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INTRODUCTION

BladeFS (Blade Fatigue Static) is a MATLAB® script that was developed to determine loads and
deflections associated with fatigue and static structural testing of wind turbine blades using matrix
based finite element analysis. Features include blade property and target test load generation
functions, saddle and winch optimization routines, a simple graphical user interface, an easy to

manipulate excel input file, and word and excel summary output files.

The finite element model of the wind turbine blade utilizes rigid-body, lumped mass, Timoshenko beam
theory with six degrees of freedom (flapwise displacement and rotation, edgewise displacement and
rotation, axial displacement, and torsion). Blade property and target test load generation functions are
based on historical data from horizontal-axis, three-bladed, land-based, utility scale wind turbines with
blades ranging 9 to 60 meters in length. Mode shapes and excitation frequencies are computed using
Eigen analysis with a cantilever beam boundary condition (twist coupled using Euler angles). Work on a

more detailed theory manual is currently in progress and will be made available in the near future.

Blade Finite Element Model
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DISTRIBUTED FILES

Here is a list of the files included in the BladeFS archived distribution folder.

YV V. V VYV V VY

BladeFS_UserGuide — This user guide in pdf format.

BladeFS — Runtime application in executable format.

SamplelnputFilel — Example input file with known blade/test parameters in excel format.
SamplelnputFile2 — Example input file with unknown blade/test parameters in excel format.
AlphaChangelog — Change log in text format.

Disclaimer — Disclaimer agreement in text format.
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INSTALLING THE CODE

In order to run BladeFS, the MATLAB® Compiler Runtime (MCR) must be installed first, which will require
about 432 MB of hard drive space. The MCR is a standalone set of shared libraries that enables the
execution of MATLAB® scripts on computers without an installed version of MATLAB® and associated

licensing. This only needs to be installed once.
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INPUT FILE

The input file is an excel spreadsheet, which was chosen for ease of data manipulation to help reduce
setup time. The input file must contain the following worksheet tabs: blade data, load data, saddle
data, and winch data. Additional worksheet tabs are allowed. The order of the tabs does not matter,
the data does not need to start on a specific cell, and the length of the data does not matter. However,
it must have the correct formatting and cannot be preceded by other numerical information. The two

sample input files are explained in further detail as follows.
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1 Blade Data

