renewables

M or

International Quality & Productivity Center

Wind farm owner’s view on rotor blades —
from O&M to design requirements

Antonio Herrera Sierra

BREMEN 25-27, February 2013 . e
uary Eduardo Garcia Pérez

Wind farm owner’s view on rotor blades — from O&M to design requirements



Wind farm owner’s view on rotor blades —
from O&M to design requirements

Large and heterogeneous fleet of blades

Typical failures in WTG blades

Inspections

How ser up a root cause analysis from owner perspective
Interaction between WTG manufacturer and wind farm owner
Repairs

Main challenges and future scenarios
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EDPR-EU fleet

Present fleet of EDPR in Europe has 3101 WT with the following characteristics:
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Blades on EDPR-EU fleet

*4124 MW installed capacity (EU, December 2012)
*3101 wind turbines

*9303 blades

eSome 33.620 tons of composite material in total
eLengths from 15 to 55 m

e\Weights from 750 to 13752 kg

eAges from 16 years to some months

e Materials: glass fiber, carbon fiber, polyester resin,
vinyl ester resin, epoxy resin, balsa wood, birch wood
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European fleet maintained directly by EDPR

EDPR in Europe has 3101 WT : * 1348 WT managed by EDPR  (43%)
* 1753WT managed by WT OEM (57%)
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Covering the blade maintenance service

Framework agreement with 4

companies for
inspections and repairs

e|t is planned an inspection campaign for each wind farm 6 months
before, adjusted 1 month before and confirmed 1 week before

e All blade technicians supply their CV

e Repairs are proposed base on inspections results and according
to a procedure that must by approved by the owner

e Reports of inspections and repairs according to an standard and
delivered 1 week after the works

e Teams of 2-3 technicians per wind turbine

e Prices closed for each work, calculated according to a unitary
prices agreement:

- Price of Inspection = f (number of blades ; longitude of blades ;
modality of access ; distance to the ISP base)

—> Price of Repair = f (number of working hours ; hub height ;
modality of access ; distance to the ISP base)
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Inspections

eVisual inspection from the ground through powerful
telescopes

- 100% six months before the end of warranty

- 33% - 50% each year after warranty

eVisual inspection at height by lifting platforms or

rappelling techniques or crane with platform in cases
where it is needed a more deep inspection
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Inspections
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Inspections results

Example of a wind farm with 67 WT inspected after 14 years of operation:

N2 of blades (total 201) | % afected blades

Leading Edge Erosion 174 L/ BI%\
Severe leading edge erosion 100 / 50% \
Dirtness, grease 197 \ 98% }
Gel coat debonding 54 /’\27%/
Transversal crack in pressure side 45 22%
Broken trailing edge 3 1%
Leading edge debonding 9 / 4%
6

/ 3%

Covered drain holes

Typical defects due to aging and working hours
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Inspections results
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Repairs

INSPECTION REPAIR
INSPECTION REPAIR
CAMPAING INSPECTIONS REPORTING REPORTING \\\ caAvPAING REPAIRS REPORTING
DESIGN ANALYSIS DESIGN

CIMG1014 CIMG1017 CIMG1018

il

CIMG1019 " CIMG1026
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Up-Tower Repairs

Example of a blade tip damaged by lightning.
Repaired Up-Tower

e|t is used a crane with platform. Some companies have developed
self-propelled platform lifts.
eRepairs that can be done:
- Surface cleaning.
- Leading edge wear.
- Leading edge and trailing edge cracks and debondings.
- Detachments of the external coats.
- In some cases: important structural root cracks.
*Repairs are done by the blade manufacturer (usually if blades are

under warranty) or by a ISP.
% renewables



Down-Tower Repairs

Las -
siguienites
ielas se
soiapan en esia
direccion 5 €M

Lolas 3o
sclapar o0 eata
direction 5 cm
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Repairs

LAMINATE SCHEDULE Type of Material Zstart Zfinish Length Width
1 (Top Layer) Biax 600 H.P 18150 18550 400 200
2 Biax 00 L.P 18150 18550 400 200
3 Triax 900 H.P 18075 18625 550 250
4 Triax 900 L.P 18075 18625 550 250
5 Biax 600 grapa 17975 18725 750 450
6 Biax 600 grapa 18025 18675 850 300

