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= Wind turbine blade design

- Spar caps are designed to carry
majority of the load

Introduction

- Shear webs support the shell structure, transferring load

between skins

- Unsupported skin panels may buckle in compression. Buckling

load is an important design load case.
m Considerations in Buckling Load calculation

- FE blade model: element type, mesh size, material layup
- Load definition: point load, line load, pressure distribution

- Linear and non-linear buckling
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Buckling and CFD
Pressure Dlstrlbutlon

mLiu, W.,, Ma, Y., Su, X., and Huang, K
“Buckling Analysis of Wind Turbine Blade
Using Pressure Distributions Obtained from

CFD,” Power and Energy Engineering
Conference, APPEEC, 2009.

= Number of CFD grids was an order of
maghnitude greater than number of shell
elements

® In our present work, we did not consider CFD
pressure distribution, but we may in future
work
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Motivation

m Although CFD pressure distribution is the closest to reality, the
blade designer needs tools which can do iterations quickly

m Aeroelastic model of the wind blade is generally reduced down
to a simple beam model for computational efficiency

- The aerodynamic loading typically consists of two forces and a

moment applied at the center of each beam element in the
one-dimensional beam

- Can anything be gained by mapping the line of point loads to a
“pressure-like” distribution?
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Objective

m Task 1: Develop a consistent methodology for mapping one-
dimensional distributed beam loads to a three-dimensional
shell structure

m Task 2: Apply the mapping technique to the panel buckling
problem, comparing with other simplified methods of defining
the load

m Why buckling analysis?

- We suspect that buckling could be sensitive to the distribution
of forces over the skin.
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Load Mapping
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Load Mapping Solution

m, 1 0 07/%\ [E/N
0 0 m, 1|)Ex{_|E/N
0 0 My M| | %y M /N
—y, —m, 0 0 1\by 0 N o relative to the x-axis
m, = mean(x; —x,] ™My = mean ((x;—x,)%) 5825 1% -
1 1
m, =mean(y; —y) my, = mean (v — v )*) & ] @)

5825 Pressure Distribution, angle-of-attack = 0 deg 5825 Pressure Distribution, angle-of-attack = 8 deg

Mapped Modal Loads (Fx=0.16 Fy=0.33 M=0.0623) Mapped Nodal Loads (Fx=0 27 Fy=0.73 M=0.048)

(1) Somers, D.M., “The S825 and S826 Airfoils,” NREL Contractor
Report NREL/SR-500-36344, January 2005. @ Sandia Nationial labaiatingios
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Blade Model

m Sandia Labs has developed a NuMAD model of the WindPACT
1.5MW blade design

m For this work: :
- 5,178 SHELL281 elements
- 14,966 nodes

m Blade loads taken from
simulation at rated wind
speed of 12 m/s

ELEMENTS
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Static Analysis:
Deflected Shape

NODAL SOLUTI ONM(

STEP=1 .

SUB =1
TIME=1
UsuM (AVG)

DMX =2.175
SMX =2.175

2.175 m tip
deflection

NODAL SOLUT¥§E:‘

STEP=1
SUB =1
TIME=1
usuM (AVG)
e} al

DMX =2.205
SMX =2.205

2.205 m tip
deflection

NODAL SOLUT%E >

STEP=1
SUB =1
TIME=1
USuM (RVG)

DMX =2.193
SMX =2.193

2.193 mtip
deflection

.489947 .979894 1.47 ) T
.244974 .734921 1.225 1.715 2.205

487345 '.974691" 1.462 1.948 Sandia National Laboratories
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7. Sparline-load Eigen (Linear)

RSYS=0

Buckling Analysis

m In all three approaches, some
modes are spurious

® Indicates problems with trailing
T o T rs P ums o edge elements

ANSYS
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- », 6N result set
“zen  bead multiplier = 1.691

Eigen Buckling Analysis

m First real buckling mode has Load
Multiplier of 1.7

m The approaches produce similar
buckling shapes

m The Line-Load has more spurious
''''' modes (6" result vs. 3"4/4th)

. 4" result set
B e Load multiplier = 1.71

O 3dresult set
= (L@Ad multiplier = 1.717
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. . 10 result set

Rt ‘VI'_“oa‘c‘I multiplier = 1.915

Eigen Buckling Analysis

m The Distributed-Load model
appears to be less sensitive to
Geometry/Meshing Quirks
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1
NODAL SOLUTION
by <
SUB =11 E
FREQ=1.969

