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SUPERGEN Summa ry

' WIND I

= This research addresses issues of
raising offshore wind farm Availability
and lowering Cost of Energy

 What are we monitoring

» What reliability and availability are we
getting

» What is it going to be like offshore

A0
9P Durham
University



m SCADA & Condition
" | Monitoring in Context

Condition

Monitoring,

CM,

" <35Hz
Continuous

Diagnosis, \
10 kHz
Not continuous

ructural Health

Momtorlng
SHM, \_

<5H -

Not C ntlnubus

|

SCADA, < 0.001 Hz 28
"Durham

Continuous signals and alarms University

Shml fl-g g

nd Computi gSc es



@ | SCADA & Condition

SUPERGEN

| Monitoring in Context

Conventional rotating machine
condition monitoring
accelerometers, proximeters

article in oil 1
Electrical system ® /
A N _
. \ %

Blade and
pitch monitoring

monitoring

Wind Turbines of >2 MW
have > 400 Input/Output
Signals per turbine.

__ Origin is the Wind Turbine

Wind Turbine Controller
Controller ‘
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LWK average failure rate: period 1993-2004
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G\ Reliability & Subassemblies

SUPERGEN

*> | Onshore, EU

Failure Rate and Downtime from 2 Large Surveys of onshore European Wind Turbines over 13 years

Electrical System OLWK Failure Rate, approx 5800 Turbine
Years

Electrical Control BWMEP Failure Rate, approx 15400 Turbine
Years

Other h OLWK Downtime, approx 5800 Turbine Years
Hydraulic System | ' ] .\\/(\:al\;rEsP Downtime, approx 15400 Turbine

Yaw System

Rotor Hub '
Mechanical Brake

Rotor Blades

Gearbox '
Generator
Drive Train [ — |
1 0.75 0.5 0.25 0 2 4 6 8 10 12
Annual failure frequency Downtime per failure (days) Al
. 0 RIPAPUP . P
Overall availability 97%, WT A, —.1 3 failures/turbine/year W Durham
75% of faults cause 5% of downtime University

School of Engineering
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ReliaWind

*~ 35,000 Downtime Events

*~ 1400 Turbine Years
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Power module
sub-system
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*~ Turbines 1-6 years old, all large & pitch-regulated
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Downtime & Subassembliem
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@m\ What were the failure criteria?

WIND

= Mean Time To Failure MTTF

= Mean Time to Repair, or downtime MTTR

= Mean Time Between Failures MTBF

= WMEP & LWK failure MTTR > 24hr

= ReliaWind failure MTTR > 1hr

= Failure rate, A A=1/MTBF

= Repair rate, u u=1/MTTR

= Availability A = (MTBF-MTTR)/MTBF
. = 1-(A/u)

= |f A=97% in both cases A depends on u, whichis 1/24 or 1/1
= Therefore A,=1-3 failures/turbine/yr, 1,=24-72 failures/turbwl\{ﬁam



(6\ Summary of ReliaWind WP1 Data:
S

UPERGEN Critical Subassemblies

I

Sub-system / Total Medium
Assembly Failure | Time Lost

Rate % %
Pitch System 16% 20% @
Frequency Converter 12% 13% )
Yaw System 12% 10% O

Control System 14% 9%

Generator Assembly 6% 11%

Gearbox Assembly 5% 4%
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ReliaWind
W =

Summary of ReliaWind WP1 & WP2:
SUPERGEN Critical Subassemblies & Failure Modes

Sub-system / Assembly | Failure Mode 1 | Failure Mode 2 | Failure Mode 3 | Failure Mode | Failure Mode
4 5

Electrical . . . Temperature or
. . . Pitch Motor Pitch Bearing .
(5 out of 13) Battery Failure Pitch Motor Failure Converter Failure Failure Hl{mldlty Sensor
Failure
Pitch System . - I
Hydraulic Internal leakage of Internal leakage of Hydraulic cylinder Position sensor Pressure contro
(5 out of 5) . . degraded or no valve sensor
proportional valve solenoid valve leakage . .
signal degraded signal
Frequency Converter Ge.ner.a tor-side or Loss of Generator . Converter Cooling  Control Board
Grid-side Inverter . Crowbar Failure . .
(5 out of 18) . Speed Signal Failure Failure
Failure
Yaw gearbox & Degraded wind Degraded guiding Degraded Brake operation
Yaw System pinion lubrication direction signal element function hydraulic cylinder valve does not
(5 out of 5) out of specification function operate
| Temperature PLC analogue input PLC analogue PLC digital input PLCIn Line
Control System sensor modules malfunction output malfunction malfunction Controller
(5 out of 5) malfunction malfunction
Generator Assembly
(5 out of 11)
Gearbox Assembly Planetary Gear High Speed Shaft Intermediate Shaft  Planetary Bearing ;;:tr::tlon im
. . . . . . y
(5 out of 5) Failure Bearing Failure Bearing Failure Failure Malfunction e

