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OutlineOutline

• Context for blade research
• U.S DOE program blade activities
• What’s going on now in research

– Size and weight
– Carbon fiber
– Manufacturing
– Design innovations
– Load Mitigation

• Fatigue Issues
• Full Scale Testing
• Design Analysis
• Opportunities
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Current Wind Industry MarketCurrent Wind Industry Market

• Size
– 1.5-5.0 MW
– Towers: 65-100 m
– Blades: 34-50m
– Weight: 150-500t

• Costs
– System < $3/lb
– Blades < $5/lb
– ~ $0.75/Watt
– $0.03-0.05/kWh
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DOE Wind Energy ProgramDOE Wind Energy Program

Goal A
By 2012, COE from large 
systems in Class 4 winds 
3 cents/kWh onshore or

5 cents/kWh offshore 

(Program Strategic 
Performance Goal)

Goal C
By 2012, complete 

program activities for 
grid access, operating 
rules, ancillary service 

tariffs, and transmission 
expansion plans that 

support industry’s 2020 
capacity goal.

Goal D
By 2010, 100 MW 

installed in at least
16 states.

Program
Goals

Technology ApplicationTechnology Viability

Low Wind Speed
Technology

Systems
Integration

Primary Program Activities:
• Public/private partnerships

Distributed Wind
Technology

Primary Program Activities:
• Public/private partnerships

Primary Program Activities:
• Models
• Ancillary costs
• Utility rules
• Grid capability

Technology
Acceptance

Primary Program Activities:
• State outreach 
• Federal loads
• Rural wind development
• Native Americans
• Power partnerships

Goal B
By 2007, COE from 

distributed wind systems
10-15 cents/kWh in Class 3

Supporting Research
and Testing

Primary Program Activities:
• Enabling research
• Design Review and Analysis
• Testing Support

Supporting Engineering
and Analysis

Primary Program Activities:
• Standards and certification
• Field verification test support
• Technical issues analysis and communications
• Innovative technology development
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Impact of Cost GoalsImpact of Cost Goals

Baseline (15 GW in 2020)
• No technology breakthrough
• Class 6 Plateau

Program Goal: 
3 cents/kWh 
Class 4 COE 
in 2012 
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G
W Competitive Class 4 Technology*

*Growth trajectory from NEMS using AEO 2001 assumptions with 3 
cent/Class4/2007 technology

EIA/AEO 2001 Renewables Cases

Opportunity

2001

Reference

High Renewables

Expands resource base 20-fold
Reduces average distance to load 5-fold
35 GW additional opportunity by 2020

Current Class 4 cost:
4.3 cents/kWh

Class 4 goal (2012):
3.0 cents/kWh
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How Do We Get to Low-Cost,
Low-Wind-Speed Technology?

(Thresher: 5/02)
Technology Improvements Estimated COE Improvement

• Larger-scale 2 - 5MW - (rotors up to 120m) 0%  ± 5%

• Advanced rotors and controls –
(flexible, low-solidity, higher speed, hybrid carbon-glass -15% ± 7%
and advanced and  innovative designs)

• Advanced drive train concepts -
(Hybrid drive trains with low-speed PM generators and -10% ± 7%
other innovative designs including reduced cost PE)

• New tower concepts - (taller, modular, field assembled, 
load feedback control) -2% ± 5%

• Improved availability and reduced losses - (better controls, -5% ± 3%
siting and improved availability)

• Manufacturing improvements - (new manufacturing methods, -7% ± 3%
volume production and learning effects)

• Region and site tailored designs (tailoring of larger 100MW -5% ± 2%
wind farm turbine designs to unique sites)

-44% ± 32%
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Sandia Blade Workshop 
February 2004

Sandia Blade Workshop 
February 2004

• Blades are source of all 
energy and loads

• Typically 10-15% of 
system cost

• Even a small system 
improvement offsets a 
large increase in blade 
cost

• Perhaps we should be 
thinking of more 
expensive blades instead 
of lowering blade cost!