* Time

Time

9
P (bar)

Vacuum and
post-cured
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Repairs

LAMINATE SCHEDULE

Yo em




Repairs

NEW GLASS FIBER FABRIC

Tatal force [N] from a portion of the orginal blade that is going to be transferred to a

F | portion of the new fabric.
EPOXI RESIN LAYER L Length [mm] of the portion in longitudinal direction, coverad with adhesive, and where
L the original blade and the new fabric are overlapped.
T L Length [mm] of the portion in transversal direction, covered with adhesive, and where
T | the original blade and the new fabric are overlapped. N
¥ f Load per unit length [M/mm)] (transversal direction) in the blade portion of in the new
fabric.
L. > t | Shear stress [N/mm-] in the adhesive.
P . F . . _F 1
. L L-Ly L

EXTERNAL ORIGINAL BLADE SURFACE
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Major Correctives of blades

Some damages on blades require disassembly the
blade to repair on the ground, or in a workshop or
even require to replace the blade by another one

Annual Failure Rate of Blades 2006 - 2012
1,60% 3000

mm ANNUAL FAILURE RATE

1,40%

y \\ - 2500
- - 1,20% —N2WT
/ - 2000
1,00%
Average Annual Failure Rate 0,80% 1500
below 1% (0.5 —0.75%)
Some years there is a peak 0,60% - 1000
because of a massive blade 0,40%
failure (design or manufacturing o205 - 500
error) or a particularly o
i i i 0,00% 0

aggressive lightning storm
season

2006 2007 2008 2009 2010 2011 2012
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Key points to manage Technical Issues in EDPR fleet

Mechanical Engineers group
e Structural and Aerodynamic experience

e Composite structure manufacture skills B
e Composite design ,

Technical Knowledge

EDPR data base with information of 7000 assets | i

Blade Failure Data Base| * Breakdown by technology and wind farm
* Traceability from failure until applied solution

Enercon Gamesa
Establish internal rules

e Feedback O&M site managers GE ‘ \f !L
Work Methodology * Inspection ‘ ; Alstom

e Operation information

Vestas >

WTG Manufacture & | Relationship & Close Collaboration ‘U ::»,A,_",J Acciona
Owner Collaboration | * Scheduled Technical Meetings EDPR  Siemens

ﬁ renewables
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Root Cause of Blades Failures

EDPR
Background

@ renewables

WTG
Manufacture
S Manufacturing
Process
Responsibility
Lightning Erosion

WTG Owner

Few Interaction

»
|

Close Interaction

WTG Manufacture @
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Topology failure ()

Design

Manufacturing
Process

Downtower
repair

Understrength laminates

Wrong geometry

i EEE

. . Subcomponent =
Wrong subcomponent fatigue life refurbishment

De-bonding \X

Delamination

delamination

Wrinkles

Resin Voids

Resin voids



Topology failure ()

Insurance Damage
Lightning

Bad behavior of the system

Leading edge

Erosion
Gel Coat

Q renewables
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Information Management

5272 WTGs which implied

15816 blades

Gir! IMAS NEO - 04. Por Tipologia - IBM Lotus Notes

Data Base with the traceability and
solution of each failure occurred in the fleet

W — - - —

File Edit View Create Actions Tools

m 01| |A Home =

AN

e

Window Help

B Antonio Herrera Sierra - Correo =

e -

Breakdown by Technology, User, Installation & Topology

Untagged

Estis aqui: r.'lﬂﬂ Principal \ Vistas Usuario \ Por Tipologia

ya
[EJ Sefir Mioma ]

| 2 crear Incidencia | [ I Crear Incidencia Genérica || fa Mover a Mis Incidencias | [ G Bisqueda | [ Avuda |

Nueva Solicitud ‘
=rVistas
General I
Por Estado '
Por Usuario
Por Instalacion I
Por Tipologia
Por Fabricante I
Wis Incidencias /
\ Ayuda /
N\ e

L 4

P— ~ -
l'm““ Principal \ &, search in View "04. Por Tipologia® O Indexed ? X
55y Crear \ Search for | Search Search tips b [
Nueva Incidencia
Hueva Inc. Genérica ﬁ | | | |

