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Problem and Strategy

= Simulation and analysis demands associated with aggressive
Sandia wind energy technology projects constantly push the
limits of the state of the art in wind turbine blade structural
and full system aeroelastic simulation
m Strategy:
- Utilize a hybrid of existing design codes and in-house
developments to meet Sandia needs
- Complement the NREL NWTC Design Codes and commercially
available codes

- Create new capabilities only when capabilities do not exist

r11! Sandia National Laboratories




ade Design with NuMAD
ANSYS FE Model ANSYS Analysis

NuMAD: (
Numerical Manufacturing
And Design Tool

- Blade Geometry

Buckling

S s st

Materials & Layups

DbliBias

Balsa

DbiBias
“e Mat

_“_____Stack Placement_ﬁ

Beam Properties




®  Wind turbine blades include
- Variable section shapes

with twist,

Multiple materials and
composite layups (glass,
carbon, balsa, foam, epoxy,
adhesives)

One or more shear
webs

Aerodynamic and
structural dynamic
loads applied to the
model

oelasticity: The Structural
Design & Analysis Cycle

Full system aeroelastic simulation
FAST or ADAMS & AeroDyn

WindPACT 1 5MW NTMA 16 m/s
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Beam Model:
Up to 6 DOF per node
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NuMAD History

(Nu)merical (M)anufacturing (A)nd (D)esign tool for wind turbine blades
Released initially ~2001 at Sandia; written in Tcl
Experienced a few hurdles along the way:

- Concerns regarding offset node shell element formulations

+ Created motivation for development of tools such as PreVABS/VABS as well as 2D sectional analysis
approaches; some pursued blade models made of brick elements

- Concerns regarding amount of time required to build and solve models

- Concerns about an increasing number of bugs in NUMAD, likely associated with
more recent operating systems

A NuMAD tutorial was held at this workshop 2 years ago where it was decided to
pursue a major update of the NUMAD tool for the benefit of Sandia users, as well as
users in the research community at large

The beginnings of a Matlab-based NuMAD was born in late 2010

Public release of new version planned for end of summer 2012
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® A 9m Sandia CX-100 example:

NuMAD Interface

B NUMAD - CA\Users\brresert Decuments\ BladeModels\ MuZMADVCXL00_v1 DA\CX100_v1 0.nmd
File Blade View Materials AMNSYS Plot3D Advanced

B NUMAD - blade reference line

=]

— Station Par;
Airfoil NPS_0450_110f
TE: round
Distance from root 0 m
Chord length 1 m
Twist of station 0 deg
Normalized X offset: 0.3
Aerodynamic Center: 0.25

Modify Skin Material Divisions

<= Prev. Station| Sta Next Station ==
Check Blade Data ;

[ New Station ]

Done

Cancel

Delete Selected Station

surface: |Lower (HP)
% chord:
chordal distance:

surface distance:

— Skin Material Division Points Shear Webs
number: Delete DP number: Delete SW
type: single “UNSPECL.. material | “UNSPECIFED™

station:
Upper DP:
Lower DP:
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Click on stations to select/ deselect, or enter station numbers:

Blue triangles are positioned at recommended 5% span spacing
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Thanks to Jonathon Berg of Sandia for his dedication and
meticulous work toward a complete overhaul and upgrade

of NuMAD!
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Solid green lines are stations selected for BPE analysis. I T D ] I Eeries] I
B NuMAD - modify composite
— Composite materi
Material Name: CX_0194_Spar
Reference: e
Symmetry: none ¥
nsertLayer after  v| Layer [1 | [Go |
Material Thickness | Orientation
(m) (degrees)
gel_coat - 13000804 [
Mat_NPS - 3.8000e-04 o (3
DEM1708_NPS - 0.0015 0
C520_NPS - 0.0040 0
[ Save Changes ] [ piscard changes |




Sandia Blade Models

m CX-100 9m
/ m TX-100 9m
/ = BSDS 9m
m Generic WindPACT 33.25m
Concept
/ ® 62.5m Concept

® 100m Concept
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Sandia Supported Projects

m SNL 100m blade

m Offshore SHM studies

m Active aero load control

m Blade reliability collaborative
m Radar blade investigations

m Sensor blade 1 & 2

m Hydro blade acoustics

m Scaled underwater turbine
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New Features of NuMAD 2012

m Matlab-based user interface
- Fast
- Bug free

- Easy to customize and develop
= Sweep and/or prebend
m Excel input
m Output for CFD geometry
m NREL FAST Blade file output
- 2D method: NREL PreComp
- 3D method: Beam Property Extraction (BPE)
m Classical flutter analysis
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Blade Sweep/Prebend

m Arbitrary blade reference axis can be defined
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Excel Input

m An advanced user feature

m Enables easy parametric inputs

BN MuMAD - C:\Users\brresor\Documents\
m Automatic computation of intermediate [Fie] sade view Materisls  anSYs

airfoil shapes New Model
e e.e Open Model...
m Easy definition of numerous ply drops Save

