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GL 2009 - GLIV-1 12 Guideline for the Continued Operation of Wind Turbines

12.1 Introduction

Fundamentally. there are two different approaches to
providing the necessary verification: a distinction can
be made between analytical and practical methods.

The analytical method is an assessment conducted by
means of new calculations for the wind turbine. taking
into account the site-specific installation and its local
conditions.

The practical method is an assessment through inspec-
fion of the wind turbine. in a similar manner to the
general roadworthy inspection performed on motor
vehicles,

3

DNV GL ©

DNV:-GL



GL 2009 - GLIV-1 12 Guideline for the Continued Operation of Wind Turbines

12.3 Requirements for the experts

All mspections of the wind turbine as well as all evalua-
tions of loads and/or components of the turbine to be
performed within the scope of the assessment with regard
to continued operation in accordance with this Guideline
shall be carried out by qualified. independent experts for

wind turbines. These experts shall be recognized by Ger-

manischer Lloyd (GL) and shall have the technical com-
petence for proper assessment of the entire wind turbine.
Evidence of the corresponding education and training as
well as an ongoing exchange of experience shall be pro-
vided. Accreditation as per DIN EN ISO/IEC 17020 or
DIN EN 45011 (or equivalent) is required.
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GL 2009 - GLIV-1 12 Guideline for the Continued Operation of Wind Turbines

12.6.1 Assessment through renewed calculation
(analvtical method)

12.6.1.1 General

As the basis for assessment through renewed calcula-

tion, it is as a rule necessary to use the current version

of the guideline which served as the basis for the issu-

ing of the building permit or for the certification. The

current state of the art and the country-specific regula-

tions shall be considerad in addition.

12.6.1.2 Procedure for analysis

The structural integrity and the remaining service life

of the wind turbine as a result of extreme loads and

fatigue loads shall be verified by the manufacturer or

operator, and assessed by GL. The result of the as-

sessment is documented in an expert report.

12.6.1.3 Periodic Monitoring

Subsequent to the analytical assessment by the expert.

Periodic Monitoring shall be performed.

12.6.2 Assessment through inspection
(practical method)

12.6.2.1 General

The objective of the inspection is to assess the wind
turbine with regard to its suitability for continued
operation; the inspection shall include the machinery.
rotor blades. safety system. tower. foundation and thus
the condition of the entire installation. The result of the

inspection is documented in a record concerning the
inspection of the wind turbine for continued operation.

Table 12.6.1 Assessment scope of the inspection

Assembly

Rotor blade

Nacelle and force- and
moment-transmiftting components

Hydraulic system. pneumatic system

Tower and foundation

Safety system. sensors and braking systems

Control system and electrics

including transformer station and switchgear
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

1.1 General

1.1.1

This DNV GL Standard provides principles, technical requirements and guidance for extending the lifetime
of wind turbines onshore and offshore.

2.1.1.3 The evaluation of a turbine with regard to an extension of service life shall always be based on a
combination of an analytical part and a practical part.
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

Table 2-1 Assessment scope

Component/System Parts
Rotor Blade EBlade
Machinery components Hub

Main shaft

Torgue arm

Main bearing housing
Main frame

Rear frame

Spinner and nacelle cover
Pitch system

Main shaft bearing
Gearbox

Bolt connections

Yaw system

Tower

Tower segments
Tower connections
Door opening

Foundation

Anchor bolt connection
Embedded steel section
Slab foundation

Pile foundation

Jacket structure (offshore)

Monopile structure (offshore)

Grouted connection

Control and protection system

Sensors
Braking systems
Control software

Electrical EqQuipment

Generator
Lightning protection
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

APPENDIX A METHODS FOR LIFETIME EXTENSION

Table A-1 Methods for lifetime extension assessment

—  Inspection as per turbine-specific inspection plan that has been developed in the
anahytical part

—  wvisual ingpection of all lad-transferring and safety-relevant componernts
—  review of maintensnos neparts snd Inspection reports far specific turbine
— consideration of SCADA dats