Baseframe

Electric System

Foundations

Gear box

General

Hidraulic System

Hight-speed shaft & Generator
Noise

Orientation System

Power Curve

/

/

Cases by wind farms components

/
/

[EeRe MOt TON{FOUTETE ConTrol STRLEM™

.

gl Rotor & Low-speed shaft
T —

N

"_———————

4

l@ Imprimir ”; © Acciones Genéricas 'HD Ciclo Incidencia ']
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Information Management

L1
= Rotor & Low-speed shaft
HYG-HYG/12/00001 & % 5L Grietas en Palas LM37.3
S KOR-KOR/12/0000] & ¥ S Fallure onblade beam
B 14/12/2012 09:42:33  Evaluacidén - Antonio Herrera Sierra Assessment:
& 13/12/2012 14:13:05  Identificacion Coordinador - José Angel Diaz Alvarez
& & 13/12/2012 12:43:05  Informe - Antonio Herrera Sierra - Informacion Gamesa - Technical assessment
& 0 10/10/2012 10:45:08 Apertura incidencia - Antonio Herrera Sierra [ . .
- e - First approach of solution

Open Incidence:
- Brief Description
- Attached information and pictures

—— o w)

I Antonio Herrera Sierra Fecha: 14122012 08:42:33

I * Evaluacién:

I G8X blades have developed different failures topology (broken beam, mid radius cracks, peel-off shells and lightning). The scope is analyzed the failure produced and ask technical
r - -l - - - - - - - - - I I S S I S S S EE S - - - .- I information Gamesa in order to detect what's root cause analysis. This incidence can relate to Guadelttaba incidences due to is the EDPR-EU wind farm where maijor blades failures
* Pais: Espafia Departamento: I have been developed.
* Tipo de Instalacion: Wind Power Plant * Instalacion: P.E. Korse / P.E. Korse I I
* Sistema: Wind Turbine Generator * Tipologia: Rotor & Low-speed shaft Posibles Repercusiones Futuras:
(WTG) I | Out guarantee risks

* Fabricante: B .
Fabricante: Gamssa Modelo: G-s0 NN OSSN BN EEEE OSSN SN BEEE  BEEE  BEEE BEEE BEEE GBS GRS GRS G B B B B S S S S . . - .-
Descripcion B

* Titulo: Failure on blade beam

* Descripcion:

ailure has been produced in one blade of AG-3 in Korzse. This failure has occurred in other EDPR wind farms

* Criticidad: % ata " Media  Baja

Alcance de la Incidencia:

This failure is a fabrication problem which can affect to the rest of the wind farm

:'?1;&%4:#:4:#:4:%
|

Field Report WF Korsze AG-3pdf IMG_0209jpg IMG_0913jpg IMG_0916jpg IMG_D218jpg IMG_0921jpg IMG_0930jpg IMG_0934jpg IMG_0944 jpg
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Work Methodology (I)

C ) C )
O&M Engineering
Notification Group
\ ) \ J Houston
Oviedo g’ .«
First Approach Ve O@-

Seville
e Call Conference site and regional manager

’ 4)Co toranceCall '._

* First failure pictures

* Go to site and survey the failure zone

ﬂ renewables
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Work Methodology (ll)

Information Analysis

* Post-process site information

* Download operation information (log book,
Scada data etc.)

¢ Cross information with other stored cases
and WTG manufacturer

Solution Proposal

e Incident report

* Follow-up recommendations

%

Q renewables
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Design Failure — Root cracks

BORDE DE SALIDA
EJE SIMETRIA MAQUINA

EJE DE GIRD DE FALA, 25% DE LA CUERDA Tf?ﬁ}ﬂ

AR A e

Curve S-N Goodma:
fo ‘ ‘ di:gramn
Ac®
20 Jymb

. bo —— | .
logt Fl o Yma @
D =6919 x 107 —= _Nj“*“ >
Alos/ a) ~ 2.67)

T

This stress is influenced by
concentrated factor, which was

higher due to manufacturer

process
renewables
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Design Failure — Root cracks and web delamination

3) Additional Leading Edge & =l |
Trailing Edge Insert Laminates

1) Additional Leading EdV

Overlaminates

5) LE Shear Clips /

2) Additional Trailing Edge
& Overlaminates

[ 4) Shear Web Flange Repair

6) Trailing Edge Crack Repair

Ss

Bad blade design induced that 1
year after operation started
some blades collapse.

