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Bladed: Wind turbine design software

= Bladed is the industry standard integrated
software package for the design of onshore
and offshore wind turbines.

= Based on self-consistent and rigorous
multibody formulation of structural dynamics

= Maintained and developed by engineers with
over 3 decades experience in the wind
industry

= 500 licenses worldwide, 300 organisations

= Full technical support and training courses  |==z= ==
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Bladed: A Virtual Wind Turbine

1) INPUT

2
- =
i i —

Main calculations T Post Processing

—

Maormnal Stop

Emergency Stop

Parked

Hardware Test

= Turbine definition

= Environmental Conditions (Wind + Wave)

“ CAProgram Files (x86)\DMV GL\Bladed 4.6 Educational\demo_a.pr] - Bladed 4.6

|Ei're Specify  Calculation Batch Reports Tools Windows Help

olely for educational purposes

Prezz F1 for contest-zensitive help

2) Choose a Calculation type and RUN

— Selected Calculation: Minimum data requirement
- - rew EE |

Fhysical Constants Defired - e . N lﬂ—ﬁs
M Elﬂtdﬂf CDNfIQUtTaUUn ge;!neg ¢:\program files (x86)\dnv ghbladed 4.6 educationaliresults [Run ‘spcurve’] f,:,'—‘
ade geometry efine Cooy Mt
Aerofoil data Defined |2 =T Cwy:-vy
Drrive: train Defined ooe |
Output variables Defined g |
Aerodynamics control Defined 204 & [

“ Time varying wind speed and direction Diefined i g

| Simulation control Defined ™ I ' L /euhmgepq
[} H
Calculation Outputs.. Show Data... 3 ) O U T P UT' O a d S ' Lo &IZ:
Calculation Parameters... Show Options > d f | g Roor 5

I I I i 5

alculation Setup... | a n p e r O r a n Ce I b b

i P

L RoninBach ] data and graphs |

ﬁ " 0 il ks
F
| | | | | | | | | |
T T T T T T 1 T 1 |
. s o 2 1 1 ® ES 2 2 2
Hub wind speed [m/s]
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Four main categories of calculations

= 1) Preliminary Calculations

¢
Calculations

SRR )

Main calculations T

Supporting Calculations

ind Turbulence

SeaState

Weradynanic Information

Post Processing

Steady Lalculations

Simulations
Fower Production Loading

| N [Mormal Stop
Earthquake Generation  |§

Emergency Stop

Performance Coefficients

Hardware Test | ]

Steady Power Curve

Steady Dperational Loads

Steady Parked Loads

Model Linearisation

Electrcal performance

— Selected Calculation: Minimum data requirement

Fotor configuration

Blade geomety

Blade masz diztribution
Eigen analyziz for tower
Eigen analyziz for blade
Blade stiffness disribution
Tower gearmetry

Tower mass distribution

Fiotor mass excluding blades

Defined -
Defined [
Defined
Defined
Defined
Defined
Defined —
Defined

Defined i

Calculation Dutputs...

Show Data...

Calculation Parameters. .

Show Options >

Multiple Calculation Setup... |

| Run Now ||

| Run in Batch ||
Fl

e.g. Modal Analysis, Turbulent wind file generation

These are stand-alone calculations that often need to
be performed before full simulations.

For example *‘Wind Turbulence’ generates input
turbulent wind conditions for time-domain simulations.
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Four main categories of calculations

= 2) ‘Steady’ Calculations

-
Calculations

(| [ |

Main calculations T

Posgt Proceszing

Supporting Calculations
todal Analysis i

Fower Production Loading

ind Turbulence

Mormal Stop

E arthquake Generation

Emergency Stop

__ ate

Start

N[ {Steady Calculations

|} |Performance Coefficients

Idling

Fark,

ed

Hardware Test

Steady Power Curve
Steady Operational Loads
Steady Parked Loads

kdodel Linearization
Electrical perfformance

L Peeeee

— Selected Calculation: Minimum data requirement

Phwzical Conztants Defined
Fatar configuratian Defined
Blade geometmy Drefined
Aerofoil data Defined
Aerodynamic: control Drefined
Aerodynamic infarmiation Defined
Calculation Outputs... Show Data...