- 11™result set
‘Load multiplier = 1.969

)
RSYS=0

DMX =.001397
SMX =.001397

0 ) .311E-03 L621E-03 .932E-03 001242

.155E-03 .466E-03 .776E-03 .001087

.001397

1

NODAL SOLUTION
s
SUB =6 "~
FREQ=1.962

6! result set
Load multiplier = 1.962

)
RSYS5=0

DMX =.002517
SMX =.002517

001678 002237

.001957

001118
.839E-03 .001398

0 ) .559E-03
.280E-03

.002517

Eigen Buckling Analysis

NODAL SOLUTION

RSYS=0
DMX =.601E-03
SMX =.601E-03

.667E-04

7t result set

“load multiplier = 1.982
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NODAL SOLUTION
i —
SUB =15
FREQ=2.184

. 15Mresult set
Load multiplier = 2.184

)
RSYS=0

DMX =.545E-03
SMX =.545E-03

0 ) . 121E-03 .242E-03 .363E-03 .484E-03

.605E-04 .182E-03 .303E-03 .424E-03

-545E-03
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NODAL SOLUTION
e
SUB =8 @
FREQ=2.168

. 8" result set
Load multiplier = 2.168

)
RSYS=0

DMX =.473E-03
SMX =.473E-03

.316E-03 . 421E-03
.368E-03

.210E-03
.158E-03 .263E-03

0 ) .105E-03
.526E-04

.473E-03

Eigen Buckling Analysis

NODAL SOLUTION

RSYS=0

DMX =.478E-03
SMX =.478E-03

.531E-04

8th result set

‘I:anil‘ multiplier = 2.167
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m However, Distributed-
Load model does still
display oddities at times

SMX =.003564

m Need to clean up |

.396E-03 .001188 00198 002772 003564

NODAL SOLUTION -
STEP=1 / > NODAL SOLUTION
SUB =15 : STEP=1 X
FREQ=2.56 SUB —14

USUM (avG) FREQ=2.497

RSYS=0 5 USUM (ave)
DMX =.002854 s RSYS=

SMX =.002854 N DMX =.002296
S SMX =.002296

»

.

.510E-03 00102 .00153 002041
.255E-03 .765E-03 001275 001786 002296
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Summary of Results

2 /&4

SET Spar Force Line Spar and L.E. Force Lines Nodal Forces
LOAD MULTIPLIER LOAD MULTIPLIER LOAD MULTIPLIER
1 0.75634 1.0741 1.0145
2 0.96211 1.4036 1.3384
3 1.2193 1.7167 (1st) 1.6605
4 1.4811 1.7583 1.7104 (1st)
5 1.6202 1.8807 (2nd) 1.8594
6 1.6908 (1st) 1.9619 (3rd?) 1.8916 (2nd)
7 1.7315 1.9888 1.9824 (3rd)
8 1.8183 2.1684 (4th) 2.1667 (4th)
9 1.9033 2.2161 (5th) 2.2166 (5th)
10 1.9147 (2nd) 2.2662 (6th) 2.2665 (6th)
11 1.9695 (3rd?) 2.3698 (7th) 2.3697 (7th)
12 1.9994 2.4448 (8th) 2.4397 (8th)
13 2.0468 2.4676 (9th) 2.4673 (9th)
14 2.1256 2.5834 (10th) 2.4970
15 2.1838 (4th) 2.6168 2.5605
16 2.2086 2.6643 2.5855 (10th)
17 2.2251 (5th) 2.6937 2.6023
18 2.2732 (6th?) 2.8206 (12th) 2.6297
19 2.3016 2.8516 2.6800 (11th)
20 2.3727 2.9312 2.8215 (12th)
(1) Sandia National Laboratories




Non-linear Buckling

m Linear buckling analyses can be non-conservative
m Buckling with non-linear displacement was analyzed

- Used four-node SHELL181 elements (solution would not
converge with SHELL281 elements)

- Introduced displacement defect to initiate buckling

+ Shape taken from linear buckling analysis
+ Amplitudes of 10, 20, and 50 mm

W () Sania National Laboratores
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Spar & L.E. Line-Load

Non-linear Buckling Results

Nodal Forces

Imperfection | Spar and L.E. Force Lines Nodal Forces
Size LOAD MULTIPLIER LOAD MULTIPLIER
10 mm 2.08 2.28
20 mm 2.00 2.19
50 mm 1.93 2.17

i
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Conclusions

m We demonstrated a technique for mapping 1-D beam loads to
FE model

m This blade model exhibited fewer spurious modes when loaded
in both flap and edge

m Overall, results for this blade were relatively insensitive to load
application method. Distributed loading may be important for
non-linear buckling analysis.

m We will use this sort of analysis to improve our WindPACT
1.5MW model and support large blade designs.
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Thank You
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