wind turbine but merely provides qualitative evaluations
of the components which, in theory, will fail first. For this reason,
such analyses cannot substitute the carrying out of inspections to
ascertain the real condition of the machine.
5.1. Implications and responsibilities
Lifespan extension of wind farms involves a number of measures
and actions which, in combination, must provide assurance of the
safe operation of farms beyond 20 years
5.2. Frequency of inspections and fleet to be inspected
The inspection will be carried out on 100% of the wind turbines.

Figure 14. Damaged wind turbine on the ground (Source: RSA)
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The frequency of inspection will depend on wind turbine age.
• A two-yearly inspection is proposed from year 20 to 26.
• From year 27, an annual inspection should be undertaken.

Regional
authorities

Should introduce
legislation of
measures to be
implemented in
order to extend the
operating life of
wind farms in safe
conditions.

Wind turbine
manufacturers

Owners

Must take the
necessary measures
for which they are
responsible to achieve
compliance with
the requirements of
the authorities and
ensure risk prevention
on wind farms.
o Should allow access
to installations and
supply required
information
• Analyse the
conclusions of the
report and submit
a plan of action if
necessary

Should carry out
analysis, based on
design data and
operating experience,
of the risks of the
machine and the
effect of cumulative
fatigue. Based on
this analysis, they
should draw up
a recommended
inspection plan.
• Should review
lifespan based
on fatigue in
accordance with
the current state
of the technology
and determine
the critical safety
elements.
• Should draw up an
inspection checklist
for each wind
turbine model.

ISPs

Should carry out
lifespan extension
inspections in
accordance with
the requirements
established by the
authorities or the
recommendations
of the sector. Should
provide support to
owners in the review of
OEM checklists and the
development of these
checklists based on the
specific circumstances
of the wind farm and
operating experience.

Insurance
companies

Should monitor
compliance with
the requirements
established by the
authorities and/
or ensure that best
inspection practices
are implemented.

• They do not have to
be OCAs (approved
inspection bodies).
They must be legally
qualified and have
the power to enter
into cooperation
agreements.
• Should be companies
with the experience
and resources
necessary to carry
out the inspection.

These recommendations are of a general nature, assuming that
the wind farm is not affected by chronic problems. The frequency
of these inspections should be such that evolution of a fault prior
to the next inspection could not result in a catastrophic accident.
5.3. Scope of inspection
The inspection will be carried out on the checklist proposed by
the OEM or a version of this checklist updated by the developer,
bearing in mind the specific circumstances of the wind farm and
operating experience.
This checklist should be a “live” document that is updated to
include any new type of fault detected in the technology.

Figure 16. Hub with broken blades (Source: Gomeranoticias)

It should at least include the following tasks, which are important
from the safety perspective:
• Determination of the general condition of the turbine, with
special attention on safety systems. Extinguishers, safety
switches, bolts, light fittings, signalling.
• Rotor/blades:
- Checking of blades for structural damage.
- Cracks in metal inserts (if necessary) and/or extender.
- Ultrasound testing of slip ring.
- Check on condition of pitch bearings (if applicable). They should be in
a condition that ensures rotation of the bearings to bring the blades
into a flag position, whilst preventing the risk of runaway spinning.
- Blade bolts: check that bolts are tightened, check for missing bolts
and remaining lifespan in terms of fatigue. Check for orrosion.
- Check condition of tip brakes, if applicable.
• Main shaft:
– Main shaft. Absence of cracks or wear, especially in technologies
with a history of breakages.
– Main bearing (single or double-row). Absence of damage.
Lubricant analysis. Vibration measurements.
– Cardan shaft. Alignment status
• Yaw system:
– Serious damage to yaw ring with consecutive teeth broken.
Penetrating liquids.
– General condition of gear units.
• Gearbox.

FuturENERGY
EFICIENCIA, PROYECTOS Y ACTUALIDAD ENERGÉTICA
ENERGY EFFICIENCY, PROJECTS AND NEWS

Recommendations for diagnosis

Table 4.

19

Recommendations for diagnosis

20

Figure 17. Blade detachment due to bolt breakage

Figure 19. Damage to gear teeth

Figure 18. Damage to main shaft bearings

Figure 20. Detailed view of damaged teeth

• Foundations:
– Check on general condition, cracks.
– Absence of relative movement.
– Vertical alignment of tower.

• Ropes, drones, aerial work platform….
• Non-destructive tests, thermal imaging.
• SCADA data.
5.4. Inspection prerequisites

• Tower:
– Detection of dents and cracks in concrete towers.
– Condition of joints in cement towers. Checking of bolted
connections.
– Condition of section bolt joints. Corrosion
• Frames: Detection of cracks and/or deformations.
• Review of wind farm evacuation and accident prevention plan.
The checklist should be dynamic and should include any new risk
that might be detected.
The scope of the inspection plan will determine the inspection
method adopted and its duration:

• Wind farm documents/papers.
• Required inspection permits.
• Health & Safety plans.
• Specific risk prevention measures.
• Maintenance history – List of catastrophic incidents and
corrective measures. Work reports.
• SCADA data.
• Manufacturer information:
– Lifespan extension review check list.
– Manufacturer’s manual.
• Reports on all previous technical inspections.
• Documentation of previous modifications.
• Other information obtained in periodic predictive maintenance
(e.g., vibration measurements)
5.5. Inspection report
The inspection report should, at the very minimum, include the
following data:
Asset data

Figure 21. Damage to foundations

FuturENERGY
EFICIENCIA, PROYECTOS Y ACTUALIDAD ENERGÉTICA
ENERGY EFFICIENCY, PROJECTS AND NEWS

Wind farm:
• Date of commissioning of the wind farm.