Calculation Parameters..

Show Options >

Multiple Caleulation Setup... |

| |  RunNow ||

| Run in Batch ||

— e

These calculations generate a wide range of
turbine outputs under ‘steady state’ conditions.

They are NOT time-domain dynamic calculations

They are quick to run but the price of speed is that
they include many approximations.

Think of them as providing good ‘snap shot’
approximations of turbine conditions.
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Four main categories of calculations

= 3) ‘Simulations’

-
) 7 =
Calculations ==

Maincalcuations | __PodPoessis || These are time-domain simulations.

todal Analyzis

ind Turbulence
E arthquake Generation
Sea State

Maormal Stop
E mergency Stop

@00 e

Sl They are slow to run and provide very detailed,

| dlirg

Paked  dynamic time series output.

Hardware Test

Ml Steady Calculations
\eradynanic Infarmation

|| | |Perfermance Coefficients

3
Steady Power Curve ]
i Steady Operational Loads |
Steady Parked Loads ]
| |[Madel Linearization @ . . . .
Flectical peformance | Choice of wind input: constant, transient or
| ]
M- Sele;ted Calculation: Mininiurn data requirerment : tu rb u I e nt .
Physical Constants Defined -
Il | |Fiotar configuration Defined |/
Blade geometmy Drefined
Aerofoil data Drefined E
Drrive train Defined
Output variables Defined | . . .
Aetothnanics conio Defied Turbulent simulations require a pre-calculated
Time wanying wind zpeed and direction Defined
Simulation contral Defined e t H
urbulence file.
Calculation Outputs... Show Data...
Caloulation Parameters... Show Optionz »»
Multiple Calculation Setup... |
|  Run Now || | Runin Batch ||
| ")
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Four main categories of calculations

= 4) Post Processing Calculations

-
Calculations ® i
Main calculations
E azic Statistics | |Probability Density [ The Input for these CaICUIatlonS IS the Output
Fourier Harmonics | |Peak Analysis [ . .
Periodic Component @] [Lovel Crossing £ from simulations that have already been run.
E xtreme Predictions 2 Frainfiow Cycle Court Y
Wuto Spectrurn 2 - -
Crass Spectum 9 Fatigue Analysis [
IItimate Loads [
— Iltimate Load Cases ] . .
|G Eonbetn 19 e ot sl They allow simulation output data to be
[ LinecrMock! @] trudErew Vel | analysed in a wide variety of ways.
|fo$hore Code Checking | __,u|
ll
Wl — Selected Calculation: Minimum data requirement————— |}
Physical Conztants Defined -
|l | |Rotar configuration Defined [
|| | |Elade geometmy [refined
Aerofail data Defined E
i Dirive train Defined i
Qutput variables Defined | |
Aerodynamics contral Drefined
Time warying wind speed and direction Defined
Simulation control Defined e
Calculation Outputs... Show Data...
Calculation Parameters... Show Options >
Muliple Calculation Setup... | ;
| Run Now | | Run in Batch ||
L - 4
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Examples of Bladed input screens
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Drivetrain and hub definitions  |fccci N

Blade: | (57 m)
Morninal rator diameter
Fiator diameter [coned)
y povertain I (el | e citase
Tower height [HE)

Hub wertical offzet [h)

™ Mot Defined ] Tatal hub height [Ht+h)
™ Locked speed dive train |Fi>-:ed rotar speed ||j | TP |

@ Dynamic dive train model

Gearbox ratio 86.39 | -

Transmission Mounting Electrical Logzzes Metwork

Elade zet angle

Cone angle [C)

Tilt angle [T]
Generator rokation |5 ame as ratar hd : Overhang (O]

