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Introduction

Motivation
Starting Point: Modern wind turbines achieve high availability

Number of faults cause unplanned downtimes = high maintenance efforts and costs

Offshore: drop of availability expected
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Introduction

Maintenance strategies
It can be distinguished between reactive and preventive maintenance

strategies.
Within the break down maintenance strategy the system will be operated

until a major failure of a component will result in a shut down
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Introduction
Maintenance strategies

Preventive maintenance strategies try to react before a failure occurs

With the cyclic maintenance strategy components of the wind turbine will
be inspected and maintained cyclically, e. g. on semi annual intervals
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Introduction
Maintenance strategies
The condition based maintenance strategy tries to find the optimum

point in time for carrying out the required maintenance actions by
monitoring the current state of a specific component
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Introduction
Maintenance strategies
The reliability based maintenance tries to find the right time for

maintenance measures through analysing a broad database filled
with experiences from the past
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Introduction
Maintenance organisation

B Lacking of a closed maintenance loop

Planning - condition based

* reliability based

* improvement
* consolidation
* interval opt.

* responsibility

Analysis Maintenance

+ MTBF, MTTR
» weak points

* expenses

« life cycle cost

Archiving

* core data (RDS-PP)
* in-service data
» event data (EMS)

\

Accurate, detailed documentation
Consistent naming of components
Unified description of irregularities and activities

Use of operating
experiences
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Failure Database — WMEP
Past

Scientific Measurement and Evaluation Program (,,250 MW Wind” (1989-2006))

193.000 monthly operation reports
and  64.000

Incident reports
from

1.500 wind turbines
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Failure Database

Electrical System
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Failure Database: WMEP

Share of failures
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Failure Database — WMEP
Past
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Failure Database — Other sources

Past
WMEP LWK WIND- WIND- | VTT ELFORSK
STATS STATS
Country Ger Ger Ger Dk Fin Swe
Time span 1989 - 1993 - 1995 - 1994 - | 2000 - 1997 -
2006 2006 2004 2003 2004 2004
Number of turbines 1468 241 4285 904 92 723
Years of experience ~15.000 | 5.719 27.700 | 18.700 356 4.378
Average failure rate 2,4 1,9 1,8 0,7 1,5 0,9
[failures/turbine/year]
over whole survey period
Annual downtime 156 27 93 - 237 58
[hours/turbine/year]
over whole survey period
Hiah fail Control Hydraulic
ighest failure rate CM‘* m %
Longest downtime per Gearbox Gearbox Gearbox - Gearbox
. aw-Syst.
failure M M - m Gearbox
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Failure Database — Appropriate failure statistics
Past

W For differential analysis distinctions regarding size, technical concepts, site
conditions, etc. must be made
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Interim Conclusions

B Potential for reliability improvement and for reducing maintenance
effort exists

B Data collections from the past show similar results but are not able to
consolidate

B Common database needed due to parameter diversity

m Different concepts are necessary

Overall data structure
Standards and definitions

Accessibility of information
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Failure Database — EVW (Increasing availability of WTs)
Present
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= Task: Knowledge
management and maintenance
optimization as methodical
base for increasing the
availability of wind power
plants

o Common data base
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Failure Database — EVW (Increasing availability of WTs)
Present

M Developing a test and
demonstration system

M Preparing recommended
practices for reliability based
maintenance Manstacturer

M Technical guidelines /
standards (Federation of
German Windpower)

maintenarce
nisation
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Failure Database — Offshore~WMEP
Future

= The project is a follow-up
project to the onshore
wind energy monitoring
program ‘Scientific
Measurement and
Evaluation Program’
(WMEP) and accompanies
the offshore wind energy
deployment in Germany

® Funded by the German
Federal Ministry for the
Environment, Nature
Conservation and Nuclear
Safety

1ZP

Orifehome wind Industry
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Failure Database — Offshore~WMEP

Future — General monitoring

m Core issues
w  Site-specific offshore conditions
“ Installation
“ Energy output
“ Reliability
@ Availability
®  Facility concepts
" Operation and maintenance concepts

“ Investment and operating costs
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Failure Database — Offshore~WMEP
Future — Participant specific analyses
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Present

Increasing
Breadth 4

Portion of National Fleet

NERC = North American Electric Reliability Corporation
GADS = Generating Availability Data System
CREW = Continuous Reliability Enhancement for Wind

Gearbox Reliability Database (NREL)
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wind farm

*No documentation (tribal
knowledge)

*“I've got my work orders
up here” <taps head>

+Paper work orders
+Scanning or typing
paper forms

*CMMS with true
electronic work orders

Failure Data

*Not captured from
SCADA

+Data captured; large
amounts of time
unaccounted (10-15%)

*SCADA data reviewed,
and errors addressed

Data
Infrastructure

*Flattext files
*FTP sites

+Data transfer processes
+SCADA & Work Orders
disconnected

*SCADA, CMMS, data
historian linked

+*SCADA “events” drive
work orders

Manual collect
Hard copy
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Data historian
Automated
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Final Conclusions

B Potential for reliability improvement and for reducing maintenance
effort exists

B Data collections from the past show similar results but are not able to
consolidate

Common database needed due to parameter diversity

Different concepts are necessary

Overall data structure
Standards and definitions

Accessibility of information
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Final Conclusions

Several groups and projects dealing with the topic of establishing failure
database to improve reliability of wind turbines

Harmonization is needed = focus on structuring the format for data
collection, setting up procedures for analyses and reporting, and
developing a central database that can be accessed by industrial and
scientific parties, keeping in mind the confidentiality aspects.
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Conclusion/Outlook

® Fraunhofer IWES has great experience with reliability databases due to
the WMEP and builds up a more sophisticated database within the

project EVW

B The Offhore~WMEP establishes a common database to monitor the
offshore deployment and support offshore operators

B TASK 11 IEA Wind:

BASE TECHNOLOGY INFORMATION EXCHANGE
Topical Expert Meeting #65 (March 30-31, 2011) on iea wind

“INTERNATIONAL STATISTICAL ANALYSIS ON WIND TURBINE FAILURES”
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Discussion paper for
launching an IEA-Task
“Wind Turbine Failure Statistics”

i

Farnyii

VATTENFALL e

Z Fraunhofer

IWES



SIMI

iajoyunei m SIMI Jojoyunels @

/9558 61 LYE 65 1035DIUOY
SImil Abojouyra; waysAs Abioug

pue Abiou3 puim 104 apnyiasul 1ojoyunel

uorjelsadp plip pue Awouosr3 Abiou3 uoisinig axy
salbaje.)s acueuajuiey ¥ Ayiqelsy

opaajoyunel] seMi@bulpA[ddaiiy
buipA7 ddljiyd “buj-im--1dia SIMI

i9joyune.i W

uonuI e INOA
104 noA yuey | |




