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[1] Approach:
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OBJECTIVES

- Finite element analysis models for large wind turbine
blades

- For the analysis of the impact on the blade structure of
different materials, blade construction options,
turbine configurations, aerodynamic features, control
optionse
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STRATEGY

E parametric processor tool for the creation
& running of the FE model

Better for sensitivity analyses, flexibility,
documenting,re-us abi | I t ye



- E—— E— === = E——— Er— e —

SUPERGEN)
) : WIND ’

- |

Composite materials,
- -~ fibre angles, glass
fibre, carbon
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REALISATION

E Python script for the automation of the
Abaqus FE package

- Fully parametric & automated
- Can easily call routines and data files from
outside Abaqus for input or output



# Rotor & operating conditions variables
B=3 # Number of blades ( -)
upwindrotor = 1 # Rotor location relative to tower (1 = upwind / 0 = downwind)

clockwiserotation = 1 # Rotation direction seen by wind (1 = clockwise / 0 = anti - clockwise)
rotoroverhang = 5.0 # Rotor overhang from tower centreline (m)
rotortilt = 5.0 # Rotor axis tilt angle - positive values increase tower clearance
# (deg)
rotorcone = -25 # Rotor cone angle - positive values increase tower clearance (deg)
offsetroot = 1.5 # Offset from hub axis to blade root (m)
azimuth = 0.0 # Blade #1 azimuth position (0 = vertical upwards) (deg)
controlscheme = 1 # Rotor RPM & pitch regulation (0 = none / 1 = regulation) ( -)
cyclicscheme =0 # RPM & pitch regulation type (0 = collective / 1 = cyclic) ( -)
setazimuthamplitude = 5.0 # Peak - to - peak set angle change over azimuth for cyclic scheme (deg)
rotorrpm = 12.1 # Rotor angular velocity for unregulated control (rev/min)
setangle = 4.6 # Blade set angle for unregulated control (>0 moves LE upwind) (deg)
# Look - up table data for collective/cyclic pitch control scheme
controlwindrotor = [0.0, 10.5, 25.0] # Hub wind speed table for rotor speed (m/s)
controlrotorspeed = [0.0, 12.13, 12.13] # Rotor speed table (rpm)
controlwindset = [0.0, 11.0, 12.0, 14.0, 16.0, 18.0, 20.0, 22.0, 24.0, 25.0] # Hub wind speed
# table for
# Dblade set

# angle (m/s)
controlsetangle = [0.0, 0.0, 3.84, 8.59, 12.0, 14.9, 17.8, 20.1, 22.3, 23.5] # Blade set angle
# table (deg)

# Blade sectional data

numbersamesections = 2

distrootsections = [0.0, 1.3667, 4.1, 6.8333, 10.25, 14.35, 18.45, 22.55, 26.65, 30.75, 34.85,
38.95, 43.05, 47.15, 51.25, 54.6667, 57.4, 60.1333, 61.5]

lengthchord = [3.5, 3.6, 3.854, 4.167, 4.557, 4.652, 4.458, 4.249, 4.007, 3.748, 3.502, 3.256, 3.01,
2.764,2.518, 2.313, 2.086, 1.419, 0.2]

twist = [13.308, 13.308, 13.308, 13.308, 13.0, 11.6, 10.162, 9.011, 7.795, 6.544, 5.361, 4.188, 3.2,
2.319, 1.526, 0.863, 0.4, 0.106, 0.0]

thicknesses = [100.0, 97.0, 80.0, 64.5, 49.7, 40.0, 34.6, 30.0, 26.0, 23.0, 21.0, 19.8, 18.9, 18.2,
18.0, 18.0, 18.0, 18.0, 18.0]

ratiopitchaxis = [0.50, 0.49, 0.46, 0.43, 0.395, 0.375, 0.375, 0.375, 0.375, 0.375, 0.375, 0.375,
0.375, 0.375, 0.375, 0.375, 0.375, 0.375, 0.375]

fileaerofoils = [DetailedCircle.txt', 'CircleTrans172deg.txt', 'CircleTrans105deg.txt',

'DetCircleTrans71deg.txt', 'DU -00- W2 401.txt', 'DU - 00- W2 350.txt', 'DU - 00- W2 350.txt',

‘DU - 91- W2 250.txt', 'DU -91- W2 250.txt', 'DU - 91- W2 250.txt', 'DU - 93- W 210.txt', 'DU - 93- W 210.txt',
'NACA- 64- 3- 618.txt", 'NACA - 64- 3- 618.txt", 'NACA - 64- 3- 618.txt', 'NACA - 64- 3- 618.txt,
'NACA- 64- 3- 618.txt", 'NACA - 64- 3- 618.txt', 'NACA - 64- 3- 618.txt

# Glue & shear - webs geometry

longlimitsshwbyindices =0 # Shear - web limits definition (1 = by section index / 0 = by radius)
thresholdratioshw = 0.05  # ratio of sizeelementlongitudinal as length definition threshold

shwLEsections = range(1,16) # Indices of distrootsections between which LE shear

shwTEsections = range(1,16) # Indices of distrootsections between which TE shear

shwLEstart = 1.3667 # (m)

bl Canmd — CO N H ()

- web is present
- web is present
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[2] Achievements so far:
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Script can create meshes of different densities
by the push of a button
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Can create model geometries for different
Il nt er nal confi¢c-~*"~"seée



