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Technology Advances

g It IS not necessary to change. Survival is not
mandatory. — W. Edwards Deming

| put a dollar in one of those change
- . machines. Nothing changed. — George Carlin
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Technology Advances

 Nanotechnology
 Wind Energy

e Processing

e Education
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World Funding of Nanotechnology

(2003)
Country Nanotech Percent from
Funding ($MM) Govt. (%)

Japan 1,610 50
USA 1,524 51
China 480 58
South Korea 280 71
Germany 218 o4
Australia 193 48
UK 160 56
5,544 52
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SIZES FROM CARBON FIBERS
TO CARBON NANOTUBES (2004)
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Nanotechnology

__lt IS the next promising technology
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Carbon Fiber: Wind Turbine
Applications (Blades, Supports)



Wind Energy Blade Length Increasing
Drastically — Needs CF to Decrease

Blade Length vs Weight
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Wind Energy Blades — Hand Lay-up,
Resin Infusion, FW and Commercial
Fiber Placement



Blade Manufacture (Lots of
Glass and Core Materials!)









Evolution Growth In Rotor
Diameter

From on-shore to off-shore From high wind to low wind



Approximate Breakout of
Onshore Turbine System Costs

Transportation,
Erection &
Assembly 5-10%

Balance of
Station 20%

Other Components
10-15%
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Tower 10-15%

Blades
10-15%

Non-Blade
Rotor 5-10%

Drivetrain 20%

Balance
Nacelle
10%



Bulk Replacement of
Load-bearing Spar Cap

e European and U.S. studies (circa 2000)
predicted significant weight and cost benefits,
but were based on historically low fiber prices
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Many Aerospace FP Machines;
Only One Commercial FP Machine

o Aerospace FP machines (~35 worldwide):
— Roughly 1-10kgs per hour lay-down rate
— Aerospace 12-24K CF tow prepreg ($130 USD/kg)

— Aerospace applications primarily (aircraft, space
structures & vehicles)

« Commercial FP machines (1-2 known):
— 900-1370 kgs CF In single shift
— Commercial 150K CF tow prepreg ($20 USD/kg)
— Wind energy application (Spain @ Fiber Blade)
— Significant length and process improvement



Quickstep Holdings Limited (“QHL™)
Incorporated February 2001 as
unlisted reporting public company
based in Perth, Australia

Quickstep manufacturing process
developed jointly with CSIRO



The Quickstep Process

* Mold floats on
flexible face
and Is
supported by
the Heat
Transfer Fluid

 HTF is circulated through the chamber to rapidly he  at
and cool the mold

e Equal pressure of 0.1 to 0.3 bar results low-costa nd
light-weight construction of molds



Viscosity, poise

Lower Viscosity Processing

(Toray G83C Automotive Prepreg)
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Quickstep Increases Production Rates
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Property Comparison

Hexcel 914C Aerospace Prepreg

Autoclave Quickstep
Cycle Time (inc. 30 min. at 300 min 110 min
110°C and 60 min. at 180°C)
Tg (DMTA) 200C 208TC
Tensile Strength (Weft) 600 MPa 660 MPa
Tensile in-plane shear 226 MPa 229 MPa
strength
Open Hole Tensile Strength 240 MPa 270 MPa
Interlaminar Shear Strength 75 MPa 83 MPa




Quick Stop!!!

 The Quickstep process
enables the cure cycle to
be stopped and restarted at
any time.
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 Parts can be consolidated
and formed and then final
cured In-situ at a later time.
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Melding

lllustrations courtesy T. Corbett



Truss Grid

Co-cured “Melded” Truss Grid Beam
(no secondary bonds, no adhesive)



Advances In Education

Primer on Composite Materials Analysis,
John Halpin 1968

Wide appearance in 1980s of mechanics-
base courses

Fundamentals of Composites
Manufacturing, A. Brent Strong, 1989

M&P based courses in programs but not
as prevalent



Composites Training*

Degree programs Winona State Univ, BS in
Composite Matls Eng — 1989, ABET in 1994

Univ of Dayton — minor in composite matls

Course offerings (UDel, BYU, PSU, MSU, RPI,
SUNY, UFI, Uut, UWy, VPI)

Continuing Ed (Cerritos, GaTech, Lemay Ctr)

Professional Societies (SAMPE, CFA,
CMA/SME, ASM, SAE, Edison Welding Inst)

Companies (Arabis, Am Comp Edu,...)

* High Performance Composites, Sept/Oct 1999



Survey of Texts

80 4 W Mechanics
70 1 ®m Manufacturing
Percent 604 gntegrated Design
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SAMPE Advances

 Knowledge

— Technology-based distribution — Web-
based, e-articles, on-demand, podcasts

e Network
— Globalization
— Facebook



Conclusions

« Half-life of technology is diminishing

 Globalization increases rate and
number of opportunities

 Resources need to concentrate on
knowledge and network!



