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Outline

= Background
= Sandia National Laboratories
= Sandia’s Wind Energy Department

= Blade Trends

= |ntroduction to NuMAD (version 2.0)
= Sandia’s Matlab-based blade design tool
= Features and capabilities

= Supporting capabilities to NuMAD
= MSU Wind Composite Materials Property Database

= Sandia Blade Manufacturing Cost Model
= Sandia VAWT Codes
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Energy & Climate PMU ) .

ARPAe, BES Chem Sciences, ASCR, CINT, Geo Bio Measurement & Modeling, Carbon Management, Water
Science, BES Material Science & Environment, and Biofuels

lear Energy & Fuel Cycle

Commercial Nuclear Power & Fuel,
Nuclear Energy Safety & Security, DOE
Managed Nuclear Waste Disposal

Renewable Energy, Energy Efficiency,
Grid and Storage Systems

~ Transportation
y & Systems

Vehlcle Technologies, Biomass, Fuel Cells &
 Hydrogen Technology
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28 Years of wind turbine rotor development
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Blade Trends




Blade Design Drivers ) .
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Sandia Blade Programs ) i,

Aero-Structural Optimization Passive Load Alleviation

Flat-Back
Airfoil

Experimental 100kW (TX-100)

.
Embedded gy Blade Skin Blade Skin

Root
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Blade System Design Study

(BSDS) Blade Sweep Twist Adaptive Rotor

(STAR) Blade

= |ndustry impact: Several current
production and concept blades
use this technology

= |mpact: Common in current
production blades




Sandia

National Rotor Testbed (Current) @

Nominally 27 meter
diameter rotor

= Design and manufacture
sub-scale rotors for the
SWIFT turbines to
emulate a modern,
megawatt scale rotor.

= Enables low-cost field
testing of new rotor
technologies.

= Public rotor design




Blade Design Tools & System Modeling ([@&x.

= Design codes to analyze:
= Structures
= Aerodynamics
= Control

= Aero-servo-elastic
stability

= Manufacturing costs




Introduction to
NuMAD v2.0

“Numerical Manufacturing
And Design”

10
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NuMAD Blade Design Tool ) .

Numerical Manufacturing And Design A N SYS A N al yS | S

for wind turbine blades

= |Information manager for blade Modal —
geometry, materials, and layup.

= Enables many types of analysis,
including Finite Element Analysis in
ANSYS

Stress &
Strain

Buckling




Blade Design Cycle | ot
Repeat design loop until all design
requirements are satisfied.

Design Performance ,
Review

: |
(1) Maximum Will not break
Strain J

(2) Tip Will not
Deflection } strike
tower

| : '/ No turbine vibrations [
(5) Dynamics
and Flutter

J Aero-elastic Stability

(4) Buckling Stable Structure
©))=:10[l=r | Greater than 20 yrs




Usage in the Wind Community

=  Publicly Released NuMAD v2.0

Sandia
ﬂ‘ National
Laboratories

= Sandia’s NuMAD tool began a complete overhaul in 2010.

= |t has been used internally since then with huge success.

= |t was released publicly in April 2013.

= Download Statistics

= Requested by 112 users during
6 month timeframe (May-October)

52% of requests from Academia

12% of requests from Laboratories

Remaining 36% split between Individuals,
Manufacturers, Consultants, Certifiers,
and Other

NuMAD v2.0 Requests by Organization Type,
May-October 2013

Consultant Certifier
Other 6% 3%
7%

Manufacturer
9%




NuMAD v2.0 Interface =

[Ty
NuMAD - C:\Users\brresor\Documnents\BladeModels\ Nu2MADACXL00_v1.0\CXL00_v1.0.nmd 2 ___ —_
- o
File Blade View Materials ANSYS Plo3D Advanced |
Line Type ol = k]
£ 05
natrt Rew afle = Aew: 3 = (] 1
| tpwmim) | Ofseiml | Siopeimim) i5
E i it 02 ] [} ] [] bl
« I it
—
5z
@
— Station Parameters. 04
Airfoi NPS_0450_110f - [ ) ) 06 S
TE: round - . 2 4 [3 [ "
Distance from root: 0 m -
Chord length: 1 moow
Twist of station 0 deg -
Normalized X offset: 03
Aerodynamic Center: 025

