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Outline

"You want what you can’t measure
=" What sensors are in the arsenal?

" What, where and how many?

" Quality and synchronization or bust

= Application examples




ou want what you can’t
measure

m Desired: = Measurable:
- Deflection - Strain
- Bending - Acceleration*
moment ] - Surface pressure*
- Lift / drag - Inflow velocity,
- Rotor direction and variation
imbalance . Etc.

- Inflow front

- Impact
detection

@




Monitoring over life-cycle

>

2 - Field Testing
(USDA-ARS)

1 - Blade Fabrication
(PI Composites)

3 — Lab Testing
(NREL - NWTC)

DOE, National labs, Industry,
Universities, and non-wind companies

“Win-win-win-win”
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What sensors are in the arsenal?




Structural Measurements

- Strain Gage
+ Uses: strain measurement, model validation, damage equivalent loading, modal analysis
+ Partners: Vishay

- Fiber Optic
Uses: strain measurement, model validation, damage equivalent loading, modal analysis
Partners: Micron Optics, Aither Engineering, Intelligent Fiber Optic, Luna Innovations

- Examples:

e --- " - -_-...--.- u—n—a-.__“, x‘ﬁh

: 29T o5 4
- - —
-y .
P -
y :

MICRON
OPTICS



- Accelerometer

+ Uses: acceleration measurement,
modal analysis, CHM, SHM,
prognostics

+ Partners: PCB Piezotronics, Silicon
Designs

+ Examples: pgw

« Acoustic Emission

Uses: high-frequency vibration
measurement, damage detection

Partners: Physical Acoustics
Examples:

Structural Measurements (cont.)

- Active Piezoelectrics

Uses: strain measurement and
creation, damage detection, SHM,
operational monitoring

Partners: Los Alamos Labs, NASA-
KSC

Ty -
Examples:

- Digital Image Correlation

Uses: displacement and strain
measurement, model validation,
modal analysis

Partners: SNL, Univ. Mass. — Lowell
_ § : :




Aerodynamic Measurements

- Pitot Tube - Pressure Taps
+ Uses: angle of attack measurement, . Uses: differential pressure
controls, model validation measurement, CFD model validation
+ Partners: Aeroprobe, PSI - Partners: Aeroprobe, PSI
+ Examples: ' - Examples:

- Stagnation Point

Uses: pressure measurement, CFD - Uses: angle of attack measurement,
model validation model validation
Partners: Measurement Specialties . Partners: SNL, Univ. Mass. — Lowell

Examples:




dynamic Measurements (cont.)

- Cup Anemometer - Sonic Anemometer
+ Uses: wind speed, inflow estimation - Uses: 3D wind speed, wind vector
+ Partners: Teledyne, MetOne, NRG - Partners: Applied Technologies
+ Examples: Examples:

- Wind Vane

Uses: wind direction
Partners: MetOne, NRG
Examples:




Electrical Measurements

- Power

+ Uses: three-phase voltage, current,
total power, VAR

+ Partners: Ohio Semitronics
+ Examples:

(1) Sandia National Laboratores




| SNL Sensor Blade 1 Project -

! NDE/NDI/NDT and QA Tools
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What, where and how many?

m Sensors and supporting infrastructure (data acquisition, cabling,
etc.) are directly and indirectly costly.

m Must design sensor array, data acquisition to meet operational
/ development goals in advance of deployment.
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Where?
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How many?

Actual and Estimated Deflection Deflection Difference
. 0.15 . —2"d Order;
g £ 0.05 3'd Order |
0.1 )
_5 1st Order = 0 1 A
> Actual, = S
< 0.05 - ond Order, | & I
) , S 005 1st Order
a 0 3d Order |R V-
0 3 6 9 0 3 6 9
Span (m) Span (m)
Tip Deflection Tracking Tip Deflection Difference
;X 10° | | |
13 .| f‘ 3 Order |
g 01 Actual, s
5 2nd Order, E or |
2005 3rd Order = -1
21 ]
| | | | | 2‘nol Order *
%100 200 300 400 500 S0 100 200 300 400 500 ﬁ
Time (sec) Time (sec)



Quality and synchronization or bust
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Scaled Wind Farm Technology
Facility DAQ and Control Network

Vestas
turbine N
—
Sandia Time synchronized data
turbines
1 kHz sampling rate

Met
towers

GPS modules
Ensure data synchronization
between all turbines and met

masts.
PC — NI Veristand host
NI Veristand will be logging all signals
and ensuring they are time
synchronized.
In the future, the Veristand host will
also broadcast signals from turbines or
met masts to other turbines to be used

in control decisions. @ Sandia National Laboratories

Control Building
Data logging,
monitoring and
office space




Application examples




Sensor Rotor 2 and SMART Rotor 1
Instrumentation

Triaxial Accelerometer
Uniaxial Accelerometer
Strain Gage
Pitot Tube

Pressure Taps
= Tao Systems
FBG Strain and Temp.
' Aerodynamic Actuators




_ SNL Data
cquisition
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Microstrain *
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niversity of Minnesota
Clipper 2.5 MW Rotor DAQ

Data Acquisition

Wind Energy
Research Consortium

Spectral Density Estimate
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Unmanned Operation _ o
and Connectivity Reliable and Rugged Connectorizing
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