The high payoff game:
Larger rotor with the same loads
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Certification:

Manufacturing
R&D

Adaptive 
Structures

Materials
&

Fatigue

Design Analysis 
Tools

Substructure
Testing

Full Blade
Testing

Design 
Margins

Aerodynamics
& CFD

Inflow
&

Loads

Wind Program Blade Research:
A Sandia–NREL partnership
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Sandia Wind Energy Research
Primary Responsibility – Blades
Sandia Wind Energy Research

Primary Responsibility – Blades

Sandia Research Elements
• Advanced Blade Control – both 
active and passive (adaptive blade)
• Materials
• Manufacturing
• Analysis Tools
• Validation Testing & NDI
• Field Testing and Instrumentation
• Reliability

Sandia has the core competency in solid mechanics



page 10

Design Evaluation Relies 
Heavily on Testing at NREL
Design Evaluation Relies 

Heavily on Testing at NREL

Fatigue Test on 
a 34 meter 
blade test at 
NREL/NWTC
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Blade Size over TimeBlade Size over Time

50+ meter

34 meter

23 meter

20 meter

12 meter

9 meter

7.5 meter

5  meter

1978 1985 1990 1995 2000 2005
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50.5 Meter Blade
(GE 3.6 MW turbine)

50.5 Meter Blade
(GE 3.6 MW turbine)
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Comparison of Weight Trends 
WindStats Data & New Design Concepts

Comparison of Weight Trends 
WindStats Data & New Design Concepts

SAND2004-0074, Innovative 
Design Approaches for Large Wind 
Turbine Blades; Final Report, TPI
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New Materials: New IssuesNew Materials: New Issues

• Carbon fiber forms
– Cost vs. Performance
– Tow Size
– Pre-preg vs. fabrics

• Manufacturing process
• Fiber straightness
• Carbon/Glass hybrids
• Carbon-to-Glass Transitions
• Resin systems

7.5 mm
Additional
fiberglass

3.0 mm
Carbon
layers
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Carbon Fiber has it’s ProblemsCarbon Fiber has it’s Problems

• Competition with high quality fibers
• Availability of precursors
• Large investment for increment in fiber production capacity
• Difficult infusion – may require new manufacturing process
• Straightness requirement
• Low strain limit in compression
• Variability of fatigue properties in compression
• Cost

Vestas release of the V-90 suggests problems are manageable.
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Partners in Blade 
Manufacturing

Partners in Blade 
Manufacturing

Continuing
• GEC carbon fiber studies
• TPI Composites

– TPI and Mitsubishi have a joint 
venture – Vientek in Juarez, Mexico

– Manufacturing 34-39 meter blades 
– Partnership with GEC

New
• GE Global Research
• Knight and Carver

– Los Angeles Yacht Builders
• HITCO Carbon Composites

– Gardena, CA Co.
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Eolidyn Rotor Systems
Planform A / 50 meter blade 

Blade Length (m) (ft) 50.0 164.0 Rotor Speed (rpm) 11.9
Hub Radius (m) (ft) 1.5 4.9 Wind Speed (m/s) 10.0
Rotor Radius (m) (ft) 51.5 169.0

Baseline Thickest Structurally Optimized Reynolds
Station Radius Radius Station Chord Twist Chord Thickness Thickness Thickness Thickness Thickness Thickness Number
Number Ratio (m) (m) Ratio (deg) (m) Ratio (mm) Ratio (mm) Ratio (mm) (Re)

1 5% 2.575 1.075 0.0517 29.5 2.664 100.00% 2664 100.00% 2664 100.00% 2664 1.92E+06
2 15% 7.725 6.225 0.0775 19.5 3.992 42.00% 1676 62.00% 2475 66.00% 2634 3.79E+06
3 25% 12.875 11.375 0.0860 13.0 4.429 28.00% 1240 48.00% 2126 54.00% 2392 5.73E+06
4 35% 18.025 16.525 0.0758 8.8 3.901 24.00% 936 40.00% 1561 47.00% 1834 6.57E+06
5 45% 23.175 21.675 0.0664 6.2 3.418 23.00% 786 33.00% 1128 35.00% 1196 7.15E+06
6 55% 28.325 26.825 0.0574 4.4 2.957 22.00% 651 26.00% 769 27.00% 798 7.43E+06
7 65% 33.475 31.975 0.0487 3.1 2.509 21.00% 527 21.00% 527 21.00% 527 7.37E+06
8 75% 38.625 37.125 0.0402 1.9 2.072 20.00% 414 20.00% 414 20.00% 414 6.97E+06
9 85% 43.775 42.275 0.0319 0.8 1.643 19.00% 312 19.00% 312 19.00% 312 6.24E+06