Inspection:
• Date of inspection.
• Date of next inspection (if applicable).
• Person responsible for the work on the part of the client.
• Staff who carry out the inspection.
Responsibilities:
• Accreditation of qualifications of technicians who carry out the
inspection.
• Monitoring of reviews, with names of the report writer, a
report reviewer and the person/persons who ratify the report,
including dates.
• Contact details.
Structure of the report:
• List of material/tools used and calibration certificates if
applicable.
• Criteria used for cataloguing of damage.
• Comments and anomalies discovered.
• Photographic report of damage. Photographs with overall view
and detailed view of damage.
• Cataloguing of damage:
Damage
category

Priority
of action

Recommended
action

Minor		

0 - None

No additional
actions required

Severe

2 - Medium

Repair and recategorise within
6 months

Critical

3 – High

Shut down
wind turbine
immediately and
repair fault prior
to putting it back
into operation

Final diagnosis
A final report should be issued outlining the situation of the wind
farm and its capacity to function in adequate conditions of safety.
To enable the wind farm to continue operating without major
measures being taken, a certificate should be issued indicating
that the inspection has been carried out and that no damage has
been found that represents a risk to persons and/or the integrity
of the wind turbine/wind farm. This report should include the date
on which the inspection was carried out and stipulate a date for
the next inspection.
In the event that damages are found during the inspection, the
report should indicate:
• If the damages are slight and do not represent an imminent risk,
operation of the wind turbine will be permitted with limitations,
giving details of:
– Operating limitations.
– Corrective measures and deadlines for solutions. Before the
deadline expires, an inspection should be carried out to ensure
that corrective measures have been taken and that the problem
has been solved, and a certificate should be issued to this effect.
• If the damages are serious with important implications for accident
prevention, a shutdown of the equipment should be ordered,
indicating the reasons for this measure and the corrective action
necessary. Prior to putting the equipment back into operation, an
inspection should be carried out to verify that the corrective actions
have been taken and a certificate should be issued to this effect.
5.6. Training/know-how/experience/accreditations required by
inspector
The company that carried out the lifespan extension inspection
should have the accreditation of the relevant regional authorities
and comply with the requirements of said authorities.
It is recommended that the company have GWO certification,
specific training in the risks associated with the wind turbines to
be inspected, as well as in inspection techniques. The inspection
company should have at least two years of experience in
the undertaking of inspections and technicians should have
experience of at least six months.

Recommendations for diagnosis

• Number of wind turbines on the farm and total installed
capacity (MW).
• Location.
• Wind turbine model.
- Dimensions of: tower and rotor.
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6. Inspection of general condition of wind turbines
The objective of this inspection is to monitor the condition of the
machines to verify that the correct maintenance has been carried
out by the maintenance technicians.
Many maintenance contracts now include wind farm uptime
as a benchmark indicator. However, deficient maintenance
does not immediately result in wind turbine downtime and the
components take time to become degraded. It is by no means
unusual to observe in inspections or audits that the machines are
in bad condition despite the fact that wind turbine uptime is good.
It is also necessary to ensure that the maintenance company
carries out the work safely and with all the resources stipulated
under the terms of the contract.
Contractors often prioritise their resources for the purpose of
maintaining high uptime, without solving other problems that do
not cause the machine to stop working. These are the “pending”
tasks left to be carried out in subsequent inspections.
There is often a backlog of pending jobs, which can put the
maintainability of the wind turbine in jeopardy, due to the fact
that these tasks cannot be carried out with the resources
assigned to the wind farm by the maintenance company, meaning
that external resources are required.
It is important to record pending jobs systematically in order
to exercise good control over maintenance tasks on the wind
farm. This is not always the case and many pending jobs are not
adequately reported in the work reports.
Some pending tasks will not cause the machine to stop operating
but give rise to premature wear and failure of costly components.
These types of pending jobs and their evolution over time should
be perfectly identified. An example is misalignment of the drive
train.

Owing to potential conflicts of interest between ISPs, the
evaluation criteria should be clear and the evaluation should
be expressed as a numerical score. Defects should be perfectly
documented, with photographic support.
6.2. Frequency of inspections and fleet to be inspected
The frequency will depend on the experience we have with
the maintenance provider and on the evaluation score of the
previous inspection. It is recommended that these inspections be
carried out after the first major maintenance work undertaken
subsequent to a change of contractor. If the results are not
satisfactory, the inspection should be carried out annually,
whereas if they are satisfactory, a frequency of once every two or
three years can be set.
Given that the purpose is to evaluate the general condition of the
fleet and the quality of work of the maintenance company, this
type of inspection does not have to be carried out on 100% of
the fleet. A sample of 10%, with a minimum of 3 wind turbines, is
sufficient.
The wind turbines to be inspected will be selected by the owners.
6.3. Scope of inspection
In these inspections, the general condition of the machine should
be evaluated and the correct implementation of the preventive
maintenance checklist should be verified.
The status of machines in terms of cleanliness and “pending”
tasks to be carried out should be reported.
Any safety element bypassed should be detected.

Recommendations for diagnosis

It is best to carry out this type of inspection periodically due to
the fact that by the time a reduction in uptime is identified, it
is possible that the degradation is such that costly corrective
actions are required.

