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WIND

To 1dentify current wind turbine reliability and condition
monitoring 1Ssues

To describe the work being done by Supergen Wind to address
these 1ssues

To 1dentify how 1ssues can be resolved
Introduction to Reliability and application to Wind Turbines
Identification of primary Failure Modes

Experience from real Wind Turbine Blade Structural
Monitoring

Experience from real Wind Turbine Condition Monitoring
Experience from Test Rig Condition Monitoring & Diagnosis
Conclusions
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» Failure data taken from 2 Surveys:
— Windstats in Germany and Denmark
— LWK in Schleswig Holstein, Germany
e Data averaged over about 10 years

e Data taken from 3 populations of between 300 and 4000
turbines

e Failure rates collected for 10-14 subassemblies in each
turbine

e Distribution of failures shows the subassemblies with the
most significant failure modes

 LWK data also allows comparative analysis between wind
turbine concepts of the downtime



== Trend 1n Turbine Failure Rates
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Reliability & Subassemblies
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WIND Surveys failure rate comparison : period 1993-2004
0.40
035 mWsSD
) (1291-4285 WTs)
0.30 mLWKD
(158643 WTs)
025 - COWsS DK
(851-2345 WTs)
0.20 -

0.15

0.10

0.05

Failure Rate
[ failures turbine subassembly' year™” ]

(Al N ndall

0.00 - —
7] = [ - = o
© 2 S 2 3 s
- - -la = - = w =
i © g hd = g g o 0
[ - —

i f o g = o S E f=
‘ o L 2 = < @ E
. E = £
B = o

2 o
[

Drive Train

20
W Durham
University

School of Engineering



Reliability & Downtime EU

\

SUPERGEN |
WIND

@g ]
/
i

European Survey Downtime per Subassembly per Turbine per Year
comparison :
period 1993-2004, 158-643 turbines 300-1800 kW
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Reliability & Downtime US

USA Wind Farm, Downtime per Subassembly per Turbine per Year :
period 2004-7, 160 1000 kW turbines
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USA Wind Farm, Cost of Spare per Subassembly per Turbine per Year :
period 2004-7, 160 1000 kW turbines
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— Downtime due to Gearbox Failure

Downtime caused by Failures (hrs)

The main causes of gearbox gear & bearing

failure:

* Misalignment of components
— System deformations;

— Dynamic loads

— Poor bearing selection

— Lubrication issues




MY 0081 ‘0051
993 uodJdaug

MY 0051
SG'L ML ay2eL

MY 0001
FSIMINL shuog-uy

Large, Group Il

1|I|||I“||t

MM 0001 ‘008 /
SN ‘ZSN XapJoN

A 099
LA SeIsap

MY 009
PPA SeIsap

MY 009
009MLL 82l

MM 00§
BEN SEJSAA

Medium, Group Il

Wind Turbine Types

Reliability & Size

MM 005
0p3 uodJaug

LWK average failure rate : period 1993-2004

00E MY
00€ YuejpJoN

MX 052
OESIN UC3IN

MY s22
1ZA seisap

Small, Group |

T T
= o = s
=

[ — —

)

=
2]

[,.1eak | auiqin) sainjrey ]
ajey ainjed

4.0
34
0.0 4

o
o

SUPFRGEN

University
School of Engineering

P Durham

Al



Failure Rate

Qsﬁf

Reliability & Concept

SUPERGEN )
‘ WIND
LWHK data model comparison (300kW turbines): period 1993-2004
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Reliability & Concept

data model comparison (600kW turbines): period 1994-2004
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LWK data model comparison (1MW turbines): period 1998-2004
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Reliability & Concept

LWK data model comparison (300kW turbines): period 1993-2004
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—Key Geared Wind Turbine Subassemblies
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Key Direct Drive Wind Turbine
Subassemblies
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LWK, E66, converter
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LWK, E40, generator

