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Introduction

FOCUS, an integrated wind turbine design tool

Novem project 224.720.9535: FOCUS version 4
Novem project 224.720.9635: Windows-95 interface for FOCUS4

FOCUS 5: Internal development
SenterNovem project: 2020-04-11-10-003: FOCUS 6 (2004-2008)

INNWIND - Innovation in Wind Energy (2006-2011)

FOCUS 4 - Current directory: C:\Testcasey [_ [3] x| m FOCUSS - Current directory: C:\TURBZMW\ |L|

Fllz Deifz  Calsulzione  Wiew FAA0EEC Ble Define Calculatons Wiew FAROB Edit Tools Help

Warning mode Turbine file turb2mw. b Turbine TURE 2Myy
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Main Features

Wind turbine design
Detailed blade design

Load set calculation according to international standards (IEC,
GL, DNV)

Design load sets calculated and blade structural analyses
results are accepted for certification

Fatigue and strength analysis based on stress/strain time
series

World wide used by main players in industry

Focus is also applied for many years in both national and
International research projects

Open architecture

Support of external formats
Graphical analysis of results
Integrated help system
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Focus flow chart

Load set cm—
Focus specifications Export to FEM

load case @——from certification (Nastran, Ansys, Marc)

aulll

External Turbine Tower External Blade

Import from
Bladed, Flex 5/6

Stoch./det. Aero elastic Structural

Structural

ierformance reserve

Blade structural

P Postprocessin
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Aero elastic simulator

Load set
Focus specifications Export to FEM

load case <_from certification (Nastran, Ansys, Marc)

s

External Turbine Tower External Blade
Import from
Bladed, Flex 5/6

Stoch./det.

Wind ' Wind fields I A:irr:: lﬁfts::c ' Structural ' Blade structural

Structural
I | | D — ierformance reserve

P Postprocessin
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Aero Elastic Simulator (Phatas)

[ ==

Aero elastic
simulator

v

. performance s

*Simulation of non-linear structural and
aerodynamic response of the complete wind
turbine in time domain developed by ECN.

*The simulation includes full interaction
between aerodynamic loads, structural
deformations and controller response.

*Is suitable for pitch-to-vane controlled
variable-speed turbines

*Accurate modal response model for tower and
blades, including blade torsion

*Geometric non-linear model for blade bending

*Optional linkage of tower substructure
exported from general purpose FEM package
IS possible
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Aero Elastic Simulator (Phatas)

Turbine

7 = -
/s f
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[ ==

Aero elastic
simulator

v

. performance s

*Analyses of the aerodynamic rotor
characteristics

Power curve calculations

*Built-in advanced PD controller, custom PD
controllers can be linked

Modeling of operational states of the turbine
like starts and stops and emergency conditions

*Detailed modeling options of deterministic
wind conditions

*Option to apply stochastic wave loading
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FOCUS GUI
Phatas

(Click image below to start video)

Recycle Bin

W rIERRTEE] Warning mod [Turbine file:fcSturb.trb Turbine FC5TURB

P
QuickTime Player

(Fs|

Focuss.exe -

1A

Farob 3DViewer
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Load Case PreProcessor

Load set P
Focus specifications Export to FEM
load case @—— from certification (Nastran, Ansys, Marc)

preprocessor — —

External Turbine Tower External Blade A
Import from
Bladed, Flex 5/6

\ 4 \ 4 \ 4

Stoch./det.
Wind =—Pp  Wind fields e

Aero elastic Structural Blade structural

Structural

ierformance reserve

- Postirocessini
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Load Case PreProcessor

Load set
Focus specifications

oad case from certification
prapeocasscr “—w *The LoadCase PREProcessor

LCPREP is provided for automatic
generation of load case input files
following IEC-2 and GL or IEC-3.
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(Click image below to start
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3D Wind Field Generator

Load set cm—
Focus specifications Export to FEM

load case @——from certification (Nastran, Ansys, Marc)

el

External Turbine Tower External Blade

e T- e el
S ]\

Stoch./det. Aero elastic Structural

Wind —Pp  Wind fields )  — ——

Blade structural

Structural

i | | — ierformance reserve

P Postprocessin
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Wind Simulator (SWIFT)

SWIFT Simulation of Wind Fields in Time

\ * A full field of three-component turbulent
" .« Wind is generated for variable speed wind

External

* The discrete time history of the wind speed
In wind direction are calculated at nodal
e —plwmamess— POINts on the rotor plane.