Figure 22.
Figure 23.

6.1. Implications and responsibilities
This type of inspection should be carried out by an ISP, by order
of the proprietors, in order to evaluate the work carried out by
the maintenance contractor, be it the OEM or another ISP, which
should be independent from the contractor.

6.4. Inspection prerequisites
• Wind farm documents/papers.
• Required inspection permits.
• Health & Safety plans.
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• Specific risk prevention measures.
• Manufacturer information:
– Preventive maintenance checklist.
– Manufacturer’s manual.

• Criteria implemented for numerical evaluation score assigned to
results.
In the event that a risk associated with the operation of the wind
turbine is identified, the owner should be immediately made
aware of it.

6.5. Inspection report
The inspection report should, at the very minimum, include the
following data:
Asset data
Wind farm:
• Date of commissioning of the wind farm.
• Number of wind turbines on the farm and total installed
capacity (MW).
• Location.
• Wind turbine model.
- Dimensions of: tower and rotor.

Final diagnosis
A final report should be issued evaluating the condition of
the machine and the quality of maintenance in the form of a
numerical score. The wind farm will receive different certificates
depending on the score obtained:
• Q0 : Deficient maintenance.
• Q1 : Compliance with minimum maintenance requirements.
• Q2 : Adequate maintenance.
• Q3 : Excellent condition.

Inspection:
• Date of inspection.
• Wind turbines inspected.
Responsibilities:
• Person responsible for the work on the part of the client.
• Staff who carry out the inspection.
• Accreditation of qualifications of technicians who carry out the
inspection.
• Monitoring of reviews, with names of the report writer, a
report reviewer and the person/persons who ratify the report,
including dates.
• Contact details.
Structure of the report:
• List of material/tools used and calibration certificates if
applicable.
• Evaluation of general state of cleanliness.
• Documentation and training of staff.
• Tools.
• Compliance with maintenance manual/specifications.
• Photographic report of damage. Photographs with overall view
and detailed view of damage.
• Comments and anomalies discovered.
• List of pending tasks and cataloguing of these tasks:
Damage
category

Priority
of action

Recommended
action

1. Minor

Low

To be repaired in
next maintenance
operation

2. Severe

Medium

To be repaired
within 6 months

3. Critical

High

To be repaired
within a month

FuturENERGY
EFICIENCIA, PROYECTOS Y ACTUALIDAD ENERGÉTICA
ENERGY EFFICIENCY, PROJECTS AND NEWS

Figure 24.

6.6. Training/know-how/experience/accreditations required by
inspector
Inspectors should have up-to-date GWO certification, specific
training in the risks associated with the wind turbines to be
inspected and in inspection techniques.
The inspection company should have at least two years of
experience in the undertaking of inspections and technicians
should have experience of at least six months.

7. Other inspections

7.1.1. Objectives
The objectives of periodic inspection of lighting and functioning
are:
• To ensure that any type of work in the interior of the wind
turbine is carried out with adequate minimum safety conditions
in terms of lighting.
• To ensure that maintenance work is carried out with adequate
levels of lighting for the correct execution of this work.
7.1.2. Benchmarks and general considerations:
• The systems should work in both service and emergency
modes.
• Application of European EN-50308 Standard. Wind turbines.
Protective measures. Requirements for design, operation and
maintenance.
• Application of EN 50172 Standard. Emergency escape lighting
systems.
• Application of EN 50171 Standard. Centralised electrical lighting
systems.
• Application of IEC 61400-1:2005/A1:2010 Wind turbines.
• Application of EN 1838. Lighting applications. Emergency
lighting.
• Principles for the Recurring Periodic Inspection of Wind Turbine
Generator Systems, BWE.
• Principles for condition-based maintenance of wind turbines,
BWE.
• G.LLOYD: Guideline for the Certification of Wind Turbines, 11.
Periodic Monitoring. 2003
• ANFALUM (Spanish Association of Lighting Manufacturers)
documentation.
7.1.3. Scope of inspection
The scope of the inspection is to evaluate the general condition
of the interior lighting system and should include all potential
damage that may be present.
The characteristics of the inspection will depend on whether the
lighting system:
• Automatically provides information related with its functioning
or whether verification tests need to be programmed.
• The information is available remotely or physical presence is
required in order to take readings or verify operation.
The objectives of creating inspection protocols are independent of
the methods implemented.
Inspection protocols should ensure diagnosis of the following list
of potential defects:
• Illuminance measurements*:
– Service mode:
aWork area: minimum level: 50 lux.
aPassage or evacuation area: minimum level: 10 lux.

