Sandia Wind Turbine Sensing "= SAND2012-8163C

National Scott Hughes (NREL),Shawn Sheng (NREL) & N Iq E L

I_aboratorles and Jonathan White (S N L) NATIONAL RENEWABLE ENERGY LABORATORY

United States - Onshore and Offshore Annual Average Wind S at80m o - y y SN . . .
s or S —— Wind Potential Turbines are Complex Machines Multidisciplinary Design and
Control
- Wind deployment experienced | Average Land-based Machine o & - Flexible, composite blades
: Most | ] disk brake o\ .
remarkable growth in past few Sencill - Power Rating: 1.5 - 2 MW Wind vanel i e\ | - Multistage gearboxes
e a rs 4 ] anemﬂmeter cover / Main ] ]
d _ arce - Tower Height: 80 — 90 meters__ | [ bearnel | * Direct-drive generators
* Current capacity above the Nacelle Nacelle Mass: 50 — 00 t | J— | c I
curve for 20% wind by 2030 acelie Mass. ob =L tons IOth ex power
scenario - Blade Length: 34 — 45 meters —% Y electronics
i . Spinner o x
e 200 - Blade Weight: 6 — 10 tons Gearbo - | Interacting subsystems
LLC for windNawigator®. Web: htip /iwww.windnavigator.com | . .
o 20k Prafaction Abars Cped Aoaa WO, Offshor . . : ower — 1 w gear
B s NREL - :La:d-zaesed Typical Sensors on Commercial "3 ! By B | masepn
- 38 AWS Truepower” b . S~ | bl
e AR ATERower” e ININ S A Turbines | - .
Segmented_+~—=0 _ subcomponents

tower joints

N
(=]
o

Rotor / generator speed &

/_\\ Segrﬁentecl
torque |

 Tremendous wind potential in the U.S plades

150

* Wind provides the lowest-cost source
of new renewable power

Wind direction

100
20% Wind Scenario—.

N
o

assemblies

Cumulative Installed Capacity (GW)

Wi n d S p eed Foundation l

- With good resource and a PTC, wind

can be the lowest cost source of power 0 |
2000 2006 2012 2018 2024 2030

Actual

Temperature & pressure

Power quality & production

 Premature component failures

 Enormous size and scale of turbines require j
lead to reduced turbine

Wind Stats: 2003-2009 Aggregated Downtime per Turbine Subsystem

- q e innovation to permit continued growth in size availability and increased cost "
oset S | -~  Wind turbines installed in arrays experience of energy
= & 4"' - reduced power production and increased fatigue * Turbine performance and
S lightning I availabili ty improvemen t 120000
oads .
B | ; ﬁ through robust, reliable and  :
Y - .  Turbines required for 20+ years of lifespan ,  cost effective sensors :
i » Performance optimization of ="

* Issues with grid interconnection, operation with
increasing amount of variable generation

60000 -

s wind plant presents an
opportunity for sensor oo |

networks
Oé 20000 -

« Offshore wind deployment
requires tremendous attention
%4 to demonstrating high-
reliability, availability and
maintainability, for which
sensing plays a critical role

* Barriers to deployment: wildlife, radar, permitting,
land-use conflicts

Air Brake -|

Mech. Brake m

Sensors H

Rotor

« Extreme coastal and offshore environments
require remote sensing

Yaw System -

Pitch Adjust.

Gearbox

Generator
Windvane/anemometer l

Elec. System

Hydraulics

Main shaft/bearing _
Elec. Controls [

i )

™ 1?“ “V‘_-. ."'

i m : -
i s F 38 & i |

& T ma e

. B% i

v PR

AN S ¥ 11% J |
] Y i “
! wl. . |
¥ ' !.| N L iy
\ : ; I'__‘ 'ﬁr I_%- ) T |
Alr e b i '@»; ki ‘
“ i y 34 3 1!'|r'.7 i I
) (BRe, . - 1Ry Y i
Bt " WAt 7 : S 18 A
iy b " Wt 8 e R -0 b I
F e v o X T ] T e .!' i
a " . \ -lf R . i ‘ L} : ) 't. i 'I -..,
H‘l\lHl\H‘llHH

—
N

 Plummeting natural gas prices

Advanced Sensing and Control Needs Advanced Data Acquisition and

Sensors

* Measuring and understanding inflow —
i enable forward looking real-time control to
LIDAR mitigate fatigue and extreme loads
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 Imbalance and vibration sensing — mitigate
drivetrain fatigue loads
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* Fiber optics — temperature,
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* Blade defect and damage database

- Investigate use of various * Nondestructive evaluation and inspection

monitoring techniques to
improve turbine availability — no
single technique is a solution for
all possible failure modes

 Component and full-scale fatigue test facilities

- Accredited testing to international
standards

* Inspection validation

* Effect of defect evaluation * Full-scale drivetrain testing

- Vibration analysis algorithms
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