4 Station (4] Station (m) MPL (kg/m) Chord (m)  Flap EI ['m~2) Edge EI (N'm*2)  GJ (W'm~2) EA (N) Twist [deg)

s 0.00 000 1984 49 219 1.34E+10 1.34E+10 7 90E+09 134E+12 15.00

[] 0.02 0.98 289.61 227 2.97E+09 2.76E+09 1.75E+09 2T6E+1 1358

8 0.07 283 21M 249 220E+09 2.57TE+09 1.29E+09 25TE+11 10.87

9 0.10 3.9 295.76 263 1.89E+09 2.50E+09 1.11E+09 2.50E+11 9.62

10 012 4388 297381 278 163E+09 243E+09 §.5TE+08 24341 892

hil 0.15 585 299897 29 1.40E+09 2.38E+09 8.24E+08 2.38E+11 813

12 017 6.83 301.92 3144 1.20E+09 2.33E+09 7.09E+08 23E+1 T43

13 020 7.80 30397 33 1.04E+09 2.28E+09 €. 10E+08 228E4N 680

15 024 976 30333 348 T 68E+08 2.02E+09 4 51E+08 2026411 568

16 021 1073 294.00 340 6.60E+08 1B1E+03 3.BBE+08 1BIE+1 517

18 032 1268 21532 323 4 89E+03 146E+09 2.88E+08 14BE+11 4N

19 03 1366 26599 315 4 21E+03 1.31E+09 248E408 1E+N 375

20 037 1463 256 65 307 362E+08 1.18E+09 213E+08 118E+11 330

il 0.39 15.61 41N 295 3.12E+08 1.06E+09 1.83E+08 1.06E+11 286

2 (XS] 16.59 arr 290 268E+08 9 46E+08 1.58E+408 946E+10 244

2 044 17.56 22864 282 231E+08 B 46E+08 1.36E+08 846E+10 202

24 0.46 18.54 219.30 274 1.98E+08 7.5TE+08 1.17E+08 TETE+10 1.62

% 043 1951 20996 266 1.71E+08 6. 76E+08 1.00E+08 BTRE+10 124

2% 0.51 2049 200.63 257 1.47E+08 6.03E+08 8.64E+07 6.03E+10 0.87

8 056 24 18185 24 1.09E+08 4 TIE+08 € 40E+07 4TIE10 020

29 0.59 2341 17262 233 9.36E+0T 4 26E+08 5.51E+07 A.26E410 -0.11

30 061 2439 163.26 224 B.0BE+0T 3.T9E+08 A T4E+0T 3TIE+10 -0.39

N 063 531 15394 216 6.93E+07 3.36E+08 4.08E+07 336E4+10 065

32 0.66 26.34 144 61 208 5.96E+0T 2 98E+08 351E+07 2 98E+10 -0.90

33 068 ik 13527 200 513E+07 263E+08 3.02E+07 2B3E+10 1.11

3 on 2829 12593 192 4426407 2.32E+08 2 60E+07 2322410 -1.31

35 0713 2921 116.60 1483 3.80E+0T 2 05E+08 2 24E+07 2.05E410 1.50

3 076 3024 107.26 175 327E+07 1.80E+08 1.92E+07 1.80E+10 1.66

Eld 078 nzz 9792 167 281E+07 158E+08 1 66E+07 158E410 -182

38 0.80 3220 8859 159 2428407 1.39E+08 1426407 1.39E+10 1.96

39 0.83 EERE 79.25 1.50 2.08E+07 1.21E+08 1.23E+07 1.21E+10 2.08

41 0.88 35.12 6058 1.3 1.54E+07 9. 4E+07 9.0TE+06 9.14E+09 2N

42 0.90 36.10 5124 1.26 1.33E+07 7.90E+07 T.BIE+06 T90E+09 241

43 093 nor 4190 1147 1 14E+07 6 BOE+07 6 T2E+06 6 BOE+03 250

44 0.95 38.08 3287 1.09 9.83E+06 5.83E+07 §.TBE+06 S.BIE+09 2.56

45 0.98 39.02 23 1.01 B 46E+06 4 96E+07 4. 9TE+06 4.96E+09 2.60

45 1.00 40.00 1339 093 7285406 4208407 4286406 420409 262

Home muas  Data  Review
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1 Blade Data
2 Sampla Input File 2
4 Smlon(w . Station(m)  MPL(kgm)  Chord(m)  FlapEl (N'm*2) Edge E1 ('m*2) GJ(N'm*2) EA (H) Twist {deg)
5 0.00 0.00 000 .00 0 0.00E+00 0.00E+00 0.00E+00 0.00
6 100 40.00 000 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000
7
8
9
10
"
12
13
1

Sample Input File 2 — Blade Data Tab

The blade data tab (must be named "blade data") contains the blade properties which consists of the
percent blade station (%), blade station (m), mass-per-unit-length (kg/m), chord length (m), flap stiffness
(Nm?), edge stiffness (Nm?), torsional stiffness (Nm?), axial stiffness (N), and twist (deg), in that order
and those units. If a property parameter is unknown, put zero and the code will develop a prediction
(except for twist). Since the predictions are based on blade length, the user must specify at least two