10 95% 48.925 47.425 0.0237 0.0 1.221 18.00% 220 18.00% 220 18.00% 220 5.16E+06
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Blade Station (m)

Blade
Thickness
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Design Studies identify the 
inner-span for thicker airfoils
Design Studies identify the 

inner-span for thicker airfoils

• A thicker airfoil opens up new manufacturing opportunities
– Constant thickness spar cap
– Pre-manufactured spars (e.g., Pultrusion)

• Weights are reduced substantially without other (material) changes

Traditional Design Thicker Airfoils
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Examples of Flatback AirfoilsExamples of Flatback Airfoils
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Adaptive Blades
Load Mitigation

Adaptive Blades
Load Mitigation

Active
Micro-tab Assembly &  Motion

slider

base

extender

Passive
Bend-Twist Coupling
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Issues in FatigueIssues in Fatigue
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Component Failures Reported in Denmark 
4th Quarter 2001

Source: WindStats Newsletter
Winter 2002, Vol. 15, No. 1.

Largest Category: 
"Other" - 71 Failures

Fatigue driven failure of the major 
structural components has not been a 
large contributor to system failure.
However, it drives system cost.
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Issues in Fatigue (continued)Issues in Fatigue (continued)

• Material Properties
– Composites Industry – divided 

between aerospace and consumer 
products

– Coupon vs. full scale 
– Material Variability

• Load Spectra
– Designs are qualified using aeroelastic 

simulation results
– Simulation uses assumed (and 

standard) site conditions
– Aeroelastic models are verified with 

field test data
– Relationship to site characteristics
– Site Variability

• Damage Models
– Miner’s Rule vs. non-linear 

damage models
– Fracture Mechanics
– Residual Strength
– Sequence Effects

• Design Margins
– Safety Factors defined in 

international standards
– Coupon and component testing to  

reduce margins
– Site-specific design loads to 

replace “one size fits all” margins
– Shifting design drivers in low wind 

speed sites
– Standardization vs. Optimization
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Fatigue Testing at Risø
Roskilde, Denmark

Fatigue Testing at Risø
Roskilde, Denmark

Every blade 
design / 
manufacturing 
combination 
must be verified 
by full scale 
testing.
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Blade Testing at the Netherlands 
(ECN) “Knowledge Center”

Blade Testing at the Netherlands 
(ECN) “Knowledge Center”

Fatigue failures initiate 
at local weak spots and 
evolve into loss of 
stiffness

Ultimate load failure is 
usually buckling, but 
point of initiation is 
sometimes difficult to 
determine.
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Design Tools:
Validation and Testing

Design Tools:
Validation and Testing

Design, analyze, fabricate, 
and test composite material 
structures to develop new 
approaches to design and 
analysis of blades
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Innovation OpportunitiesInnovation Opportunities

• Load alleviation
• Lighter and stiffer designs
• Anticipatory control 
• Embedded control activation
• Aeroelastic tailoring
• Improved manufacturing of joints and bond lines
• Analysis capability that is predictive of failure mode
• Improved panel buckling restraint and novel 

internal structure
• Thicker inboard airfoils
• Tip noise reduction
• Spanning the gap between composites for aerospace 

and boat hulls
• Embedded condition monitoring – system reliability 

enhancement
• …
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Blades: 
Issues & Opportunities

Questions?

Blades: 
Issues & Opportunities

Questions?

Horn’s Reef, 
Denmark