All fleet was repaired, EDPR was
close of WTG manufacturer to
define the correct reparation.

1=y

ﬁ renewables
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Design Failure — Edgewise vibration (l)

ﬁ renewables

Blades with dampers
which permit damping the
edgewise vibration.

Visual inspections and
increase of shutdowns
permit detect the problem.
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Design Failure — Edgewise vibration (ll)

Vibration levels are lower with
higher wind speed

Level Vibration Decrement continue
from dampers were repaired in the two

alarm frequencies

*1.17 Hz - 0.45 m/s? First Center
M Average Wind Speed Frequency

—mm/ s(1.17Hz. )
——mm/s (1.6Hz.

(A | \| \
*1.66 Hz — 0.45 m/s? Second

H \
h"ul Iﬁm“il Center Frequency

Retrofit applied has solved the losses due
to WTGs shutdowns

ﬁ renewables
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Manufacturing process — Wrinkles

Wrinkles induced that in the

Compression stress Tension stress in the

pressure shell Y compressed laminated appears
L I micro-buckling which induced a
crack that grow up in all thickness.

in suction shell

Error during lay-up.

Error during curing process.

renewables
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Lightning

o The IEC 61400-24 establishes the annual frequency of lightning flashes
attaching a wind turbine calculated as:

Efficiency=1- N_,, /Nyt > 0,98 for a LPL I according to IEC 61400-24:2010

Noeatai: Number of annual expected lightning flashes in WF

Nyr: Number of wind turbines in the WF Cable reCEPtor
Ng. Number of annual expected lightning flashes

Ns: Number of lightning flashes per year and square Km
N A 4070 Aq: Collection area of the structure »
M NQ 44-Cy 10 Co: Environmental factor '

: — s
\ A ﬁ
= IR 1, ]

”~ T LA 1 &
35S~ T "
ZFm it 2% “

Lightning was not absorbed - Necessity to improved tip zone

by tip receptor. - Introduce upgraded as Diverter Strips

renewables
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Erosion

The tip of a blade travels in 1 week a distance

equivalent to a round to the world. Blade tip linear speed = 250 km/h

24h /7d - 42000 km

Earth perimeter = 40 077 km

Lack of protection against UV

and water.

- De-rated power curve.

200

B2

NI

-100

20

ﬁ renewables
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Summary of blades damages

ROOT
~  LIGHTNING LEADING EDGE CRACKS
DAMAGES DEBONDING -
DELAMINATION
LEADING
EDGE
EROSION

‘

i

A% WEB DEBONDING TRAILING EDGE
DEBONDING -

DELAMINATION

@ renewables

MAIN SPAR
BREAKDOWN

MAIN SPAR
DEBONDING

CAUSES:

*\Wrinkles
eUndulations
*\Waviness
*Bonding defects
*Resin voids
*Dry areas
eDelaminations
*Ply drops
*Buckling
eLightning
*Friction wear
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Main challenges and future scenarios

B Most of blade failures and deteriorations can be repaired and there is a market of ISP
with enough capacity to do it. But in a few occasions (example lightning) damages are so
important that it is not possible to repair and it is needed to replace.... Are there blade
stored anywhere? Is any company interested in sharing stocks of blades?

B Material degradations with temperature, humidity, UV radiation? Is it a certain risk the
physicochemical degradation of the composites in 20-25 years?

F Inindustry in general there is an important tradition manufacturing and repairing
electrical and mechanical devices, so the service market created for wind industry has
the benefit of this knowledge. But it is not the case of blades, where there is not a
tradition. So we are repairing with 1-2 years warranty period, but maybe a potential
failure will require 3-5 years to develop. Certified repairs and companies?

F Introduce new advanced NDT techniques to control manufacture problems. Increase
Q&A measures

collaborative relationship between the blade manufacturer/owner.

It is needed to change the present short term business relationship of
selling/purchasing between WT manufacturer/owner to a long term

ﬂ renewables
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Question?

renewables
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