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nnovative Blade Research: Major Focus

- Innovations that lead to longer &
lighter blades that reduce COE

- Designed & built several blade
prototypes over the past several years
to demonstrate a variety of
innovations

- This presentation focuses on results of
two blade projects that demonstrate
passive load control and a

- Very large in-the-works 100-m baseline
blade design for offshore
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Overview

m Background on Development of Bend-Twist Coupling
Concepts

m TX-100 9-m research blade

- Goal: demonstrate passive load reduction using off-axis materials

m K&C 27-m STAR blade

- Goal: demonstrate passive load reduction using geometric sweep
- Further the concept of growing the rotor with same loads

[ |
BOth PrOj ECtS Ref: Thomas D. Ashwill, “Passive Load Control for
- Parametric studies Large Wind Turbines,“ 51st SDM Conference,

. De5|gn/AnaIyS|s Orlando, Florida, April 12, 2010
- Fabrication
- Testing

+ Static, Modal

+ Fatigue

+ Flight

® Results and Summary
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TX-100 9-Meter Blade
Twist-Coupling Using Off-Axis Fibers
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Twist Measurements During
Static Load Test

—FEA
+ Measured
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Generator Power (kW)
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Reduction-Azimuth

00 Load
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TX-100 Load Reduction -
Fatigue Cycle Counts
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STAR 27-m Swept Blade

m Part of DOE’s Low Wind Speed Technology (LWST) program to
advance technologies so wind systems can be more competitive
in regions of low wind speed (5.8m/s). This will significantly
increase available land area for economic development.

m In 2004, Sandia contracted with Knight & Carver to
- develop a sweep-twist adaptive blade

- reduce operating loads and allow for a larger more productive
rotor.

m Zond 750 chosen as baseline platform
- turbines are in need of blade retrofits
- Z-48 (23.5 m blade)
- Z-51 (24.5 m blade)
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Sweep Design Process

36 m Rotor Root Axis Tip Sweep (m) = 2.20 Sweep Curve Exponent = 2.5 (2 is circular arc)
Glass Spar (ins) = 87 Unit Curve Depth = 0.33
Uni Roving Root Axis Forward Sweep (deg) = 1.5 Deepest At = 54%
E =6 msi
2.5

/

0.98 0 —0.20 0.30 0.40 0.50 060 i) 0.80 0.90 1.00
-1.5
Weighted Tip Max Notes: X axis is approximate blade pitch axis
Twist* Twist Shear Bend depth is the maximum offset of the local blade axis
(deq) (deqg) {psi) relative to a straight line from the axis at the root
| K&C GlassSpar 1.74 3.07 3571 to the axis at the tip

* Segment twists weighted by fraction of disk area affected

Zuteck, M.D., “Adaptive Blade Concept Assessment:
Curved Planform Induced Twist Investigation,” SANDO2-
2996, Sandia National Laboratories
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STAR Airfoils & Planform Design

STAR-1520-0018, Re = 3.0 million
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& FEM Analysis
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Probability Density, (kKNm)*-1
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View of the STAR test site looking north ) s et s
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Annual Energy Improvements

Turbine Energy Compare
Group 1 (kWh)
RP-01 243009 101%
RP-02 236301 99%
RP-04 237148 99%
RP-08 242496 101%
Average 239738 100%
STAR 268711 112%
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Advanced Rotor Development:
100-m Sandia Blade Design

m Goal: Provide technology research to produce innovations and advanced design
concepts to develop very large utility-grade blade and rotor designs for offshore

and onshore (where possible).

60.meters =19 B

100 meters -z
150 meters - as2

j ‘ &' human scale

m Methodology:
- Develop and apply scaling laws to scale-up of 5 MW turbine system.
- Create 13.2 MW Sandia Baseline (100 m long blade) with detailed composite
laminates
- Apply innovative concepts to baseline to reduce weight, and improve
performance & cost effectiveness

m Partners: European UpWind Program and NREL

SNL Contacts: Tom Ashwill and D. Todd Griffith @ Sandia National Laboratories



Challenges & Opportunities

for Large Blade Development

Challenges:

Blade weight growth

Manufacturing &
reliability issues

Material volumes & cost

Transportation

Opportunities:

Very thick airfoils for structural efficiency

Material lay-up & choices

Multidisciplinary design optimization

Blade joints

Load alleviation concepts (active &

passive)

Other innovations

i1
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Advanced Rotor Development

Blade Scaling and Design Drivers e
:
Scale factor: o = 27 scaled Length _ L, =
Baseline Length L, g
Mass: m, =’ Xm, .
Rotor Power: P, =a’ X P, o e
-Critical buckling load is independent Root Bendine Mo :
of scale factor sel Sl
Panel resonant frequency drops as Due to Aerodynamic Forces: M}, =o' XM,

one over scale factor, as do bending
frequencies

3!) meters ="/96"

Due to Gravitational Forces: M, =o' XM,

70 eters =328’

Griffith, D.T. and Ashwill, T.D., “Development of the Sandia 100-meter Baseline Blade,”
Sandia Technical Report, To Be Published 2010.

M 5’8" human scale
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Typical Blade Cross-section for
100-m Baseline
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caling of Mass and Structural

Properties to 10, 13.2, & 15 MW

Mass per unit length (kg/m)
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Process

*Available models upscaled to provide a
means to provide preliminary analysis of
certification design loads

Detailed lay-up and external geometry
designed as part of baseline

*Strength, deflection, fatigue and stability
analyses performed

*GL partial safety factors for loads and
materials were applied and design found
to have acceptable margins

*One conclusion: edgewise strains &
buckling are important design drivers

elopment of the Sandia 100-
meter Baseline Wind Turbine Blade

Future Work

*Application of innovations to baseline to
reduce weight, and improve
performance & cost effectiveness,
including use of

e carbon fiber & other advanced
materials

 flatbacks & other new airfoils
e geometric sweep

* pre-bending

e passive load control
 active load control

« more efficient design architecture
111! Sandia National Laboratories




Summary

m Both the TX-100 and STAR blade demonstrated that bend-
twist coupling can be implemented in an effective manner

m The STAR rotor increased average energy capture by 10-12%
compared to baseline Z48 turbines exceeding the design goals

of 5-8%

- measured moments were equivalent to those measured on
other Zond turbines and compared well with predictions

m 100-m Sandia baseline blade is being designed for use in

innovation studies

i
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