LWK, E66, generator
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Figure 4.5: Variation between the failure rates of gearbox subassembilies, using the
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Availability, Capacity Factor & Wind Speed Onshore & Offshore
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Availability, Capacity Factor & Wind Speed Onshore & Offshore
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SURERE Conclusions

Onshore A 1s > 1 failure/year/turbine

Offshore A should be < 0.5 failure/year/turbine

“Other” and “Grid & Electrical System” show
highest failure rates

Otherwise loss of reliability 1s concentrated
mainly 1n the Drive Train particularly the
electrical parts

Theretfore concentrate on Drive Train and
electrical parts

28
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- Turbine Manufacturers
— Turbine concepts do make a difference

— Identify less reliable components during turbine
design

— Concentrate on Drive Train and electrical parts
— Tool to use — Failure Modes & Effects Analysis

e Turbine Operators

- er'v w

— Improve Operation & Maintenance strategies to
concentrate maintenance and replacement on weak
subassemblies

— Improve condition monitoring of turbines through
SCADA 29
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Signal numbers monitored per wind turbine > 30
There are >2000 large turbines currently installed in UK
Remote monitoring of these turbines 1s excellent

Monitoring done by SCADA designed to measure turbine
energy production and downtime at 5-10 min intervals

Therefore 60000 data items are currently generated
monitoring UK wind turbines every 10 mins

Most SCADA signals are associated with condition rather
than production and downtime

Operators are currently overwhelmed by the quantity of
data being produced

31
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SCADA &
Condition
Monitoring in
Context

Condition
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SCADA, <0.001 Hz
Continuous
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GH Remote Interface Unit:

e Collects, processes and queues data
from tubine controller

e Interfaces with other local equipment
(serial, ethernet, USB)

Site network

Context

GH SCADA Server

Local Client

For Operators
ignal processing,

Condition monitoring algorithms,
then display on DA

Diagnostics

Signal processing,

Diagnosis algorithms,
Simplification

Storage,

then transmission via SCADA

GH SCADA Server:

internet

Long term data storage
Web based user interface
Alerts

Reporting functions

Condition Monitoring KO
For Maintainers Remote Client

Signal processing,
Condition monitoring algorithms,
and display on laptop in the field

Remote Client
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(@ Condition Monitoring in
S”&F&SE’“\) Context

Conventional rotating machine
condition monitoripg

accelerometers, proximgters Blade &
Electrical System article inoil ' pitch monitoring
monitoring e —
P /
2 (%) | @ Y
\ "“\ / -
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 Issues for condition monitoring

SCADA- slow data rate, 1/10 min = 0.001 Hz
Power signal- medium data rate, 30-32 Hz
Vibration and Current signals- high data rate, >10 kHz

When monitoring real Turbines you can only develop techniques
after machines experience real faults

If you monitor Test Rigs you can apply faults and develop
techniques

e Following work shows:

Very slow rate data from real Wind Turbine blades
Slow & medium rate data from real Wind Turbines from
CONMOW Project and others

* Nordex Turbines, Sites X & Y

* GE Turbines, Site Z

e Vestas V27 Turbines, Site W

— Fast rate data from two Test Rigs 35
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Slow Data Rate from SCADA
from 10-min
from real Wind Turbines
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Increasing pitch control
gain with time
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Generator Bearing Temp Rise:
| One Month
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Gearbox Oil Temp Rise:
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Gearbox Oil Temp Rise:
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Medium Data Rate 30-35 Hz
from real Wind Turbines
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Fourier transform or Wavelet analysis

Trend fault frequency components

CONMOW project has twice detected
generator misalignment or bearing problems

18t resulted 1n a bearing failure

2nd showed some indication in temperature
and vibration analysis

43



Speed variation

dB Scale

Power:

P

Evidence of frequency content
in speed and power spectra in the literature
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GE turbine at Site Z
(@;f - Measured: Daily 2s comp in power spectrum