Generatar inertia  |E00 kg W Lateral Qffzet [L]
HS5 inertia 0 karé | fincluding brake) i
Gearbox inertia |0 karé

Brake position HSS _v| Define Brake ... | Fiotational sense Clockwize

™ Slipping chutch Fotor position Upwind

|Fricti0n |D }ﬁ.dditional stiction |D |Nm| ; Speed Type Y ariable
Contral surfaces Pitch

V¥ Low speed shaft torsional flesibility [~ Esternal DLL
LS5 stiffness TRE+08  [Mmrad

LSS damping 0 M rmz/rad

Transmizzion Gearbox

Cut-in windspeed 35

I High speed shaft torsicn fesibii dncaupled shaft larsianal modes: . -
an sp i Frequency: 2.222 Hz [12.959 rad/s |, damping: 0.0 Cut-out windspeed 25
HSS stiffress 1] Mrmdrad

HS5 damping 0 Iz rad

I Low speed shaft bending View tubine Encrypt ratar and hub
LS5 length 0 graphic ...
Eording port 5 Decypt ratar and hub

Eending stiffness Mrndrad

[ armping M. rad Apply Mass totals...

Enc:l_l,lpttransmission...l Decr_l,lpttransmission...l Apply | Feszet |
|0k | Cancel |
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Blade definition

L — M TS 0 % e
Blade Planform: Chord, Pitch axis (black)
4__
>
E
60
Key
3 Pitch axis
Distance along pitch axis (m) f-ais scale Neutral axis
£~ Proportional i " Scaled
Key: Centre of mass: ——e—— & Bestfit + Centre of mass Wind & Bestfit
Graph: IMomaﬁc ;I Print Graph I Copy Metafile I Copy Bitmap | <L < | * >
Blade Information T Blade Geometry T Mass and Stiffness T Additional Mass/Inertia
1 2 5 8 9 10 i 12 13 14 15 1L o Add

Distance along blade 0 161 323 484 645 26 18.82 2366 285 3388 872 4302 46.78 50.01 [

Distance along pitch axs 0 1861 323 484 645 2.6 18.82 2366 285 33.88 3872 4302 45.78 50.0 ﬂ

Chord 263 2658 294 348 404 444 358 356 299 266 238 208 19 161 Spit |

Aerodynamic twist deg 13 13 13 13 13 125 94| 7.800002| 6.300003 47 33 23 14| 0.7939999 Join |

Thickness L3 100 100 8e4 66.8 525 397 0 249 22 151 17 15 12 12 12 Copy

Neutral zxds fx) m ] 0 0 0 0 0 ] 0 ] ] 0 ] ] 0 -

h

Neutral axs 1) m 0 0 0 0 0 0 i 0 0 0 0 0 0 0 0 o

Neutral zods, local () =% i} 0 L] 0 L] 0 0 L] 0 0 L] 0 0 0

Neutral zds, local ) % 50 50 473 52 338 23 g 29 23 29 29 23 23 29 29

- . . 1 1 1 1 1 ¥ e ¥ e e ¥ e e ] S

< | F
Enter distances (* along the blade [~ User defined output axis

 along the pitch axis [T z-avis follaws neutral axis
™ y-avis follows principal axis orientation
fooh | Rest I U0 T Masstos. | Hodsl Anaves. NN oo ocoods | ok [ Conee
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Tower module

(e R R

— Tower propertie:

¥ Geomety  Tower type: Material | Density (kg/r?)| Young's mod [N/e)|

v Mass * Tubular axisyrmetric
¥ Stiffness = Multi-member

I~ Shear fexibility

[ Torsional degree of freedom

I Use geometric stiffering

Add

Delete |

— Ervironment

Hydrodynamic inertia coefficient |2
tean water depth [m) 10

Diepth af firzt tower station [m] |15

= Land  Aerodynamic drag coefficient |D.B

# Sea Hydrodpnamic drag coefficient |‘I ™ Define for each station

™ Defing for each station

— Tower Structure
Add Station | Delete Station |

Copy | Pazte | Unda |

Tower Station Mumber 1] 2| g 4]
Height above suface| m 15 ] 0 ] 1
Outside diameter m 35 336 335 326 31923