– Emergency mode:
aWork area: minimum level: 10 lux.
aPassage or evacuation area: minimum level: 10 lux.
• Autonomy of lighting system in emergency mode.
• Damage to housing/diffusers of light fittings.
• Damage to anchoring/fixation of light fittings.
• Battery discharge/charge failure in emergency light fittings.
• Damage to general wiring of lighting system.
Inspections should ensure correct evaluation of the state and
remaining value of the assets analysed.
*Illuminance values indicated are the minimum values set out
in the relevant Standards. Some manufacturers or owners may
require values above those set out in the Standard.
7.1.4. Maintenance and inspection procedure
General aspects
Automatic inspection: verifies by itself the correct functioning of
the system or device.
Non-automatic inspection: Inspection requiring actions on the
part of the operative to check correct functioning.
Register: inspection results should be recorded.
Regular maintenance is essential. The owner or operator of the
premises should assign a competent person to supervise the
system.
This person should have sufficient authority to ensure the
execution of all work necessary to maintain the facility in a
correctly functioning state.
Frequency of automatic inspection
When automatic testing devices are used, the information should
be registered on a monthly basis.
Frequency of non-automatic inspection
Where national regulations are not applicable, the following
measures should be applied:
General aspects: Bearing in mind the possibility that a normal
fault in the power supply to the lighting system may occur at the
time of carrying out testing on the emergency lighting system,
or during the subsequent charging period, lengthy testing should,
insofar as possible, be carried out prior to low-risk periods to
facilitate the recharging of batteries.
Alternatively, appropriate temporary measures should be taken
until the batteries have been recharged.
The following minimum inspections and tests should be
carried out in the periods prescribed in the following sections.
The relevant authorities may demand that specific tests be
carried out.
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7.1. Interior lighting. System inspections in operating and
emergency modes
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Six-monthly

Six-monthly

Six-monthly

Each time

Illumination
levels in
emergency
mode

General
functioning
in
emergency
mode

Illuminance
level
measurements with
luxmeter

Visual
inspection

Risk that emergency evacuation cannot be
undertaken with adequate lighting at some points,
creating additional risks
Serious risk that emergency evacuation cannot be
undertaken with adequate lighting at some points,
creating additional risks

Most significant points of surfaces occupied by
workers and work tops have levels of illumination of
less than 10 lux

All significant points of surfaces occupied by workers
and work tops have a value in excess of 10 lux in
emergency mode

Evacuation of the wind turbine can be undertaken
with adequate lighting conditions in the event of
emergency

Some insignificant points of surfaces occupied by
workers and work tops have a value of less than 10
lux but higher than 3 lux in emergency mode

Programmed maintenance work can be carried out

No apparent malfunctioning is observed in any light
fitting

Each time

It is necessary to implement the quarterly inspection
protocol

Maintenance work is carried out with INADEQUATE
lighting conditions and the workplace is unsafe in
lighting terms for evacuation purposes

All significant points of surfaces occupied by workers
and work tops have a value in excess of 10 lux in
emergency mode

Six-monthly

Apparent malfunctioning is observed in some light
fittings

Maintenance work is carried out with INADEQUATE
lighting conditions

Most significant points of surfaces occupied by
workers and work tops have levels of illumination of
between 10 lux and 50 lux

Six-monthly

Illumination
levels in
operational
mode

Risk of some maintenance operations being carried
out with inadequate lighting conditions

Some insignificant points of surfaces occupied by
workers and work tops have a value of less than 50
lux but higher than 10 lux

Six-monthly

Illuminance
level
measurements with
luxmeter

Maintenance work is undertaken with adequate
lighting conditions

Programmed maintenance work can be carried out

Consequence

All significant points of surfaces occupied by workers
and work tops have a value in excess of 50 lux

No apparent malfunctioning is observed in any light
fitting

Inspection result

Six-monthly

Visual
inspection

Inspection
type

It is necessary to implement the quarterly inspection
protocol

General
functioning
in
operational
mode

Scope of
inspection

Apparent malfunctioning is observed in some light
fittings

Each time

Each time

Frequency

Serious

Moderate

Moderate

Serious

Moderate

Slight

Moderate

Seriousness

Suspend maintenance work inside wind turbine. Change
light fittings and/or batteries to exceed benchmark
illumination level in emergency conditions: 10 lux

Suspend maintenance work inside wind turbine.
Evaluate the need to change the light fitting in
accordance with the importance of operations carried
out with illumination values of less than 10 lux

None

None

Suspend maintenance work inside wind turbine. Change
light fittings or light-emitting elements (fluorescent
tubes) to achieve illumination level of 50 lux

Change light fittings or light-emitting elements
(fluorescent tubes) to achieve illumination level of 50
lux

Evaluate the need to change the light fitting in
accordance with the importance of operations carried
out with illumination values of less than 10 lux

None

None

Recommended action

Recommendations for diagnosis
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Tools used

Recommendations for diagnosis

Ref.
No.
of devia

Correct calibration

Inspection type

Defect

Consequences

Photograph/Video

Defects in visual format

Inspection result

List of deviations observed in lighting system
Seriousness

Inspection technical accreditation

Date of commissioning

Technician

Inspector

Wind turbine no. (output)

Date

Wind turbine no.

Wind turbine model

Description

Inspection identity No.

Wind farm

Signature

Date

Country

Wind turbine identification

Wind turbine lighting system inspection log book

Action recommended

Inspection

Next inspection

Final diagnosis

Person responsible
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Whenever a wind turbine is entered:

Recommendations for diagnosis

a) The functioning of the light fittings in service mode and
emergency mode should be verified. This is a rapid review
consisting of switching on the system and simulating a power
outage to activate the emergency mode to enable visual
verification that the lighting system works in both modes or to
identify lights that do not work.
During this period, all light fittings and signals should be checked
to ensure that they are present, clean and working correctly.
At the end of this testing period, the normal power supply to the
lighting should be reconnected and it should be verified that all
indicators or devices show that the power supply has been reestablished.
b) In addition to what is indicated in point a), system monitoring
devices should be checked for systems with centralised batteries.
c) In addition to what is indicated in point a), the requirements of
the ISO 8528-12 Standard should be borne in mind for generating
equipment.
Six-monthly inspection
a) Every light fitting and illuminated signal should be tested
throughout its entire period of nominal autonomy, in accordance
with the information provided by the manufacturer.
b) The power supply to the normal lighting system should be
reconnected and it should be verified that all indicators or devices
show that the power supply has been re-established. Charging
devices should be checked to ensure that they are working
correctly.
c) The date and result of the test should be entered in the system
log book.
d) Moreover, the requirements of the ISO 8528-12 Standard
should be borne in mind for generating equipment.
The following table is a guide that offers a schematic
representation of the inspections to be carried out. These are the
minimum necessary inspections and may be complemented by
further inspections or more frequent inspections if considered
necessary.

