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Garrad Hassan Around the World

 Foundedin 1984 in UK
* Now have offices worldwide
* Local understanding informs global perspective
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Sod Introduction to Reliawind




Summary of Reliawind
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*EC funded R&D project *10 organisations involved
«€7.7M total funding 3 years
«€5.5M EC funding

Aims:
*Improve general understanding of wind turbine and farm reliability
*Develop reliability models specific to wind turbines

*Increase MTBF *Increase availability
*Decrease MTTR *Decrease CoE

Important Onshore =—> Critical Offshore
A A
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Summary of Reliawind

Main proj ages:
(1. Field data reliability analysis
2. Design Tor refniapinty
3. Algorithms for condition monitoring
4. Proof of concept
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Distribution of annual availability
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Database:
» Over 250 wind farms worldwide -+ Over 1000 wind farm operating years
 All major manufacturers » Operating from 1 to 15 years g %

Source GH, presented at EWEC 2008



GARRAD
HASSAN

Courtesy of Durham University

Previous Work — Reliability

Failure Rate
[ failures / turbine X year ]



gesg Previous Work

GARRAD
HASSAN

* Previous availability work limited to high level availability
and fault information

* Previous reliability work limited by quality of data

* Need better quality data to get better results...

Reliawind Field Study
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Reliawind Field Study Methods
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S8 Data Available from a Wind Farm

AR

* 10 minute average turbine and substation SCADA
databases

* Fault logs per turbine and substation
 Manual records
 Work orders

* Monthly operational reports compiled by the operator
and or manufacturer

0
Bl 0113008 01
atatacs a1

2 Operational Problems

4
1
e . . :
s 21 During the month the following faults were reported by the site supervisor.
ne
a0
o =
D i
E b4 QARZI0T - 104310 | D&052007- 113028 | 004714 | 1001 | Mervwetms Ful e tesis & rpeciicns
2 o Jaceonr - onsr | vesioor s a1y | 5256 | 1061 | Memsi 1t A e
E TR 7 oy et Slans e L W v | 280800707060 | 2w0sno0T 125000 | 82220 | 1007 | Merusistu 1ot A s
781535 301 Fosding faut Mains contactor inverter 1 of 17 000018 . T
B 781635 5 Mains faiue mofiage L2 131 000010 DaEEINT 115754 | lANzo0r 124047 | D3sen e st Fal amest s & peers
" e 8l rn e T — 25 0010 [Ny s | ows0r oot | 31z | 01 | s s mype el | s st
78163 508 Overtemperature emoswich hearsink im 3 81 ogone (SNBENOT-D7ANG SO0 075308 LODORE) | 1001 | Marcels T
81635 15 Mains falure Cremotage 2 39 000011 N NNl G T T AEETE T
78163 301 Fesdng Hains contacormorar 1 o 4 ovooz0 | [ 27RO DG | oveROnT- 1536 | B34z | foor | Mnoal st e A e
781635 1 ains e Orerotiage 7 00002 | 2RGamuer-wood1 | dmusiew1izsan | Leaieh Nercal stz
781635 318 Feeding fault IMains contactor several inv.off 72 000016 |
e ORence kol P owiched o 0 000 oo e | oo e | mores | oo | v s remmrives
To16% 0 Remots conol PG swiched on Ll B e -
781635 15 ais e Ovemotage 2 55 00002 .
T Ciriza007 03 2 s e Oramalose L3 52 0000g | DS0NZDNT- 130180 | DaDAOOT- 122040 | 00255 | 1001 | Marwalsim Tul e isia 8 bepscies | WA | A A
Ta1635 15 bais e Overmotage L2 o oveozs | 1SoAON-mntedr | isoaennr-vzozs | 001158 | 001 | Nerwelsm D nepeeions [T 7}
o635 0 uainenance 0 0352 Fiocs <
T D e T T T T 2 Goas | 2moscwrmesu | s ez | s | e | mmer e a et wa | wa i
To16% 1 s e Oremotoge L2 33 0o 1 1
781635 519 Fesdng fau Wains comacorseerl . of 5 wnw samoon - vavwey | 0z | e | e Fat e e s psees s | e s
781635 tains e olzge L2 05 o002 e | oo oo | v s e repeton [y i
781635 519 Fesdng o Wais conacorseveral . of s w0t e —
Ty 8/Hais ke . 23w Coaveaw n TE0LE | D0ean | T | Merwsises e TP T Y )
o183 15 Hais e Oratage 2 s ovoozs | Lmocamer B A MR T B N Damecr negacion: TN T )
781535 0 Maintenance 87 00312 I
781635 1 Ramotscontrol PG siiched o ¢ oot R 1hnUE | Ui 13etee | WUaab | 100 | wercusm Fab e s rpeters | W | WA it
781635 0 Maintenance 303 081634 506N - S 1T | 1502007031001 | 001358 | 1007 | Mencaiamp Damger nepactons I wa [
o635 0 Remcte conml PG sched on IR
s Dlsitennce — 28 mux e T Wi T S W ¥ e Y e S T T o
o183 1 Mains fllra Ouamotage 2 0 wwa =P T R e Datvi o TN Nt
81635 e Overotage L2 182 000025] FAL -
\ErrorCodeTable {10 mnute Avg /[ Shest3. Ll 1 il
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PITCH SYSTEM

Turbine taxonomy
A common approach to
describe wind turbines
from different
manufacturers —

BLADE BEARINGS

HUB COVER

MECHANICAL BRAKE

TABLE 1 EVENTS

Database

A common method to
: store downtime events
e O R | S [ [N [ [ and their origin

Time to Repair TTR (hours)
Actual Repair Time ART (hours)

Date & Time of Event
Sub-System

Assembly
Sub-Assembly

Failure Mode

Root Cause

Additional information

Part

+| Maintenance Category
«| Severity Category

»| Wind Farm
~| Turbine ID

Z
B

z
-
z
-
Z
=
=4
-
=4
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TABLE 2 FAILURE RATES TABLE 4 WIND FARM CONFIGURATION
Wind | Turbine Sub-
[ | Farm System - =
A 1 Drrve Tran | Gearbox = ? = T 8 = ‘ E ‘ g: §f
A 1 Power Generator | 2 s |5 =& g. | & = s =
o =]
A L ® TABLE 5 ADDITIONAL TURBINE INFORMATION E E
TABLE 3 DOWNTIME éu 8
Wind Month | Energy Generated Revolutions OfFh A
Wind | Turbine | Subt | Farm (GW.h) ftshor
Farni - 5 e
. — A 2008-01 50 1,544 % 10 o | ombor B
A 1 Power A 2008-02 70 2422 x 107 | Exposed
A 1 Rotor
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Reliawind Initial Results
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ReliaWin

Data sources:

Manufacturers — Consortium members

Results — The Story so Far

Owners & Operators — Users’ Working Group

Data added so far:

290 turbines
240 wind-farm months
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ReliaWind Results — Downtime
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Failure Rate [failures / turbine / year]

Hours Lost [hrs / Turbine / Year]
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ReliaWin Concluding Remarks

Reliawind addresses the need for a quantitative
measurement and understanding of turbine reliability

« Common standards defined — turbine taxonomy and
data structure

« Database populated with data from 290 turbines

« Database growing!
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ReaWing Thank You

michael.wilkinson@garradhassan.com
www.reliawind.eu
www.garradhassan.com/services/amos




