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Wind Turbines Present Unique O&M
Challenges

or
S!@# Happens & Things Wear Out

* Multiple large machines spread out over
large area

* Maintenance planning weather dependent
* Consequences of failures can be expensive

* Most successful strategies depend on
advanced notice of maintenance
requirements

* Remote health monitoring is critical in
planning and minimizing maintenance costs

* Research is needed
e Certification can be your friend
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Major Components at Risk  \VinaPower
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WindPower
Land Based O&M Cost Estimations

0.025 ‘ ‘ ‘ ‘
¢ Lemming & Morthorst - 600 kW (1999)
® Vachon - 600-740 kW (2002) : | | |
NP PRNPPPIP PPN 1 1 1 1 |
0020 v Aaulivll ~ IV*V \'A \LUUL) ; ; ; : é TC
s A WindPACT 1.5 MW - GEC (2003) 1 1 . | |
4 | | | |
e 0015ﬁDWindPACT'].SMW—NorthernPower(2004)”7””1_”7””3 77777777 o 4
'l‘;; .
o | |
(&)
© o004 i T e o S S
S | | | | | | | | |
2 . o
< . A
A
0.005 e A OE
oal
OOOO I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20
Ch rIS Walfo rd : G EC Year of 0peration




Where are the Real O&M Costs?
Need an Unambiguous Reliability Data Base

E lectrical System
Electronic Control
Sensors
Hydraulic System
Yaw System
Rotor Blades
Mechanical Brake
Rotor Hub
Generator
Gearhox
Supporting Structure Housing

Drive Train
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Benefits of Condition Monitoring qurdPM\
= Early deterioration vVvinc OW@I’

detection to avoid
catastrophic failure;

= Accurate evaluation of
damage state of the
monitored structure, and
subsequently a cost
effective maintenance
planning or component
replacement;

= Root cause analysis and
subsequently, improved
operational strategy to
reduce chances of structure _.
deterioration. Source: Atstom Fower
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Wind Turbine CM WindPower

» Components: e
» Blade
* Drive train 65 &

= Techniques: %\J
» Acoustic emission (or &:’

stress wave) analysis
* Vibration analysis
« Lubricant condition I
monitoring
= Typical Practice:

* Integration of vibration

or stress wave with oll
CM

Source: InvenSys

Mainshaft

Source: SKF




NREL Reliability Research Strategy

|dentify the high O&M cost
issues (data base)

Quantify failure probability
statistics (data base)

Develop reliability driven
design and O&M COE
model(s)

Understand the component
root causes of failures (GRC)

Develop O&M management
tools

Design high reliability
solutions

Test solutions and O&M tools
at reference sites

Integrate long term solutions
into the design process

Errer Hours, 100 Offshore Operational Years
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Reliability Program Objectives \\/indPower
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e Short Term
— Understand reliability issues for current fleet

— Help reduce O&M cost of current fleet through
end of life.

* Long Term

— Develop high reliability solutions for design
Integration

— Design high reliability next generation turbines
(land based and offshore)
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NREL Gearbox Reliability Collaborative WindPower
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Objectives

* Understand and isolate sources of
gearbox failures.

Project Strategy

e Suggest solutions leading to greater

reliability
. . Field Test
* Develop dynamometer testing capability Team
, : *Test pl
to assess gearbox/ drivetrain problems eToot turbing
and solutions *Test setup & executig

?Data analysis

 Understand how gearbox loads translate
to bearing response, stress, slip, and
other gearbox problems.

* Develop a more comprehensive gearbox
design load case matrix.

e Evaluate and validate current drive train
design process and analytical tools.
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................... ble Energy Revolution

e Test platform between 600-
kW and 900-kW.

e 2 gearboxes with identical
instrumentation.

* Upgrade both units to state-
of-the art.

— Cooling, filtration, gear finish,
lubrication, and bearing types.

* Measure External and
internal loads and
displacements.

* Thermal measurements
e Condition monitoring

* Expert failure analysis and
forensics
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NREL Dynamometer Specifications BoulderM
« 2.5 MW power delivery VVIﬂdPOW@I’

* Full power regeneration at 480/575/690 or 4160 volts
 Torque input range 0 - 1.62 million N-m.

« Speed range from 0 - 2250 RPM

« ~500 kN non-torque shaft loads capacity.

« SCADA and automated torque/speed controls

NWTC Power Grid
High Voltage—13,200 V _ » P 13,200 V
Y PMH-10 Switch
Transformer Transformer
A A
Y
Variable- Controller/
Frequency Generator
Drive Protection
Dynamometer
* Gearbox 1
Dynamometer Coupling Jack Shaft/ Low-Spegd ﬁg{)v\{'
0-3350 hp Motor Dynamometer Shaft-Gearing a
4160V Couplings Support ears Generator
P = ——— —
- - 0-2.5 MW — T —
e T, 0-146 rpm - —
Tilts 0°-6° e
Elevationto 8ft  ————_____
[\ [/ 777777777777
Dynamometer Hydraulic  Test Turbine 02833901m

Actuator




Field Testing
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Ponnequin Xcel Windfarm in
Northern Colorado USA

Extensive measurements on a
single turbine.

Characterize load events

Correlate loads with
component internal gearbox
responses.

Site-wide failures and
statistics.




Drivetrain Analysis
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Multi-body dynamic analysis
of test article.

Codes: FAST, Simpack, LVR,
FEA (OSU Gear Lab), BEAST
(SKF), ADAMS (CENER)

Model bearing response
under various load
conditions measured in Dyno
and Field.

Model drivetrain solutions
with tuned model.

Verify design assumptions
and basic design process.




Standards and Certification
IEC Turbine Design Classes

Table 1 - Basic parameters for wind turbine classes
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Wind Turbine Class | | ] S
Vier (m/s) 50 42,5 37.5 Values
A lies (<) 0,16 Specified
B lies (-) 0,14 by the
C lies (<) 0,12 Designer
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__61400-22

—— Component Tests

——Loads Verification

Cop#ol & Protection System
tructural Component Design

Mech. & Electrical

Design Control Quality Plan [ Power Performance

Installation Quality Manual — Safety Test

— Dynamic Behavior

Maintenance Plan / Manual —Noise Test

— Load Measurements

| Operating Manual _ Manufacturing Quality Plan —Power Quality Test
Personal Safety — Blade Testing r
Design Evaluation Type Testing Manufacturing Quality Turbine

Characteristics

“Conformity Statemen “Conformity Statement “Conformity Statement’

; {optionagim ome
| | countrie$)
- 61400-12 _ .  61400-
61400-13 Final Evaluation 61400-21

61400-23

61400-4
61400-24
—1-61400-25

Type Certification




Project Certification W‘fﬁmr

Driving America's Renewa ble Energy Revolution

1400-22

I Site Assessment
— Electrical and Works Surveillance
T Installation Surveillance

Project Design

Type Certified Machine i
“Conformity Statement” yp O&M Surveillance

Project Certification

Offshore Certification
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