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U.S. DEPARTMENT OF Energy Efﬁciency &

Purpose & ObjeCtiveS ENERGY Renewable Energy

Problem Statement: Blade failures can cause extensive
down time and lead to expensive repairs, which increase
both cost and cost-uncertainty for OEMs and operators.

Impact of Project: Thorough understanding of the issues
that affect blade reliability from design through operation,
and how mitigate them.

This project aligns with the following DOE Program
objectives and priorities:

o Optimize Wind Plant Performance: Reduce Wind Plant Levelized Cost of

Energy (LCOE)
o Accelerate Technology Transfer: Lead the way for new high-tech U.S.

industries
o Testing Infrastructure: Enhance and sustain the world-class wind testing
facilities at Universities and national laboratories to support mission-critical

activities
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U.S. DEPARTMENT OF

Technical Approach ENERGY

Energy Efficiency &
Renewable Energy

om—— {m
Effects of Defects
Transportation &
nstaliation  Jlg  Erosion

Structural Health Monitoring and
Standards Operations Strategy
(partner project) (SNL project)
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Technical Approach (Manufacturing
Flaws & Structural Damage) ENERGY

Energy Efficiency &
Renewable Energy

Standards Mfg. Process

How are they
created?

Repair :
Can you fix Flaws/ Inspection

them/resulting- How do you find

UT Flaw Image Effects of

Defects
What do they

- Technology
B mprovement
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Technical Approach v, DEpARTUENT OF

Energy Efficiency &

(Leading Edge Erosion) ENERGY Renewable Energy

: - Technology )
1

Mechanisms
What causes it?

Treatment Aerodynamics
How to deal with it? Fen 8 peisiinEines

affected?
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Accomplishments (Effects of e T | e BT

DefeCtS) ENERGY Renewable Energy

» Tested coupon
samples containing
prominent types of
blade flaws

* Developed
probabilistic flaw
and damage model
for blade design

* Created/validated
new cohesive zone
modeling procedure |
to analyze fiber
waviness and
adhesive crack
growth
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Accomplishments (Inspection) ENERGY | Creroy Effciency &

Renewable Energy

Fiberglass Inspection Surface

» Developed initial set of wind-blade-specific
panels with flaws and tested with over 20
equipment developers

« Completed inspection of sub-scale 1@
validation blade with 5 equipment
manufacturers

* Developed improved hardware for ultrasonic
inspection, allowing for sensitive inspection
of thick composites

* Developed methods to detect flaws in both
the spar cap and bond line and methods to |
quantify bond line thickness

anmmracE

+ Designed/fabricated fiberglass and carbon ,‘1—"?
NDI Reference Standards for setting up and 5 l e'La'T
verifying the proper function of inspection L BT
« Completed manufacturing plant visits to soouss | wmeasi wmmee oo

assess applicability of lab-based inspection . -
methods VISTA £

. —
OLYMPUS @ﬂﬂfl A Allnl:ﬂl'

HRRy 5T

DYN ICS ° §
TOSHIBA PHYSICAL evesive,  MOWVMED  ThermalWave 'J
Leading Innovation 53> @ ggnoggacgaﬂ MISTRAS mmm“:mmm custom imaging solutions Imaglng

GROUP, INC.
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http://www.directindustry.com/prod/sonatest-ltd/phased-array-ultrasonic-testing-units-21671-442547.html
http://www.olympus-ims.com/
http://www.movimed.com/index.html

Accomplishments (Erosion) ENERGY | 5reorey Effiency &

Renewable Energy

« Gathered detailed LE
erosion measurements
from utility scale wind farm

Built and tested LE erosion
wind tunnel models

Created CFD model of
leading edge erosion Rapd thrston_ Onset o hrbuentfow
i

. . . W
Tight interaction between — ¢ e
modelers and
experimentalists

Detailed calibration and
validation of model
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WBS Number or Agreement Number 2.3.0.2 Work completed
Project Number Active Task
Agreement Number 26909 Milestones & Deliverables (Original Plan)
Milestones & Deliverables (Actual)
FY2012 FY2013 FY2014
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Project Name: Blade Reliability Collaborative

Q1 Milestone: Publish round 2 effects of defects report

Q2 Milestone: Expand reliability database to include operator/manufacturer data
Q3 Milestone: Complete lab evaluation of NDI techniques

Q4 Milestone: Status update on round 3 effects of defects testing

Q4 Milestone: Manufacture BRC validation blade Set

Q1 Milestone: Test plan for BRC validation blade Set

Q1 Milestone: Project plan for manufacuring floor NDI work

Q1 Milestone: Update BRC project plan and budget

Q2 Milestone: Publish BRC Phase | summary report Q
Q3 Milestone: Test plan for wind tunnel testing of airfoil with LE erosion

Q3 Milestone: Prototype of blade reliability tracking system

Q4 Milestone: Report on validation of initial CFD model for LE erosion

Q4 Milestone: Update BRC project plan and budget

Current work and future research

Q1 Milestone: Complete long range BRC project plan

Q2 Milestone: Report on BRC NDI screening

Q3 Milestone: Report on calibrated LE erosion model

Q4 Milestone: Report on results of wind tunnel testing of LE erosion airfoils
Q4 Milestone: Report on current state of wind turbine blade repair practices

dng
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Comments
. BRC Phase | summary report was delayed to focus on other tasks
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U.S. DEPARTMENT OF Energy Efﬁciency &