— consideration of wind turbine type related fleld experiance

— performance of tests

restrict ans feonditions
{89, component
exchange, installation
aof CMS, ete.) IF
required

Method Seope Main outcome
—  wisual inspection of all lkad-transferrng and sefety-relevant components ewaluation, If turbine &
Lifetime —  review of maintenance reparts and Inspection reparts far spedfic turbine suitable for Mfetime
extersion extension
Ins; on — oconsideration of SCADA data
[LEI} —  consideration of wind turbine type relsted field experience
—  simple bests
Anslytical part:
—  load calculstion, may be performed wsing generc turbine model —  specification of
—  calculation of possible extension of lifetime based on environmertal conditions as pozsitle lifetirme
per original design vi. environmental conditions at the site etersion
— passibly accompanied by load messurements —  specification of
Simpifed P required inspection
o for | Practical part: senpe and irtervals
\ifetirme besed on inspection
Extansion —  inspection based on general inspection plan results and results:
—  visual inspection of il kad-transferring and safety-relevant components analytical part
—  meview of maintenance reports and Inspaction reports for specific turbing - Mfun"r::f_‘dl
—  consideration of SCADA dats (... component
—  consideration of wind turbine type relsted feld experience exchange, Installation
—  performance of tests of CMS, ete) if
regu
Anahytical part: g
—  load calculation based on specific turbine model —  specification af £
—  calculation of pessible extension of fetine based on environmertal conditions as possible |fetime -4
per ariginal design vs. site specific environmental conditions and utilization rate etersion g
of components: —  specification of =
—  meserve calculations on load-transferring companents mqu'mdmljnspecﬂ:‘ﬂ =
—  passibly sccompanied by lnad messurements “P‘,:n I'”’““‘ ui‘ J:
—  possibily optimization of cortrol system
B led results and results:
. - K — oonsideration of turbine type related field experience analytical part
i m:"d BT — development of turbine-spedfic Inspection Han —  specification of
extension restrictions/conditions
Practical part: {..0. componernt
exchange, installation
— inspection as per turbine-specific inspection plan that has been developed in the of CMS, etc ) iF
analytical part requiresd
—  wisual inspection of all lead-transferring and safety-relevant components
—  review of maintenance reports end inspection reports for specific turbine
— oconsideration of SCADR date
— oonsideration of wind turbine type relsted field experience
—  performance of tests
Analytical part:
—  structural reliability analysis (stochastic spproach) —  specfication of
—  ealculations besed an generic or spedfic turbine modesl possible lifetirme
extersion respectively
—  selection of reliabiity levels reliatillty level i
—  idertification of fallure modes _ fication of
—  passibly accompanied by load messurernents required Inspaction 4
—  possibly optimization of comtrol system scope and intervals -
Probabilistic | —  consideration of turhine bype related feld experience br:ﬂg"" :"EPEI'J;" -]
approach for —_ IS BNd s
[ development of turbine or site-specific inspection plan anal ) pert %
extension Practieal part: —  specification of g
o
o
e
g
&
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

visual inspection of all load-transferring and safety-relevant components
review of maintenance reports and inspection reports for specific turbine
consideration of SCADA data

Method Scope Main outcome

— visual inspection of all load-transferring and safety-relevant components evaluation, if turbine is
L|Fget|m_e — review of maintenance reports and inspection reports for specific turbine su!Etablfa for lifetime
extension . : extension
. . — consideration of SCADA data
inspection ) ) _ _ . _
(LEI) — consideration of wind turhine type related field experience

— simple tests

Analytical part:

— load calculation, may bhe performed using generic turbine model —  specification of