Recordings in log books should be available and they should
either take the form of manual annotations or printouts obtained
from an automatic testing system.
System log book
Following the annual inspection and the undertaking of a set of
tests, as envisaged in periodic inspections, the person responsible
for the premises should be provided with a certificate of
inspection and testing.
Log book (reports)
A log book for the inspection of all duly authorised persons
should be available on the premises and in the care of the person
designated by the owner or operator of the premises.
The log book should, at the very minimum, contain the following
information:
• Date on which delivery was taken of the system and certificates
associated with modifications.
• Dates of all periodic inspections and tests.
• Dates and brief description of all actions, inspections and tests
carried out.
• Dates and brief descriptions of defects and corrective actions
taken.
• Date and brief description of any modification to the emergency
lighting system.
• If an automatic testing device is used, the main features and a
description of the way in which this device works.
NOTE 1 – The log book can also include pages associated with
other safety registers, such as fire alarms, for example. Details of
the substitution of light fitting components, such as lamp type,
batteries and fuses, can also be included in the log book.
NOTE 2 – Computer printouts of the data of an automatic test
system can fulfil the requirements of this section.
7.1.6. Inspection requirements
The maintenance company should guarantee that the following
elements are in its possession, and have been read and
understood:

7.1.5. Records and reports of safety lighting systems
General Aspects
When the inspection work has been carried out, plans of the
safety lighting installation should be supplied and kept on
the premises. The plans should be drawn up in accordance
with section 514.5.1 of Harmonisation Document HD 384.5.
In particular, all light fittings and main components should
be identified and updated whenever there is a significant
modification in the installation. These plans should be signed by a
person qualified to verify that the design has been carried out in
accordance with the requirements of this standard.
Moreover, a log book in accordance with section 4.3.3 should be
provided and should include all information related to routine
inspections, tests, defects and alterations in the installation.
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• Wind farm documents/papers.
• Required inspection permits.
• Health & Safety plans.
• Specific risk prevention measures.
• History of maintenance – Documentation.
• Manufacturer’s instruction manual.
• Reports of all previous technical inspections.
• Other appropriate records.
• Maintenance contract.
• Preventive maintenance carried out – frequency and scope.
• Results of checklists implemented.
The recommended training for inspectors is outlined in a general
section for all of the inspection techniques implemented, and
a specific section that examines the particular aspects of each
technique.

The following is a summary:
Common training
Spanish Royal Decree RD614: 614/2001, of June 8 on minimum provisions for the protection of worker health and safety
against electrical risk. Spanish Official State Journal BOE nº 148 21/06/2001
- GWO
Specific training in management of risks associated with turbine to be inspected
- Specific technical training on shutdown, locking and operation of wind turbine model to be inspected. (Such training is not
required if wind turbine operation is carried out by an accredited third party).
- Fire fighting- First aid
Specific training
Stairs. Rescue and evacuation.

The minimum experience necessary to carry out any type of
inspection independently is set at 6 months.
7.1.7. Inspection report
Should contain the following information:
General data:
• Country/Region
• Wind farm
• Wind turbine model
• Number of wind turbines on farm and total capacity
• Date of commissioning of wind farm
Inspection
• Date.
• Inspection identity number.
• Wind turbine no. and blades inspected.
• Possible deviations in scope from original requirements.
• Date of next inspection (if applicable).
Responsibilities
• Person responsible for the work on the part of the client.
• Monitoring of reviews, with names of the report writer, a
report reviewer and the person/persons who ratify the report,
including dates.
• Technicians who carry out the inspection.
• Accreditation of qualifications of technicians who carry out the
inspection.
• Contact details.
Structure of the report:
• List of material/tools used and calibration certificates if applicable.
• Individual summary of damage, with location, cataloguing and
classification in accordance with severity. For example:
• Classification by category in accordance with severity:
Damage category

Priority of action

1. SLIGHT

0 - None

2. MODERATE

2 – Medium

3. SERIOUS

3 – High

• Photographic report of damage. Photographs with overall view
and detailed view of damage.