[ Modify Skin Material Divisions. ]

<= Prev. station] sta: Next Station =» |
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[ New Station ]

[ Done: ] c enter 1,48, 14, 16, 18, 20,20, 22. 23,24, 26, 27. 28.29. . 3

[ cancel ]

5ol reen ines are sistoos selectes for BOE analysa. Save snd Cese | | Cancel

[ Delete Selected Station

 Skin Material Division Point; Shear Web:
number. ~] [ pektenr | number. ~] [ pestesw | (B NGMAD - modify composite

type:  [singe | [munseect material | *“UNSPECFED*" -]
— Composte material

surface: [Lower (HP) ~ station
Material Name CX_0194_Spar
Reference: -

chordal distance lowerpe: | | [ -]

surface distance:

Symmetry: none

nsert Layerafier  v|  Layer
Material Thickness | Orientation
m) (degrees)

1 | gel_coat ~  1.3000e-0¢ 0 -
[ 2 |matnps ~  3.8000e-04 =
[ 3 |osuios_nps - 0.0015 0
[4 |cs20mps o 0.0040 ol |

Save Changes. ] [ scara changes




Additional Features/Capabilities (1) .

=  OQutput from NuMAD for CFD mesh
generation

= Enables CFD and structural analyses to
originate from the same blade definition

= Implemented an improved classical
flutter analysis tool
= Capability is directly integrated within

NuMAD
= Enables “quick check” of wind blade flutter
margins
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Additional Features/Capabilities (2)

mmmmmmmm

e Developed new object-oriented
approach to represent blade
Information

 Developed a combined aero-
structural optimization framework
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Example Applications of NUMAD (@i




Supporting
Capabilities to the
NuMAD toolbox




Composite Materials Database ) ..

Characterize static and
fatigue properties of blade
materials from suppliers
(resins, fabrics, adhesives,
cores), and laminates and
structural details from
blade manufacturers.

Qat-112 | S |

Results published in 228
Composite Materials G20 Bty
Database since 1989 5 AT S
10 o Tl
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Sandia Blade Manufacturing Cost
Model (version 1.0)

o« Components of the Model:
— (1) Materials, (2) Labor, (3) Capital Equipment

— Detailed Labor Breakdown by major operation

40m All-Glass: Finishing 100m All-Glass: Finishing Menufacturing Cost Tool: Vers
Labor-Hours | ; Labor-Hours Inspection | =
nspection Trim, and
Balance ’ ’
, Trim, and Balance Wet Lay- T S
and and S i e R g e
. 7Wet Lav- . up ERIIER LA e e mmm———
Loading / Loading 13% el
: up % 1 )
12% 3%
23% ’ 2% SANDIA REPORT
\Cu re Sty Large Blade Manufacturing Cost Studies
T-Bolts \ 1% Using the Sandia Blade Manufacturing
\ 0) Cost Tool and Sandia 100-meter Blades
4% \
\,Edge PR We————
Cure Finishing e
5% 4%
—Edge
Finishing
9% h--l—- |

One example: An analysis of labor costs shows the growth in labor hours for area-driven
manufacturing tasks such as paint prep and paint as blades grow longer.
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Sandia VAWT Codes List =

= Geometry/Modeling & Post-processing
= VAWTGen Code

= Aerodynamics
= CACTUS code

= Structural Dynamics
= OWENS code
= Features: Modal, Transient, Static

= Hydrodynamics
= WaveEC2Wire code
= Notes: Coupled with OWENS




Questions? )

Numerical Manufacturing And Design

for wind turbine blades
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