PrOjeCt Plan & SChedUIe ENERGY Renewable Energy

2.3.2.1 Work completed
Active Task
Milestones & Deliverables (Original Plan)

WBS Number or Agreement Number

Project Number
Agreement Number 22527
Milestones & Deliverables (Actual)
FY2012 FY2013 FY2014
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Task / Event a‘ 8 8 3 a' 8 8 3 ac 8 8 3
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Project Name: Aerodynamicsand Aeroacoustics
Q1 Milestone: Complete a conference paper on wind turbine rotor loads predictions

Q2 Milestone: Modeling strategy for prediction of aerodynamic rotor losses dueto LE erosion
Q3 Milestone: Develop a model for parameterization of blade roughness dueto LE erosion
Q4 Milestone: Fabricate an LE erosion airfoil model for wind tunnel testing

&
Aend

Comments
. Project ended in FY12
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U.S. DEPARTMENT OF Energy Efﬁciency &

PrOjeCt Plan & SChedUIe ENERGY Renewable Energy

acend
WBS Number or Agreement Number 2.6.0.1 Work completed
Project Number Active Task
Agreement Number 22721 A Milestones & Deliverables (Original Plan)
Milestones & Deliverables (Actual)
FY2012 FY2013 FY2014
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Project Name: Targeted Hfects of Manufacturing Defects
Q3 Milestone: Completion of Preliminary Facility Design
Q4 Milestone: Complete Installation of Test Equipment ‘
Q1 Milestone: Complete preliminary assessment of candidate NDI methods |
Q2 Milestone: Design NDI probability of detection POD experiment and produce s pecimens ’
Q3 Milestone: Draft interim Effects of Defects summary report
Q4 Milestone: Publish “Effects of Defects for the Blade Reliability Collaborative” report
Current work and future research
Q1 Milestone: Report on defects as a function of processing parameters
Q2 Milestone: Complete design of 2nd set of probability of detection (POD) specimens
Q3 Milestone: Complete manufacturing of 2nd set of probability of detection (POD) specimens
Q4 Milestone: Complete POD experiment protocols

Comments
Sub-scale test facility installation was delayed by site infrastructure and part supplier issues.
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P rOJ e Ct B u d g et Eﬁ”ER""REEFY Energy Efficiency &

Renewable Energy

Budget History

FY2012 FY2013 FY2014
Project Title DOE Cost-share DOE  Cost-share DOE Cost-share
Blade Reliability Collaborative $800k - $1,000k - $500k -
Targeted Effects of
Manufacturing Defects ol _ eIl _ eIl _
Rotor Aerodynamics & $400k _ $0k _ $0k _

Aeroacoustics

« Current Project Expenditures (as of Feb. 2014)
— Blade Reliability Collaborative: $207k (40%)
— Targeted Effects of Defects: $159k (31%)
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Research Integration & Collaboration ENERGY | soor® Seeney &

Renewable Energy

Partners, Subcontractors, and Collaborators:

Over 40 participants including

3 Research Institutions: Sandia National Laboratories,
National Renewable Energy Laboratory, Electric Power
Research Institute

* 1 Academic Institution: Montana State University

30 Companies: TPl Composites, MFG, Rope Partners,
GE, Vestas, Gamesa, Seimens, Iberdrola, EDPR, over
20 NDI Equipment Manufacturers
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Research Integration & Collaboration .. .coumeror

Energy Efficiency &

(Cont_ ) ENERGY Renewable Energy

Communications and Technology Transfer:

Conferences and Workshops:

AIAA SDM 2012, 2013

AIAAASM 2013, 2014

NAWEA Symposium 2013

2012 Sandia Blade Workshop

2013 Sandia Wind Reliability Workshop
AWEA 2014

Publications:

» “Effects of Defects in Composite Wind Turbine Blades Round 2”

» “Effects of Defects in Composite Wind Turbine Blades Round 3”

+ “Blade Reliability Collaborative: Development and Evaluation of
Nondestructive Inspection Methods for Wind Turbine Blades” (pending DOE
SAND report)

 M.S. Thesis and Ph.D. Dissertation in preparation

Project Review Meetings:
* March 2012, October 2012, February 2013, August 2013
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Next Steps and Future Research ENERGY | Croo Effcioncy &

Renewable Energy

FY14/Current research:

» Non-Destructive Inspection: Go to the manufacturing floor

 Effects of Defects: Quantify affect on fatigue damage at coupon and sub-structure level
» Blade Repairs: Survey current practice in wind and other industries

» Leading Edge Erosion: Develop validated aerodynamic engineering model for blades

FY14 Milestones

* Q1: Submit update of multi-year Blade Reliability Collaborative (BRC) project plan (complete)

* Q2: Complete SAND report on Blade Reliability Collaborative (BRC) Phase | non-destructive
inspection (NDI) Screening (March 2014)

* Q3: Report describing calibrated leading edge erosion roughness model (June 2014)

* Q4: Report detailing wind tunnel test results of wind blade airfoils with leading edge erosion (Sept.
2014)

* Q4: Report on wind blade repair technologies (Sept. 2014)

Proposed future research:
» Testing of blade repair methods and associated NDI of repairs
« Leading edge erosion mechanical testing
« Expand leading edge erosion tests to a range of airfoils
 Lightning-related damage to blades
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