• Criteria used for cataloguing of damage.
• Comments and anomalies discovered.
• Summary of results. Conclusions
• Indication of next inspection date
Corrective measures and proposals for general improvement.
Final diagnosis. Inspection results.
For example:
• Damage representing a risk for the undertaking of daily work or
evacuation in the event of emergency has not been observed.
• Damage has been discovered during the inspection:
• The wind turbine/farm can continue to operate provided that
corrective measures and deadlines for their implementation are
established.
7.2. Substation and High Voltage Lines
Inspections of substations and high voltage lines (HVL) are
regulated by Royal Decree RD 3275/1982 and must be carried
out at least once of 3 years.
The objective of these inspections is to protect people, and the
integrity and operability of assets that might be affected by
these installations, whilst achieving the necessary regularity of
power supply. Periodic inspections should be carried out by the
Provincial Directorates of the Ministry of Industry and Energy
or, if applicable, competent regional bodies or organisations
that work in collaboration with the Ministry of Industry and
Energy and have the necessary authorisation to apply Electricity
Regulations.
From the perspective of the developer, such inspections should
be sufficient to guarantee the perfect condition of these assets in
combination with a good maintenance plan. A description of the
nature of such a maintenance plan is outside the scope of this
document.
In addition to compulsory inspections, it is recommended that
periodic visual inspection be undertaken of the High Voltage Line
to check that there are no anomalies that might jeopardise its
integrity or cause interference in the lines:
• Control of vegetative growth by organising the clearing and
pruning needed to prevent contact between branches and
power lines.
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Lifts. Use and handling.
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Figure 26. Pruning of trees to prevent branches entering into contact
with HVL

Transformers: verification of levels and losses, anchoring of
machines and general conditions. Observation of Silica gel.

Figure 25. HVL damage (Source: RSA)

• Control of erosion that might jeopardise the structural integrity
of support structures.
Inspection of underground lines are not recommended due to
the risk of inspection procedures causing degradation of the
installation.

Busbar, connections and conduits: check circuits, conduits,
condition of connections and heating detection systems. Check
that distances and cross sections are within admissible values.

7.2.1. Implications and responsibilities
7.2.2. Frequency of inspections and assets to be inspected
The minimum frequency of mandatory inspections is once every
three years and affects substations and HVLs belonging to the
developer.
It is recommended that complementary HVL inspections be
carried out annually.
7.2.3. Scope of inspection
During the work to verify compliance with regulations, the
following elements should be inspected:
Documentation: verification of mandatory documents.

Owners

Public authorities

• Guarantee the
safety and
appropriate
condition of assets.
• Comply with current
legislation
• Permit access
to facilities and
provide the required
information
• Analyse conclusions
of the report and
take the necessary
corrective actions.

Define inspection
requirements and
scope and monitor
compliance with
regulations

Table 5.
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Switchgear: verify oil levels and SF6 pressure, and the existence
of surge protection. Verify correct functioning of voltage
detectors and circuit breaker on/off indicators.

Outdoor grounds and premises: check condition of accesses
and outdoor enclosure elements, land and paving conditions
of the wind farm, drains, oil collection pits, conduits and
utility corridors. Check if there are damp patches in buildings.
Check correct functioning of indoor and outdoor lighting and
emergency lighting. Check that there is adequate signposting
and verify the condition of protection elements. Check
dimensions in utility corridors and mandatory distances
between unprotected sources of electricity. Check for rust.
Check that fire protection systems are in place.
Earthing: check condition of earthing conductors and
connections. Check the earth connection. Measure the earth
resistance, and step and touch voltages, in accordance with
instruction MIE-RAT 13 of the current Regulations set out in
Royal Decree R.D. 3275/1982.

Approved
Inspection
Bodies

Banks and
financial
institutions

Should carry out
quality assurance
inspections
objectively

The report should
serve them for the
detection of future
operating risks

Insurance
Company

The report should
serve them for the
determination of risks

7.2.4 Inspection prerequisites
• Wind farm documents/papers.
• Required inspection permits.
• Health & Safety plans.
• Specific risk prevention measures.
• Information from equipment manufacturers.
• Reports of previous inspections.

• Technical specifications.
• List of non-compliances.
7.2.6. Training/know-how/experience/accreditations required
by inspector
The statutory inspection must be carried out by an Approved
Inspection Body (OCA).
7.3. Converter
Maintenance will focus on the different stages of which
the converter is composed, without overlooking external
components that directly influence the functioning of
the converter, given that malfunctioning of such external
components could cause serious damage to the converter.

7.2.5. Inspection report
The inspection report should, at the very minimum, include the
following data:
Asset data
Wind farm:
• Date of commissioning of the wind farm.
• Total installed capacity (MW).
• Location
• Characteristics of main equipment
Inspection:
• Date of inspection.
• Date set for next inspection (if applicable).
• Person responsible for the work on the part of the client.
• Staff who carry out the inspection.
Responsibilities:
• Accreditation of qualifications of technicians who carry out the
inspection.
• Monitoring of reviews, with names of the report writer, a
report reviewer and the person/persons who ratify the report,
including dates.
• Contact details.
Structure of the report:
• List of material/tools used and calibration certificates if applicable.
• List of defects.
• Measures required to correct defects.

All preventive maintenance carried out will be recorded, including
notes on the tasks undertaken, anomalies detected and how they
have been corrected. Each document will be filed for subsequent
analysis.
7.3.1. Internal converter components
The maintenance procedures required for the different converter
components are as follows:
7.3.1.1. Power cables
Power connections consisting of cables carrying high currents,
converter input and output cables, rotor-side output cables,
connected by means of press-fit terminal connections, through
which the screw that joins it to the terminal connection
passes.
• Check that the cable has not slipped out of the press-fit
terminal connection. This tends to happen with short, tense
cables, where jerking can cause the copper to slip and almost
come loose. If this is detected, the cables affected may have
to be replaced with longer, well routed cables and it should be
ensured that these cables are not in tension.
• Poor tightening in the press-fit connection or loosening over
time means that vibrations can cause the cable to come
loose.
• Check that there is no blackish colour caused by heating due to
poor contact. Check the connecting cable and the terminal for
blackening or other signs of burning.
• Check screw tightening torque with terminal, observing
manufacturer’s recommendation [Nm].