M ass per unit length | kadm 293571 26E8.2 25749 24301 2214.0
Bending Stiffness M Z4BE+11]  Z09E+11 1.945E+11 1.75E+11 1.43E+1

Shear Stiffress M
Torsional stiffness Mré
Falar morn. of inertia | kam

all thickness i
I aterial

Hudro drag coeff.
Huydro inertia coeff.

Dizplay Shucture ..

Tower Geometry

1
-

E

E w4

[=]

H

I
20
10

Paint masses [0 defined) ||+ | | .
ibration damper [off] ... |
r Foundations and Ground ¢/ Sea-bed Propertie:
I [~ FRotation abaut horizontal axiz
Tranzlational stiffresz| Mdm |0 Fotational stiffness Mmdrad(0 |——|
25 [N 25
Foundation b azs kg 24000 Inertia of Foundation | kgré 380000 - oo
— Radius {m)
S haw: IAutomatic vl Copy Metafile | Copy Bitmap Print Save I
Apply Fieszet Mazs totals. . Modal Analyzis... Enciypt ... Decrppt .. 0Ok, Cancel

100

80

B0

40

20

=]
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Batch Capability

— The full version of Bladed includes a Batch function that allows large numbers of
simulations to be run, using multiple cores

— This feature is disabled for Bladed Educational

-
=1 T:A\AS\Batch\4.5 Comparison —wlpl=l g

@oo @ Batch Progress [

Job Lists Batch Runners (1)
°Jobs From Runs

-

LYo

Job Lists:
Order| Enabled T | Status T | Job List Name T | Jobs T | Progress T
1 Completed 4.5 List 589 - -
2 Completed | 4.4 List 589 - =
Jobs:

Drag a column header and drop it here to group by that column

Order| Name T | Enabled T | Status T | Output folder T | Progress T | Version T | RunWith T | Runner T | Info
1 powprod Success t\AS\Bladedd 5\ runshextrerne\DLCL 1%aa e | 45051 4.5.0.51 GHEBMOBILEZ9 &
2 powprod Success t\AS\Bladedd. 5 runsextreme’\DLCL 1hab e | 4.5.0.48 4.5.0.51 GHEBMOBILEZ9 &
3 powprod Success t\AS\Bladedd 5\ runshextrerne\DLCL 1hac e | 4.5.0.48 4.5.0.51 GHEB540 'y
4 powprod Success thAS\Bladedd. 5 runshextremelDLCL 1\ba e | 4.5.0.48 4.5.0.51 GHB540 A
5 powprod Success t\AS\Bladedd. 5 runshextreme\DLCL 1\bb e | 4.5.0.48 4.5.0.51 GHBE540 'y
[ powprod Success t\AS\Bladedd. 5 runs extremeb DLCL 14 be e | 4.5.0.48 4.5.0.51 GHES40 A
7 powprod Success t\AS\Bladedd 5\ runsextrerne\DLCL 1% ca e | 4.5.0.48 4.5.0.51 GHEB540 'y
8 powprod Success t\AS\Bladedd. 5 runsextreme\DLCL 1 ch e | 4.5.0.48 4.5.0.51 GHB559 'y
9 powprod Success t\AS\Bladedd 5 runsextrerne\DLCL 1hecc e | 4.5.0.48 4.5.0.51 GHB559 'y
10 | powprod [¥1 Success tAS\Bladedd. S\ runshextremelDLC] 1 da -— o 4.5.0.48 4.5.0.51 GHEB559 ' N

589 jobs (0 selected)

Connected to Manager at GHEMOEILE29 This host is a runner for this batch felder
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Example graphical output of time-domain simulation

