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Overview

A Wind Conditions, Turbine Taxonomy & Technology

A Basic reliability
A Wind power Cost of Energy, Availability and Reliability

A What we know about wind turbine Availability &
Reliability Onshore & Offshore

A Conclusions
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Wind Conditions
Turbine Taxonomy
& Technology
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Variation of turbine forces, time & spdgeiz
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ReliaWind

Geared Drive Wind Turbine, R80
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Basic Reliability
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The Bathtub Curve eliind
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The Bathtub Curve i
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Root Causes & Failure Modes
Example: Main Shaft Failure

Failure Mode

in Shaft Failure A
Why? [ } How?
Root Cause | - SCADA
An aIyS | S Fracture Deformation

Analysis

| | | |
. . . Low Cycle Fatigue or - C M
High Cycle Fatigue Corrosion Misalignment
Overload

& Diagnosis

Root Causes
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Wind Power Cost of Energy,
Capacity Factor and Availability
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Availability, Operational

“Operability
100%
MTBF
< >
Logistic Delay
MTBM lime
< P G G
0% MTTR ‘
Time
AR
W Durham

University 14 of 35

School of Engineering
and Computing Sciences



Avallability & Reliability oid

A Mean Time To Failure, MTTF

A Mean Time to Repair, or downtime MTTR

A Mean Time Between Failures,
MTBFaMTTF
MTBFaAaMTTF+MTTREA ! m
MTBF=MTTF+MTTR+LogisticDelay Time

A Failure rate/ / = 1/MTBF

A Repair ratem mEl/MTTR
A Inherent Availability,

A=(MTBF-MTTR)/MTBF=1-( / / m)
A Operational or Technical Availability,

A=MTTF/MTBF <1-( [/ / m)
A Typical UK values
I Operational Availability 97%,

- I Inherent Availability  98%
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Capacity Factor i

A Energy generated in a year= C x Turbine rating x 8760
A Capacity FactorC

A 8760 number of hours in a year

A Therefore:

A C=Energy generated in a year/ Turbine rating x 8760
A Cincorporates the Availabilityd, and therefore the

MTBF, 1//
A Typical UK values
I OnshoreC 27.3%
I Early offshoreC 29.5%
A Typical EU values
AR | Offshore, C 35%
W Durham
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Cost of EnergyCOE

A COE, £/kWh=

(ICCXxFCR + O&M)/AEP
i ICC=lInitial Capital Cost, £
I FCR=Fixed Charge Rate, interest, %
I O&M=Annual Cost of Operations & Maintenance, £
I AEP=Annualised Energy Production, kWh
A COE, £/kWh =

(ICCXxFCR + O&M(1//, I/IMTTR))/AEP(A(Y/, 1/MTTR)}
A Reduce failure raté ,Reliability MTBF 1// improve and AvailabilityA
improve, O&M cost reduces;
A Reduce Downtime MTTR, Availabilitp improve, O&M cost reduces;

A ThereforeCOE, reduces
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Reli\a-lll@d*
Impact of the Reliability oiCOE
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What we know about wind turbine
Reliability
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Sources of Fallure Data

A Eurowin data

A EPRI data from California

A Windstats data from Germany and Denmark

A LWK data from Germany

A WMEP data from Germany

A Data from UK Round 1 offshore wind farms

A Data now coming from RELIAWIND WP 1, see later
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Trend In Turbine Failure Rate S
with time
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Reliability & Downtime & elaWing
Subassemblies, EU

Failure/turbine/year and Downtime from 2 Large Surveys of European WindTurbines over 13 years

\ \ \ \ \ \ \
Electrical System # I OLWK Failure Rate, approx 5800 Turbine Years
Electrical Control #‘ BWMEP Failure Rate, approx 15400 Turbine Years
Other \—’_ OLWK Downtime, approx 5800 Turbine Years
Hydraulic System *— ®WMEP Downtime, approx 15400 Turbine Years
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Rellablllty & Weather’ WS DK ReliaWin
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Figure 3 - Average monthly Failure Rate and WEI for each of the 12 months over the Survey period
1994-2004’
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Reliability & Time, LWK e

LWK, E66, converter

1.0

0.6
actual elapsed time: 9 years

demonstrated reliability

0.4

-

industrial range

failure intensity [failures / year]
0.2

0.0

0 20 40 60 80 100

AR total test time [turbines * year]
Durham
" University 250f 35

School of Engineering
and Computing Sciences



Reliability & Time, LWK RelWing
Generators

LWK, E40, generator LWK, E66, generator
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Figure 4.4: Variation between the failure rates of generator subassemblies, in the LWK
population of German WTSs, using the PLP model.
The upper two are low speed direct drive generators while the lower two are high speed
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Reliability & Time, LWK

Gearboxes
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Figure 4.5: Variation between the failure rates of gearbox subassemblies, using the

PLP model, in the LWK population of German WTs.
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Reliability & Time, LWK RelWing
Electronics

LWK, E40, electronics LWK, E66, electronics
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Figure 4.6: Variation between the failure rates of electronics subassemblies, or converter,
using the PLP model, in the LWK population of German WTs.
<] | The upper two are I_ow speed _dirt_act driv_e generators with fully r_ated converters while the lower
"Durham two are high speed indirect drive generators with partially rated converters.
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RCW

Reliability of Power Electronics
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Failure root cause distribution for power electronics
from E Wolfgang, 2007
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Onshore Avallability & Wind speed, World ReliaWin

B System Availabilty averaged over all wind farms

— Cumulative % ofenergy delivered (annual mean wind speed =8 m/s)

Cumulative % oftime (annual mean wind speed = 8 m/s)

100% s 100%
99% oo, 40%
energy
98% - - 80%  produced
97% - 7 / | 00, At wind
’—‘ v >speeds
P —]

 Z

F
= C
z 96% 1 L60% 3>11m/s
; / ‘ g
‘m 95% - - 50% ®
z 2
E R
[ 04% - - 40% E
"':l S
i ]
93% - - 30%
929% - - 20%
919 - ‘ E 10%
90% ‘ - 0%
5 G 7 8 o] 10 11 12 13 14 15 16 17 18 19 20

Wind Speed [m/s] S

"“3=D h 3‘
urnam
University 300of

School of Engineering GAR.RAD
and Computing Sciences H AS S AN




Monthly Availability (Percentage)

Offshore Avallability & Wind speed, UK ReliaWing
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