— calculation of possible extension of lifetime based on environmental conditions as possible lifetime

per original design vs. environmental conditions at the site extension

— possibly accompanied by load measurements - spec[ﬂcelzt.mn th_
e required inspection
Simplified : ch e and il*l?ceruals
approach for | Practical part: h pd . ;
lifatime ased on inspection
axtension — inspection based on general inspection plan results and results

analytical part

—  specification of
restrictions/conditio
(.e.g. component

ns

— consideration of wind turbine type related field experience exchange, installation |2
— performance of tests of CF*:’IE-, etc.) if S
required 5
wl
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

scope and intervals

Analytical part: 2
%]
— load calculation based on specific turbine model — specification of =
— calculation of possible extension of lifetime based on environmental conditions as possible lifetime c
per original design vs. site specific environmental conditions and utilization rate extension £
of components —  specification of E
— reserve calculations on load-transferring components required inspection s
i ) o
— |::|c:ss!hl1g,-r a::c_c:ntlparjued by load measurements based on inspection E
_ —  possibly optimization of control system resulte and results
S'Eti'__:ggh for — consideration of turbine type related field experience analytical part
IiEEF;ime — development of turbine-specific inspection plan —  specification of
axtension _ restrictions/conditions
Practical part: (.e.g. component
exchange, installation
— inspection as per turbine-specific inspection plan that has been developed in the of CMS, etc.) If
analytical part required

— visual inspection of all load-transferring and safety-relevant components
— review of maintenance reports and inspection reports for specific turbine
— consideration of SCADA data

— consideration of wind turbine type related field experience

— performance of tests
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DNVGL-ST-0262 - Standard: Lifetime extension of wind turbines

Analytical part:

— structural reliability analysis (stochastic approach) — specification of
— calculations based on generic or specific turbine model possible lifetime
— selection of reliability levels extension respectively

_ L ) reliability level oy

— ||:|ent_|f|=:at|nn of fall_ure modes _  specification of =

—  possibly accompanied by load measurements required inspection ‘E

—  possibly optimization of control system scope and intervals n

Probabilistic — consideration of turbine type related field experience haself on ::fl"EP'EC‘itm” =
approach for | _  gdevelopment of turbine or site-specific inspection plan resUits and restiits £
lifetime analytical part =4
extension Practical part: — specification of v
restrictions/conditions |1

— inspection as per turbine-specific inspection plan that has been developed in the (.e.g. component k<]

analytical part exchange, installation |4

—  wisual inspection of all load-transferring and safety-relevant components of CMS, etc.) if 2

required o

— review of maintenance reports and inspection reports for specific turbine
— consideration of SCADA data

— consideration of wind turbine type related field experience

— performance of tests
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DNVGL-SE-0263 - Service specification: Certification of lifetime extension

Table A-1 Methods for lifetime extension assessment

Method Service Main deliverables Result

1]
fatime exten cenort ZES
ifetime extension N L . epor SE®
inspection (LEI) Lifetime extension inspection (LEI) “Lifetime extension inspection” 8= EJ
I w x
nea

Simplified approach
for lifetime
extension

Analytical part

Lifetime extension inspection (LEI)

Statement of compliance
“Analytical part lifetime extension, simplified
approach”

Certificate
“Lifetime extension, simplified approach”

Detailed approach

Analytical part *)

Statement of compliance
“Analytical part lifetime extension, detailed
approach”

approach for
lifetime extension

Lifetime extension inspection (LEI)

for lifetime
extension Lifetime extension inspection (LEI) Certificate
“Lifetime extension, detailed approach”
Analytical part *) Statement of compliance
“Analytical part lifetime extension,
Probabilistic probabilistic approach”

Certificate
“Lifetime extension, probabilistic approach”

Proof of strength and stability
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Wind turbine lifetime extension in Germany

DIBt - Deutsches Institut fur Bautechnik “Gutachten zum Weiterbetrieb”

DIBt 2012

“Gutachterliche Stellungnahme”

Wie nach GL-IV-1-12:2009,

erganzt mit zusdtzlicher Be-

* rechnung / .Probenahme”

» \d

L

. L
- L
] ¥
L] L

Praktische Methode:
Priifung durch Inspektion

.reprisenta- Analytische Methode:

Statische tive Probe-  Priifung durch Neuberech-

Berechnung

der Windenergieanlage nahme” nung der Windenergieanlage

Praktische oder analytische
Methode

GL 2009
Deutsche WindGuard
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Wind turbine lifetime extension in Denmark

Executive Order No.73

« Annual inspection of RNA and substructure

« 3-year blade inspections
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