blade stations — the root and tip (as shown in Sample Input File 2).
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1 Flap Load Dota Edge Load Data
2 Sample nput File 1 Sample Input File 1
3
s Fatigue Test Static Tost Fatigue Test Static Test
5 Suton(m)  Range(N'm]  Mean(W'm)  Target(N'm)  Station(m)  Range 'm)  Mean (N'm)  Target (N'm)
5 0.00 GATEA4 1780382 S9062T5.46 0.00 4100582 17TR0NISZ  3202614.00
i 098 7128228 169232973 56216786 098 05415435 16923973 312u4927
] 195 3394950.22 1608770.94 534410856 1.95 3093480 48 1608770.94 2970170.08
9 29 322308226 152732758 507356526 293 2936871431 152732750 201980644
10 350 SETBAD  1UTIEZ  4B1004306 350 MmEE 14792 267IMEIS
1 488 2892738 65 1370787.08 4563559 96 488 2635865.03 1370747.08 2530795.80
2 585 26299 120568995 43040975 585 29146183 129560995 239214881 1
1 58 2025145 122270823 406186305 58 ZEEs2 122210823 225TT I
1 780 24300400 115184192 382625524 780 2Uses1 115184182 21265M1.47
1 878 28562066 108309102 359TATAS3 878 208265879 108309102 199964113
1 976 21500142 101645554 37652093 976 15452645 101645554 167661633
7 1n 200884628 95193547 316218442 10.73 63046182 95193647 1757497.08
B nn 187715525 68953081 295489500 17 MI0E4BE  B89EI0B1 164228339
19 16 17499872 9M1ST 275162269 1268 159453563 B29M157 153097520
0 1366 162016549 TI0GTTI | 256137748 1366 UE6TA08  TTI0ELTI  1a236T2e4
2 ue 160806676 71600931 2376169.35 1463 08021 71600931 132007559
2 156 139503214 66106630 219596834 1561 WS40 66106630 122048409
2 1659 128566162 6039870 202380443 1658 1TUSSET 60329870 1124TSBAL
2 156 116076620 66962652 185066761 17.56 07E904T8 55952652 10301773
5 s 108031289 51874 170055789 1854 9438169 51192974 84514288
% 1 984334 68 46614838 154947525 18.51 196526.25 4554838 85117357
27 20439 892820 57 42308243 1405419 74 2049 813538 59 42308243 781109 82
#2146 505770 56 JavE 12639132 2145 34218 58 38183138 704351 61
3 na 723184 66 M6677 11300999 24 650966.26 342696.77 632690.95
N B4 545062 86 30567706 101541575 2341 55778163 305677.08 56435184
ET TS 571405 16 20077278 899458 63 239 520864 70 Zm2Te 49028
2 ®y 50221157 237583 67 75054860 2637 457615 46 257983 87 43937427
3 »u 437482 08 20731038 888655 67 2634 398633 91 20731039 27381
u oz 37721669 178752.33 593789 84 73 33720 05 7875233 330018.90
B 2 2141841 162309.68 508951 11 2828 262673 89 162308 68 28119953
% B 2r0078 22 12788244 2613947 227 246095 42 12738244 23628572
7w 22320514 105770.61 35136549 2 203384 65 10577061 195277 45
B a2 180796 17 85674 19 284597 50 32 16474156 8567418 188174.74
3 w2 14286129 67693.19 22486716 220 130166.17 6769319 12497757
0 mu 109370 52 51627 60 72163 92 nw 99658 48 51827 60 9568595
a1l us 80353.85 38077.42 126487.78 3.1 1847 3007742 70299 88
2 ®mw 5500129 264265 87838.73 12 50846.16 261265 48919.35
43 3610 35712.82 16923 30 56216.79 3610 3254154 16523 30 3124439
ul w0 20088.45 9619.35 621,84 0 18304 62 951936 1757497
F T 592821 2n8 1405420 3805 813539 23082 7811.10
46 3902 223205 05T ™M 351355 3902 203385 1057.711 195277
a7 4000 0.00 000 000 4000 0.00 0.00
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£ —
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[ 0.00 0.00 000 0.00 000 0.00 0.00 0.00

2

]

9

10

i 1
12 1
13

14

Sample Input File 2 — Load Data Tab

The load data tab (must be named "load data") contains the target test loads which consists of the blade
station (m), fatigue range load (Nm), fatigue mean load (Nm), and static load (Nm), in that order and
those units, for both the flapwise and edgewise directions. If a load parameter is unknown, put zero and
the code will develop a prediction (you do not need to specify stations as the code will obtain blade

length from the blade data tab).
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1 Saddle Data