Save fs..,

m Easy definition of layup stacks; similar to Configure Pathe..

manUfaCturing draWingS Convert Legacy NuMAD...
XL5-to-NuMAD...

m Easy sharing of blade model information -

W (1) Sania National Laboratores
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a MNuMAD - Plot3D options
— Plot3D options

Output for CFD Geometry

NuMAD -> Plot3D data format

CX-100 B

CaE el
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lade Surface in Pointwise®

Number of panels per blade surface:

Breakpoints (% chord):

Airfoil resampling algorithm:

Additional station interpolation method:

Current station locations (m):

Additional station locations (m):

o
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0.5
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Save Changes

Discard Changes
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= Normal, tangential
and pitching forces
can be mapped from
BEM simulation
(AeroDyn) to all skin
nodes in the blade
model
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Two-Dimensional Approach
® Pros

- Readily and freely available

- Computationally efficient

m Cons
- Limited to 2D analysis
- Simple examples below:

El_flap = j j E(x, y)x2dxdy ,
El _edge = _U E(x,y)y’dxdy ,
GJ = [[G(x, y)(x* + y*)dxdy and

EA = H E(x, y)dxdy
m Chosen Tool: PreComp
- Available from NREL NWTC

Beam Properties Computation

Three-Dimensional Approach
® Pros

- Includes three dimensional effects:
Boundary conditions and warping

m Cons

- Requires creation of the finite element
model

* Undisplaced nodes
= Displaced nodes (exaggerated)

= Chosen"Tool: Beam Property
Extraction (BPE)
- Created by David Malcolm, GEC/DNV

- See Malcolm, 2007 Wind Energy for
more info @ Sandia National Laboratories
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10}

Calculate Beam Properties

Resor,B. “Uncertainties in Prediction of Wind Turbine Blade Flutter.” AIAA SDM 2011
Resor,B. “An Evaluation of Wind Turbine Blade Cross Section Analysis Techniques.” AIAA SDM 2010

Comparing three techniques: BPE, 2D Section & VABS
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Sandia Classical Flutter Capability

m SNL legacy capability (Lobitz, Wind Energy 2007) utilized MSC.Nastran and Fortran
to set up and solve the classical flutter problem.

M + M, (@)}u+[Cc () +C, (@, )+ [K (ug, Q)+ Kig + K (Q)+ K, (0, Q)fuj =0

- Requires numerous manual iterations to find the flutter speed

m A new Matlab based tool has been developed in 2012 by Brian Owens, Texas A&M
- Starting point: Emulate all assumptions of the legacy Lobitz tool

- Continued development and verification: automated iterations, higher fidelity

modeling assumptions
10Flutter Mode Shape

M, C, K Conventional matrices
(with centrifugal stiffening)
M,(Q), C (w, Q), K (w, Q) Aeroelastic matrices
Cc(Q) Coriolis
K(Q) Centrifugal softening
o K. Bend-twist coupling

(m)
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100m Blade

Flutter Parameter Study

m Resor and Griffith. “Aeroelastic Instability of Very Large Wind
Turbine Blades.” Scientific Poster. EWEA Copenhagen, 2012.
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Areas for future research:
m Perform blade beam property validations
- Torsion matters: Passive load alleviation via

bend twist coupling or blade geometry
+ Flexible, nonlinear blades
+ Large deflection blades
m Blade materials response characterization I

m Accurate determination of blade loads
- Especially extreme loads

m Continued aeroelastic instability (flutter) tool
development and validation

- Will be required for very large blade concepts

Future Work in Aeroelasticity

i
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Our Goals

m Provide Sandia and its partners with a state of the art blade modeling

capability and also

m Enable the entire research community to benefit from these developments

to do cutting edge research
= Remainder of 2012 ...

- Package and release NuMAD (source and compiled), supporting tools and

example blade models

- Software will be available by end of the summer on the Sandia Wind Energy

Technologies website
= And beyond ...

- Some time available for maintenance and integration of externally

generated ideas

- There are extensive plans for internal use at Sandia and among partners,

which will drive future developments
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