Wind Turbine Blades:
Building Reliability

2009 Wind Turbine
Reliability Workshop

Sandia National Laboratories
Albuquerque, New Mexico

Stephen C. Nolet
Principal Engineer
TPl Composites, Inc
Warren, Rhode Island

June 18, 2009




[/ =]

woo
oom
r=zr
C'U<
“om
242
mwm®

tp1

TPl Composites, Inc.

Deliver structural composite solutions in volume to the wind
energy, military and transportation markets. Solid growth
through long term partnerships with major players in each of
these industries.

Wind Energy

Military Transportation
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Wind Energy — Commercial Products
Mitsubishi Heavy Industries

DELIVERING
COMPOSITE
SOLUTIONS

MHI IMW Class1
26.8M Blades

ienTek
MHI 1MW Class 2

29.5M Blades
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Wind Energy — Commercial Products
Mitsubishi Heavy Industries (continued)

Z2 -2
mwm®

o MHI's 2.4 MW wind turbine

e MWT92/2.4 and MWT 95/2.4
o 44.7m WTB Class Il Service
o 46.2m WTB Class Ill service
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1.1M Sq Ft of Manufacturing Space

Warren, RI, 60K sq ft, Development Taicang Port, China, 190K sq ft to supply Newton ,lowa, 316K sq ft to supply wind
Center, Manufacturing wind blades to GE blades to GE

LTI T

1

Juarez, Mexico, 2 Plants 477K sq ft, Wind blade JV with Mitsubishi Springfield, OH - 66K sq ft, Military and Transportation Mfg
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tpl otirois Anatomy of a Wind Turbine Blade (Max Chord)
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Seemans Composite Resin Infusion Molding Process
(SCRIMP®)
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Wind Blade Manufacturing:
Infusion, Demolding, and Assembly

July 9, 2009 TPI Composites




o Silicone bags are rapidly fitted to the infusion tool.

o Feed lines, vacuum lines and embossed distribution
channels are integrated into the bag improving the
repeatability of the process.

o Setup time and process robustness greatly improved.
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Skin Lay-up with Reinforcements and Core
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* Laser Projection Systems for real time
tool based projection of ply locations,
bonding adhesive outlines and shear web
location.

* Ceiling mounted laser projectors. Up to
five “ganged” together to provide full
coverage across a single pair of 46.2m
molds.

* Technology is now applied to all 2.4MW
blade production
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Hydraulic “Power Hinges” for
Blade Assembly

Wi = * Hinges eliminate flip

N\ fixtures and HP or LP
Skin demolding prior
to bonded assembly

@ s * Greatly reduces
” assembly time

| * Improves accuracy

e Eliminates risk of
damage to either skin
as a result of handling
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* 46.2m Blade at 90% Max Operating load during proof
testing at Vientek

* Tip deflections exceed 8 meters at max load.

* Root test stand designed to react over 30 million N-m
of bending load!
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Bend-Twist Coupled Behavior:

2 ways to Skin that Cat
New Materials — Carbon/Glass Hybrid
A ,'
. . . “/
Aero-Elastic Tailoring: O

. . /
Passive load reduction S

e Material-based R

Geometry-based
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Fatigue Testing of Carbon Fiber

Laminates Fabricated at TPI

Fully-Reversed (SAERTEX Triax|
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+ Intec Epoxy ® MSU Epoxy 4 MSU VE.
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Webcore Technologies, TYCOR
Sandwich Core Materials

Z2 -2
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TYCOR material applied to shear webs in production blades for multi-
megawatt scale turbine.

Very low weight, high performance core at a highly competitive price.

Kitting and assembly in mold has proven to be faster and more
accurate than balsa and foam materials.
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e Offshore Wind will inevitably drive
designs toward larger and lighter
weight rotors.

* The cost of failure is unacceptably
high, but the cost of R&M may well
be prohibitive and require the use
of technology to ensure long term
reliable operation.

* Health monitoring systems in a
variety of forms where innovation
rules, may be the answer.
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Insensys — Independent Pitch Control
Load Measurement System

Insensys |IPC Load Measurement System

Frowan tachmology fTor edvanced turbena comtrmol spplications

ey b=ne=fits of the Ins=nsys system for |PC applications

Tha In=ansy= IPC osd ma=zuramant systam hes beon specficaly desigrad
for wind turbine operation and is ba=ad on a maturs fibre opbc ser=ng
platfarm thet providas an accursts, reistbls and cos=t sffectve load

sigrea| mput.

= Proven, rdisbla, technology for wind turbing daployment

= (EM=pecific de=gn for simple sy=tem imtegraton

* Cozst effectve for sermas deploymant

= Cimpla imterfecing with axdsting control systems

= Fact, cimple, =an=ar imegreson into tha blads production procas=s

= Excallent long term zarsor fetgue performanca

# Man-conductiva system aiminetes ERMI and ightning is=ues in tha blede ard hub

—— ——_
Murmniber of bledes 3
Murmnber of cencors par bleds 8
Renoa 24’500 micrastramn
Foszurement re=clubon 1 micro=trmin
Feszuremant fraguancy 25 He sensor
Powear supply 245 OC
Powear corsumpton =3 WAS
PLC immari=ca REZ32, REAZ2, RE4AB5 CalMbus
Wiaighe 2 kg
DCimanmonz L x O x W 240 = 57 = 120 mm
Dparsting tamparstura -A0FC to +80PC
Frotactbon Cle=z =40
|
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nment of Blade to Tower — Another
oortunity for Load Measurement

 Root Studs in the form of “T-
Bolts” typically are used to

anchor mega-watt scale blades
to the hub.

Instrumented bolts in
development include “wireless”,
low power products that can
provide accurate root moment
measurement for IPC or
Condition Monitoring Systems.
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cmpeaaea >ensors.
FBG/Accelerometers/Foil Strain
Gages

* Recently, TPI, Aither
Engineering and Purdue
University with support from
Sandia labs completed a new
CX-100 with fully integrated
FBG strain instrumentation and
accelerometers for real time
measurement on a NWTC test
turbine at Bushland, Texas.

* Test panels with embedded
fibers as well as mechanical
testing for characterization of
material systems completed to
provide analytical predictive
capability.
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