2 Sample input File 1

3

4 Location () Weight () Lower Limit (N} Upper Limit (N}

5 RTS 8.00 16724.00 000 1000000 00

6 Saddle 1 16.00 33261.00 000 1000000.00

7 Saddle 2 2.0 5782 00 [0 100000000

8 Saddled 3200 4893.00 0.00 1000000.00
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1 Winch Data

2 Sampla input File 2

3

4 Location (m) Load (N} Limit {N)
0.00 000

5 Winch 1 400000.00
& Winch 2 000 0.00 400000.00
7 Wineh 3 0.00 000 200000.00
& Winchd 0.00 000 200000.00
9 Winch 5 0.00 0.00 200000.00
10 Wineh § 000 000 200000.00
11 Winch 7 0.00 000 100000.00
12 Winch 8 0.00 0.00 100000.00

"

Sample Input File 2 — Saddle Data Tab

The saddle data tab (must be named "saddle data") contains the saddle configuration which consists of
the location (m), weight (N), lower weight limit (N), and upper weight limit (N), in that order and those
units. For a fatigue test simulation, the resonant test system (RTS) must be specified in the first row
with additional saddles in subsequent rows (as shown in the sample input files). If a saddle parameter is
unknown, put zero and then select the yes option for the saddle optimizer to optimize the saddle
locations and weights based on the selection of either the range or mean option in the saddle optimizer
target load box. There must be a row for each saddle in order for the code to determine the desired

number of saddles.
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-2 Copy
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|
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4 A
1 Winch Data
2 Sample input File 1

3

4 Location (m) Load {H) Limit {N)
5 Winch 1 8.00 16190.00 400000 00

& Winch 2 16.00 16553.00 400000.00
7 Wineh 3 24.00 2300 00 200000.00
& Winchd 3200 105467.00 200000.00

=) ko = 5 5 B o= 5 e M1 o e 7| K Autasum - _
B, arial o )& &= ==l o] | pwapres |[seners B 4| tiomal_STAR_ | Nomnal Bad Good Neutral | e D QT o) |
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1 Winch Data
2 Sampla nput Fie 2
3
s Location ()~ Load () Limit ()
5 Winch1 0.00 000 £00000.00
5 Winch2 0.00 000 200000.00
7 Winen3 000 000 200000.00
8 Winch 4 0.00 000 200000.00
3 Winch 5 000 000 200000.00
10 Winch § 000 00 200000.00
11 Winch 7 0.00 00 100000.00
12 Winch 8 000 000 100000.00
1

Sample Input File 2 — Winch Data Tab

The winch data tab (must be named "winch data") contains the winch configuration which consists of
the location (m), load (N), and load limit (N), in that order and those units. If a winch parameter is
unknown, put zero and the code and then select the yes option for the winch optimizer to optimize the
winch locations and loads based on the static target load and test direction. If the blade direction and

test direction are the same, then the saddle weights will contribute to part of the applied test load.

10
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RUNNING THE CODE

Once the input file is created and MCR is installed, the code may be run by double-clicking on the
BladeFS application executable icon. This will initiate the BladeFS graphical user interface (GUI)

accompanied by a command prompt window. Selecting the type of test (fatigue or static) will

automatically adjust the available GUI options.