£ Data View . il e T - W W oo 51|

Save

/ Hub wind speed / Rotor speed [rpm] # Blade 1 pitch angle [deg] . Electrical power [MW] Print

magnitude [mis] =

Copy Metafile
20— Copy Bitmap

LCloze

18—

]Z‘&w’“‘v’“’m‘“"‘*‘ W M\f i "

Time [s]
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Post processing output examples

S

N

§W§

oave

Erint
Copy Metafile
Copy Bitmap

Cloze

-

A% Data View 3000000
°
1800000—— @ 2500000+
o e
e
E = 20000001
—  1600000—+ -~ £
E — D
Z 4 P
= O~ 1500000
> . =0
Z 1400000 ]
O P
2 E§ 1000000
o 1200000 o
® 500000
(o]
‘1000000
@D
[a)]
[
£ 300000-]
Li4]
]
==
O
600000
400000
200000
0
10e+03  10e+04  10e+05 1.0e+06  1.0e+07
Cumulative cycles []

1.0e+08

1.0e+09

i Multiple Processing: Ultimate loads

Wariables

Load Case Groups

Directory

Run Mame

Load Casze
Idertifier

Load Case Group

cunshetremets. 14a.10
cunsextreme’b. 1ha, 12
cvunshextreme’5 1%a.15
cunshetremets. 1ha. 20
cunsextreme’b. 1'a. 25
cunsextreme’ 6. 1'a

o unshetremet6. 10b

rohninstestremes B 14

powprod
powprod
powprod
powprod
powprod
idling

idling

idlimn

51a.10
51a.12
51a.15
51820
51a.25
AE!
E.1b
E1lr

5.1
5.1
5.1
5.1
5.1
6.1 J
6.1
g1

-

‘ Common Path: |c:"-mns"-f:dreme

| Browse... | Common Run Name: I:”

¥ Assign load case groups

Histogram Type: Iﬂbemll..le values

Add One Load Case ... | Add Many Load Cases ... |

Bemove Load Case .. |

LI Update Load case ID | [~ IEC-3 Sub Groups

Apply | Reset
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Coordinate Systems in Bladed (1)

Tower Loads
(‘Global’ coordinate system)
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Coordinate Systems in Bladed (2)

Hub Loads
(Stationary system)
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Coordinate Systems in Bladed (3)

Hub Loads
(Rotating system)
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Coordinate Systems in Bladed (4)

Blade Root Loads
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Coordinate Systems in Bladed (5)

Yaw Bearing Loads
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Coordinate Systems in Bladed (6) — Blade Loads

Principal axes

Z axis parallel to deformed
neutral axis. Y axis parallel to
principal axis. Rotates about z
axis with pitch.

Root axes

Z axis parallel to pitch axis.

Y axis perpendicular to rotor axis when
blade

is at zero pitch. Does not rotate with
twist or deflection, does rotate about z

Aavice with nitrh

25%

Aerodynamic axes

Origin at 25% chord. Z axis
parallel

to deformed neutral axis. Y
axis parallel to chord. Rotates
about z axis with pitch.



Help and Support

= Bladed Educational Introductory Guide

= Google : '‘Bladed Educational Youtube Videos’
https://www.youtube.com/playlist?list=PLmQHHINSMOEopu 2I6KhQFflflz4VkD7I|

= Bladed User Manual and Theory Manual

-
PN C:\Program Files (xB6)\DNV GL\Bladed 4.6 Educational\demo_a.prj - Bladed 4.6 Co0

File Specify Calculation Batch FReports Tools Windows IHeIp

Bladed Education

Help

" Uzer manual
| Theory manual

About

Security,

grade

Analyse |

Presz F1 for context-zenzitive help

= Or simply press 'F1’ for instant access to User Manual!
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https://www.youtube.com/playlist?list=PLmQHHinSMOEopu_2I6KhQFflflz4VkD7l

www.dnvgl.com

SAFER, SMARTER, GREENER
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