Final diagnosis:
A duly completed, signed Certificate of Statutory Inspection
should be submitted and should contain the following annexes:
• Certificate of Earthing, and Step and Touch Voltages
• Drawings.

Figure 28. Cables mounted on chokes. Normally it is the Main Choke
and the output chokes to the rotor dv/dt.
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Figure 27.

Examples of such components include: stator, contactor and
manoeuvres of this contactor, automatic circuit breaker, rotor
and uninterruptible power supply 230 V UPS.
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7.3.2.2. Harmonic filters

Recommendations for diagnosis

The inspection of harmonic filters should be included in the
preventive plan. Because they are connected to the AC line, they
tend to become worn and lose capacitance. Malfunctioning of the
filters increases electrical noise and can cause noticeable lapses
in communication with other components. Defective harmonic
components can cause problems for the iron in the generator,
to the point of overheating. The functioning of IGBTs can also be
affected as they pass through these components.
To facilitate correct measurement, the filter should be isolated,
although a group of harmonic filters with star or triangle
connections can be measured. The theoretical expected
measurement should be checked and it should be the same for all
possible combinations.

Figure 29.

7.3.1.2. Busbar connections
Review tightening torque of all busbar connection screws/bolts.
It is important to prevent loose connections. High currents result
in high temperatures in the contact, which can cause the copper
to melt.
Converters placed in the nacelle are most affected due to greater
oscillation of the tower and vibrations from the generator, which
create stress on the different busbars and can cause them to
loosen.

Figure 31.

An appropriate strategy, in accordance with the converter type,
should be planned.

Figure 30.

7.3.2. Capacitances
A summary of the capacitances of the different components is
provided below.
7.3.2.1. DC-link bus capacitors
In most converters, it is not possible to measure the capacitance
of DC-link capacitors. There are many capacitors and it is not
easy to isolate them in order to measure them. For this reason,
they are not included in the preventive maintenance plan. They
are replaced in corrective maintenance as they often short
circuit internally and fail. Moreover, because these are film-type
capacitors, they are very safe and stable even if they have been in
operation over long time periods.

Figure 32.

A strategy should be drawn up in accordance with the type
and output of the converter. The larger the converter, the more
capacitors it will have.
Important:

Therefore, a visual inspection can be carried out to look for damage
such as breakages, holes or spark marks. It is recommended that
capacitors thus affected be measured and replaced.
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It must be ensured that the capacitor is not charged as it could
cause serious or fatal electric shock.

7.3.2.3. Inductors
Main choke inductors have to bear great stresses because they
commute against the input current to elevate the DC bus voltage.
These inductors can become damaged, causing some coils to
short circuit. This would result in overstress on IGBTs when
increasing voltage and also create more electrical noise.
The inductance of each phase should be measured, meaning that
at least one connection must be disconnected in order to take
the measurement. The values will be compared with those of the
other phases and should be the same.
7.3.2.4. Surge protectors
Surge protectors act to protect circuits being fed by the current
during periods of overvoltage by swiftly reducing the ohmic
value in order to absorb the voltage spike. But this lowering of
resistance generates high stress through the surge protection
device and can cause it to fail or become damaged. If this occurs,
a flag alarm is generally activated to alert to the condition of
the surge protection device. However, in some cases, although
the device is damaged, the flag alarm fails to activate. For this
reason, a visual inspection is recommended to detect breakages
or blackening.
7.3.2.5. Bleed resistors
These devices are use to prevent capacitors from remaining
charged when the power has been removed from the converter.
In these circumstances, there might be a false impression
that there is no voltage in the system, which might result in
electrocution or burns caused by sparks. This mainly affects
filter capacitors connected to alternating current. In many cases,
these elements are simple resistors arranged in parallel to the
filter capacitors, but in other cases, they are chokes with high
reluctance to the frequency of the grid, 50 Hz or 60 Hz. However,
once the capacitor reaches its fixed voltage, this choke presents
no resistance to the continuous voltage and discharges the
capacitor.
Bleed resistors are also triggered when the voltage is
reconnected with charged capacitors. There is a voltage spike
similar to short circuiting and the voltage of the grid does not
coincide with that of the capacitor.

Figure 33.

But a visual inspection will always be necessary, particularly of
the choke coils, which often present visible damage. When the
thyristors fail, they short circuit and the converter will then fail,
meaning that corrective maintenance is required.
7.3.2.7. Control system
The converter has two CPU-based control systems: one to
control the current of the reversible input rectifier system and
the other to generate alternating current for the rotor. Both CPUs
have systems to measure different voltages and currents, and
to measure the encoder signal. Manual triggering, both with the
converter switched off and in operation, enables the functioning
of the measuring system to be assessed.
7.3.2.8. Auxiliary system
This system powers the different auxiliary systems, such as:
fans, heating, protection systems and back-up lines. The auxiliary
system comprises contactors and thermal-magnetic circuit
breakers.

7.3.2.6. Crowbar

Recommendations for diagnosis

The crowbar unit is of vital importance in protecting the converter
from a sudden voltage spike in the rotor of the generator. This
system immediately short circuits the connection to the rotor of
the generator, thereby preventing the voltage spike from reaching
the converter.
The crowbar system normally comprises a set of thyristors, with
a resistance in which to discharge the large current caused by the
short circuit. It may also include a set of inductors to smooth the
voltage spike.
Manufacturers may have developed a method for activating
the crowbar system in test mode for each converter model.
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Figure 34.
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Figure 37.