) e ,
StWis ' Fault: Generator misaligned, bearing change
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Figure 2. Vibration signals due to failure modes extracted from power data using Morlet wavelet transform
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GE turbine at Site Z
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Nordex T8 at Site X
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Fast Data Rate >10kHz
from Test Rigs
Diagnosis
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& Condition Monitoring Tes

t Rig
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e Measurements have been made on 2 Test Rigs

Generator Test Rig at Manchester
Drive Train Test Rig at Durham

» Purpose is to 1dentify causal links between real root causes,
failure modes and measurable signals

e Thereby to develop:

Signal processing to enable these faults to be detected under all
conditions including wind driving

Diagnose the causes of faults
Dynamic Models to simulate the effects of real faults in a turbine

Compare the responses of Test Rigs and Models with the signals
from real Wind Turbines faults, and vice versa

Thereby gain Operator confidence in proposed condition
monitoring methods

Develop a successful condition monitoring system architecture for
wind turbines
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ﬂ,;/ Real Wind Turbine Results
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Drive Train Test Rig
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Drive Train Test Rig
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Drive Train Test Rig
€ | Measured: Torque at Varying Load
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| Drive Train Test Rig
(o | Measured: Shaft Displacement
"wis " Fault: Rotor Mass Unbalance
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N Wind Turbine
& Grio Generator Test Rig
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Very Slow Data Rate
Structural Health Monitoring
from Real Turbine Blades



@ Can we condition monitor
S

UPERGEN |

SRS operational blades?

* Transfer Non Destructive Testing (NDT) methods
from laboratory blade (certification) tests:

— Strain gauges (including optical fibres)

— Thermoelastic Stress Analysis (useful at low loads,
design validation)

— Infra Red Thermography (useful at elevated loads,
identify damaged areas)

— Acoustic Emission Testing (proof test, damage
location, possible extension to CM)
* Develop new approaches:
— Vibration monitoring (blades, nacelle, tower)
— Power signal analysis and feature extraction
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Thermoelastic Stress Analysis
— 98% of blade life

Q“ E?}
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— Acoustic Emission Testing
@ AEGIS static blade test procedure
SupERGEN |
TWO part test: _  AEGIS static test procedure
* Mandatory certification e e
loading to Maximum Test | i
Load (MTL) Typlcally a - Part-MTL test Final MTL test
10s “spike” load )
representative Of a 50 years, %l Repeated initial AEL test on Intermediate Final
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* Acoustic Emission 11 ] . R
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Acoustic Emission Testing
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@ Acoustic Emission Testing
SUPERGEN | AEGIS Test arrangement

Camera, Lens, IR Mirror

Mirror \@
S

Line of View
(and Motion)

) Science & Technology

7 Facilities Council




fb . Condition Monitoring

UPERGEN |

SN Solutions

To target condition monitoring to known unreliability
Utilise signals with known relationships to that unreliability
Develop simple algorithms to give warning of faults

Develop a diagnosis strategy with an integrated approach to
condition monitoring

Condition monitoring & diagnosis need to be part of the
SCADA architecture embed detection algorithms in SCADA

SCADA architecture needs to limit data rate to the minimum
necessary for communication and still preserve signal quality

There must be a data rate hierarchy for wind turbines

Use Test Rigs as a means to develop fault detection algorithms

Relate Test Rig work to real Wind Turbine SCADA
measurements on known faults
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Identify common faults & root causes to focus on areas of
turbine for monitoring

Identify the best sensors to use and which signals to monitor

Decide what data rate required (very slow, slow, medium or
fast) and whether monitoring 1s continuous or not

Reduce the number of signals to the lowest possible, the data
rate to the slowest possible and have as much as possible not
continuous

Identify signal processing methods and fingerprint common
faults

Continue Test Rig monitoring work but compare with models

Continue Wind Turbine monitoring work but cross compare
signals and present on a common axis

Compare Wind Turbine & Test Rig & Model results 66
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