g Sciences



6 Alarm KPlIs for 4 Wind Farms

SUPERGEN

WIND |

Total WT Numbers

Wind Farm 1

Wind Farm 2

Wind Farm 3

Wind Farm 4

ReliaWind

Ave. Alarm Rate Per 10 min 11 10 10
Max. Alarm Rate per 10 min 636 - 439 541
0 24% 19% 20% 7%
1-10 47% 50% 48% 34%
Percentage of
Time Alarm Rates ), ., 27% 30% 31% -
are within these
ranges
>51 2% 1% 1% 5%
In Total 100% 100% 100% 100%
-] |
30-35 WTs per Wind farms with each WT having 2-300 1/0 W Dyrham

9000 I/O per Wind Farm
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ReliaWin

Alarm System Performance Levels
SUPERGEN |

‘ WIND I

Reactive Alarms

Stable Alarms
= Matrix for Alarm System Recommended

Performance Evaluation*

— Reactive: peak alarm rate during
upset is unmanageable and alarm 1000
system will continue to present an
unhelpful distraction to the ﬁ
: c 100
operator for long period EE o
< 346
— Stable: alarms have been well 'i;‘;i Stable
defined for normal operation, but ~ §% ™ .
the system is less useful during < abs
plant upset 1
Target
Performance
10 100 1000 10000
Maximum Alarm Rate n
Per 10 min '

* Alarm systems, a guide to design, management and procurement No. 191 Engineering Equipment and mm]nr.Azngi.;-(_.,;;ng
Materials Users Association 1999 ISBN 0 8593 1076 0 Gl i
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Monthly capacity factor against wind speed for the offshore wind farms

Monthly capacity factor: %
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Offshore Avalilability &
Wind Speed, UK

SUPERGEN

Figure 12. Mo

Figure 14. Mo
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é Onshore Availablility &
Wind Speed, World

SUPERGEN
‘ WIND
== System Availabilty averaged over all wind farms
— Cumulative % ofenergy delivered (annual meanwind speed =8 m/s)
Cumulative % oftime (annual mean wind speed = 8 m/s)
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The Problem:
SUPERGEN. Offshore Rounds 2 & 3

WIND I

Wind Farms of 100-500 WTs
400 1/O per WT
20000 WT I/O per Wind Farm

Excluding substation, cables &
connection

Total Wind Farm 1/O > 30000

Onshore 75% of faults cause 5 % of
downtime

Offshore this 75% of small faults will
be critical

Because they will consume O&M
time & money
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supercen | |A WInd Farm Knowledge Management System

WIND

‘ \ The Solution:
,

Integrated SCADA & CMS

Different views

COﬂtrO”ed COﬂCentratlon Of W'nd Maintainers | Manufacturers Owners/ —oel %IEESEi.ZZii:ifgioview

Operators Operators sorts of the data but not all of
Farm I/O S —— the data
Energy Maintenance q Dat . .
A State & Opferatlonal o? aanisation Self Organising Map Patterns
Y H & Revenue Condition FEALlUELES & g i
ClaSSIflcaUOn Of f&UltS per WT L) rovision Semi Supervising Learning ¥ Models
Maintainin
Fasstto?sta SI%\/tvoll?;ta Na Ia In:cgures Support Vector Machine  Vector Models
Automatic Alarm Handlin
g Data Warehouse Data Hierarchies | SVM deep structure DS Vector Models
X
data analysis methods dataanalysis outcomes
I f ; | Wind Power Station DERMS (e O
Clear GUI for Operational Managers 300 und s —
. at one power ata |J— simple
SCADA tation; f i
showing key faults Wit At SCADA, 60K Checks
CMs  [#2 N inputs/outputs per sariiiel maintenance
e zf N < 10 m'"“;gz;lggﬂj services % 2
i J s A iisecond g5 !
Clear GUI for Maintenance Managers ds' fis PAY ™M | oA Supervised | maintenance | | & 8 S
I v - k f It S Control & Data SEWIEES tests/
v Acquisition LEDS
C aSSIfyIng ey au S CMS: Condition planning
Maintaining System services \/
; i i service based applications
Drill down from GUI for Maintainers PP

to diagnose and prognose faults

Lengthen the prognostic horizon AR
P Durham
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g?:\ What issue does this research

N,

¥ g |address?

= Lack of clarity in SCADA and CMS data

* Problem of data overioad

= Importance of eliminating this problem
offshore
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@  Impact of this research on

SUPERGEN

" | the Wind Industry

= Serious but solvable issue for Offshore
Wind Farm O&M

= Clear measured failure rate and
downtime results to benchmark future
developments

= Clear methods that could be
applied

= Clear structure for the future
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