• Radiator cleaning:
Radiator flaps should be cleaned to ensure that they are dust and
grit-free and that there is good heat exchange.

Figure 35.

It should be verified that circuit breaker trip setting values are in
accordance with those specified in the manufacturer’s table, and
humidity and temperature sensors should be inspected.

7.3.2.9.2. Liquid cooling

It will be verified that connections are correctly secured and
tightened. A bad contact can cause failures that are difficult to
diagnose.

The pressure of the fluid will be checked using the pumping
station pressure gauge. Low pressure may indicate: a possible
leak, malfunctioning of the expansion tank, breakage and
waterlogging of the internal bladder, or simply nitrogen loss. For
more details, the pumping station/expansion tank manual should
be consulted.

The correct functioning of the back-up line must be verified,
along with its reaction when its associated protection devices are
activated.

• Pressure of the fluid:

Figure 38.
Figure 36.

• Leaks:

7.3.2.9. Cooling system

7.3.2.9.1. Air cooling

Connectors and fittings should be checked for rust or lime marks,
which are indications of potential fluid leaks. The replacement
of the affected fitting will be evaluated or it may simply be that
assembly components have become loose. Pressure relief and air
evacuation valves will also be checked.

• Fan motors:

• Quick connect shut-off couplings:

The condition of fan motors will be checked. The inspection will
include the control switch as well as consumption intensity,
which should be checked with a current sensor. Abnormally
high consumption may indicate that the motor is damaged. This
damage may be mechanical, in the form of bearings damage,
or electrical, in the form of short circuited coils. In the event of
damage being detected, replacement or repair of the component
in a specialised workshop should be considered.

These devices enable disconnection of the circuit without
releasing fluid, thereby allowing components to be replaced
without emptying the circuit. These mechanisms feature a check
valve with spring-assisted valve closing system. This spring
can become rusty or break. Moreover, the seal can accumulate
solid particles which can cause slowing or clogging of the liquid
flow, with a consequent loss of efficiency. It is recommended
that each coupling be disconnected to ensure the absence
of sediments, the correct operation of the spring and valve
closure systems, and that the fluid circulates with the minimum
resistance. In the event of defects or excess sediments,
replacement is recommended.

This can be an air cooling or a liquid (glycol/water) cooling system.

In static mode, the motor shaft will be moved manually to ensure
the absence of friction or shaft play.
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Figure 41.

Figure 39.

• Condition of fluid:
The status of the fluid should be checked. If it contains sediments
or residual solids, the possibility of replacing it should be
assessed as these can accumulate in the quick connect couplings
or damage the pump.

closes in conditions other than those described, this will result in
high current in the stator and high induced voltages in the rotor,
particularly if the generator is stopped. This will damage the DClink bus capacitors as a result of the high voltage rectified by the
diodes of the rotor-side IGBT circuit.
The manoeuvres circuit of the stator contactor should be
inspected, and the intermediate auxiliary relays that drive it
should be checked. It should be borne in mind that the stator
contactor carries out many manoeuvres, thereby wearing
the parts of the intermediate relays. The periodic preventive
replacement of these relays should be evaluated. They may need
to be replaced every 4 years.
The relays for detecting closed contactor position should also be
reviewed as alarms can be set off in the converter if this position
is not detected.

• Heat exchanger:
The rotation direction of the main fan should be checked. Cases have
been detected where it rotates in the wrong direction, causing a
reduction in air flow and excessive temperatures, whilst also creating
the impression that the problem resides in other components.
The date of the last inspection should be checked. If there has
been a delay in carrying out a review, the device could have a large
quantity of sediment and cause fouling of the circuit.
7.3.2.10. External components
External components influence the functioning of the converter
and should be taken into account when preventive maintenance
is carried out on the converter.
7.3.2.10.1. Stator contactor manoeuvres
The contactor closes when the voltage waveform generated in
the stator is identical in amplitude, frequency and phase to the
grid waveform. If there is a fault in the system and the contactor

This contactor undergoes a large number of manoeuvres,
and sometimes with current, e.g., in the case of converter
disconnection due to a fault, resulting in sudden opening of
the contactor. In consequence, the chamber and contacts may
be blackened by sparks, with the risk that they might stick in
subsequent manoeuvres. Damaged contacts should be replaced
and the chambers should be cleaned.
Figure 28. Blackened contactor, which can even be seen from
outside. The exit of the chamber fires against the current
transformers, damaging them also (horizontal deja hueco)
7.3.2.10.2. Automatic circuit breaker
This is a very important safety component, as it protects the
wind turbine from fire if there is a short circuit in the converter
and/or generator. For this reason, it is imperative to inspect the
automatic circuit breaker.
It should be inspected by a specialist who has received the
appropriate training from the manufacturer. The inspector will
check that the tripping mechanism is in appropriate condition,
both mechanically (springs) and electrically (trip coils, etc.).
Components will be replaced if deemed necessary. The inspector
will mark on a label the date of the review, and the name of the
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Figure 40. Example of fluid in poor condition
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Figure 42.

company and technician who have carried it out, because in the
case of an accident due to failure of the mechanism, claims for
damages may be possible. The review intervals recommended by
the manufacture will be adhered to.
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The trip settings and different adjustments will be checked
against the table provided by the manufacturer during the
commissioning stage.