<) BladeFs
%5’:" —
National Renewable Energy Laboratory
Innovation for Our Energy Future
BladeF$S
y1.00.008-myjd
— TYPE OF TEST BLADE DIRECTION— TEST DIRECTION—— DAMPING
& Fatigue Test & Flap & Flap & Predicted
" Static Test " Edge " Edge " User Defined
" Dual-Axis IT o
— INPUT FILE
_ Browse | | Alpha Blade BLADE NAME
Mo File Selected

I 100 NUMEBER OF ELEMENTS
I 0.15 FLAP ACTUATOR STROKE
I 0.15 EDGE ACTUATOR STROKE

— OPTIMIZER

— SADDLE
 Yes
@ Mo
— SADDLE OFTIMIZATION TARGET LOAD——
& Range ¢ Mean SSTATUS=
=IDLE=

BladeFS — Fatigue Test Option

11
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The blade direction option allows the user to select the primary orientation of the blade with respect to
horizontal. This affects the mean loads for fatigue tests and the contribution of gravity loads for static
tests. For example, if the blade direction = flap and the test direction = flap, then there would be a
mean load component for fatigue tests and the applied test load would be the combination of winch

loads and the gravity load for static tests.

The test direction option allows the user to select the primary test direction, which defines the targets
for the saddle optimization routine (with the assumption that the saddles should be optimized in the

flap direction for a dual-axis test).

The damping option allows the user to select whether the code should estimate the damping or use the
specific damping value provided. If the user defined option is selected, the damping value must be

between zero and one hundred.

The input file option allows the user to select the input file, which can be located in any folder or

directory.

The blade name option allows the user to specify the blade name. This can be used to identify specific
runs as the output files will be located in a folder with that name. No special characters are allowed.

The number of elements option allows the user to specify the number of elements used for the blade
finite element model. The number of elements value must be equal to or greater than one. Note that
increasing the number of elements will increase the computation time, but generally provides more

accurate results.

The flap and edge actuator stroke options allow the user to specify the dynamic stroke lengths of the

resonant test system actuators.

The saddle optimizer option provides the user with a built-in optimizer tool to determine saddle
locations and weights based on either the range or mean fatigue target test loads. If the optimizer is
selected and the saddle locations are specified in the input file, the code will only optimize the weights.

If the saddle locations are not specified, then the code will optimize both the locations and weights.

12
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Pressing the run button will initiate the test simulation. The button will turn green during computation,
and then back to gray when idle. If an option is not properly selected, the button will turn red. There is

status indicator text below the run button which will display a brief description of any error.

<) BladeFs M=l 3

-

National Renewable Energy Laboratory
Innovation for Our Energy Future

BladeF$S
v1.00.00-mjd
TYPE OF TEST BLADE DIRECTION— TEST DIRECTION——
 Fatigue Test = Flap & Flap
& Static Test " Edge " Edge
— INPUT FILE

M | Alpha Blade BLADE NAME

Mo File Selected

I 100 NUMBER OF ELEMENTS

— OPTIMIZER.
— SADDLE WINCH
 Yes " Yes
LG & Mo

RUN

=STATUS=

— SADDLE OPTIMIZATION TARGET LOAD——
& Range ¢ Mean

=IDLE=

BladeFS — Static Test Option

Since most of the GUI options are the same for the static test option, only the differences will be

explained here.

13
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Again, the test direction option allows the user to select the primary test direction, which defines the
targets for the winch optimizer (with the assumption that if the blade direction and test direction are
the same, then the applied test load and corresponding winch loads will be reduced by the combined

blade and saddle loads).

The winch optimizer option provides the user with a built-in optimizer tool to determine winch
locations and loads based on the static target test loads. If the optimizer is selected and the winch
locations are specified in the input file, the code will only optimize the loads. If the winch locations

are not specified, then the code will optimize both the locations and loads.

14
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OUTPUT FILES

The results are compiled in a word document and an excel spreadsheet. Both output files can be found
in the same directory as the BladeFS executable under a folder with the specified blade name. The word
document provides a summary report with figures of the blade properties, loads, and deflections. The
excel spreadsheet contains the numerical values for the blade properties, loads, deflections, saddles,

winches, and other test parameters.

15
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FEEDBACK

We are interested to hear your feedback about the code. Please send your comments and questions via
email to:

Michael J. Desmond Jr.
BladeFS Developer
michael.desmond@nrel.gov
303.384.7121

_Or_

Marshall L. Buhl Jr.
Webmaster
marshall.buhl@nrel.gov
303.384.6914

16
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