Generator

f*q turbines

« SWIFT is compatible with the commonly

applied standards for wind turbine design:
IEC, GL and DNV.
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FOCUS GUI
3D wind definition (Swift)

(Click image below to start video)

WLFdIENIE (Warning mod [Turbine file:fcSturb.trb Turbine FC5TURB

QuickTime Player

iFs|

Focus5.exe -

1A

Farob 3DViewer
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Post-processing
Time series turbine simulation

PHATAS IV model:Demo2MW Date: 21-01-2008
Load case: 4280  Description: STOP_EOG1_cutout

4 Blade structural
4 '* P Vhuo

Structural J I ’ G ener at or

reserve

T/ - shaft power

Rotor speed

ﬁ Postprocessing

Axial force
shaft

Pitch angle
blade 1

Load case GL 4.2 Normal stop, Extreme Operating
Gust (EOG) at V
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Post-processing
Power curve

PHATAS vV model:Demo2MW Date: 21-01-2008

Demo2MW

4 ' Blade structural

generator

v

V\f|8nd speed [?r%/s]
Demo2MW

Rotor speed

Structural
reserve

rotor speed [rpm]

V\}ﬁ\d speed f%/s]
Demo2MW

C p aero
ﬁ Postprocessing

whd speed [?r?l/s]
Demo2MW

Pitch angle

V\}ﬁ\d speed f%/s]

Axial Force

Axial force [N]

whd speed frrﬁ/s]
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DAGUE RIS

« External controller DLL can be linked to Phatas
 Native Phatas API
« Bladed API

Conire WI\/IC
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FOCUSS

Blade design
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Blade modelling

Load set
Focus specifications Export to FEM
load case @ from certification (Nastran, Ansys, Marc) [™\ Blade modelling

- B

External Turbine Tower External Blade

Import from
Bladed, Flex 5/6
Stoch./det.

Wind ' Wind fields ' Ae'ro elastic ' Structural ' Blade structural

Structural

I | | —— ierformance reserve

P Postprocessin
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FOCUS blade design

port to FEM . Define the profiles of the blade
in, Ansys, Msrc) Blade modelling

. Define position of profiles in the
v blade

" External y 4 Biade

-*'I . Define lines through the profiles

Define materials

From lines and radii + materials:
define sections (sheets of
material)

Select load cases

Run
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Profile definition

Blade modelling * Normalized shape

1. Define the profiles of the blade

2. Define position of profiles ° # Of p0|ntS ConStant for the

3. Define lines through the profiles

4. Define materials W h O I e b | ad e

5. Define sections

* Closed profiles
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FOCUS shape tool

(Click image below to start video)

Blade modelling

2. Define position of profiles

3. Define lines through the profiles

4. Define materials Sturb.trb [Turbine FCS5TURB
5. Define sections

oo
QuickTime Player

iFs]

FocusS.exe -

IFi]

Farob 3DViewer
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Use of profile files in blade definition

Blade mOde"ing |E|Far0b Blade geometry

1. Define the profiles of the blade Geometrical Blade Definition

2. Define position of profiles

3. Define lines through the profiles

4. Define materials

5. Define sections
12.000
12.000
9500
7200
£.400

5.700

5.000
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From profiles to blade shape

(Click image below to start video)
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Lines definition

Blade modelling ® Lines are defined as > 2 points :

1. Define the profiles of the blade ® Radius
2. Define position of profiles
3. Define lines through the profiles % chord

4. Define materials Offset mm //chord

5. Define sections .
Offset along //profile
Offset L chord

.The FAROB 3D Model Selected material: UD- Selected line: UD_2+
- Sl
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Define material properties

Blade mOde"ing -Define materials by:

1. Define the profiles of the blade Type

2. Define position of profiles

3. Define lines through the profiles *Isotropic

4. Define materials

5. Define sections *Orthotropic

*Core

*Partial material factors according to GL

*Additional material properties can be set for export
to FEM

*Material dependent S-N line data (like slope)

*For fatigue analysis
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Define fatigue formulation

Blade modelling Goodman & S-N lines defined

1. Define the profiles of the blade by user defined equ ations
2. Define position of profiles

3. Define lines through the profiles
4. Define materials Amplitude
5. Define sections

Rram

GRP Goodman diagram o
according to GL2003

# Goodman diagram according to GL 2003

DEF 5-H LIHE GL2003

LIHE : { (UTS+ABS {UCS) -ABS { 2*GHMa*Smean-UTS +ABS (UCS) ) ) F { 2%GMb*Samp) ) “SLOFE
EHD DEF 5-H LIHE
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Define Sections

Blade modelling

1. Define the profiles of the blade
2. Define position of profiles

3. Define lines through the profiles
4. Define materials

5. Define sections

Give radil and lines for each
sheet of material

Sequence: start from the
mold, as in the production
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Blade Eigen frequencies/modes

Export to FEM
(Nastran, Ansys, Marc) Blade modelling

' External i I. Biade

mode: 01
Freq: 0.949 Hz

® Coupled eigen frequencies/modes calculated by
Focus
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Blade Structural analyses

Load set cm—
Focus specifications Export to FEM

load case @——from certification (Nastran, Ansys, Marc)

External Turbine Tower External Blade
Import from
Bladed, Flex 5/6

Stoch./det.

Wind . Wind fields . Ae.ro elastic Structural . Blac::‘ :It;::;ural

'

Structural

ierformance reserve

> Postirocessini
“eomre. WMC
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Load case selection

External

Blade structural
analyses

4

!

Structural
reserve

@ Select loadcases

[0
[Jo :
|:|||
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Run Blade design analysis

—Farob blade structure
[+ FAROE blade model[v' FE_Mesh
|7 Convert FAROB datato PHATAS

|7 3D wiewer data

Wiew hodel file WiE

rResults PHATAS stationary analyse

w hiessages

“iew Output file

—Turhine simulation
[~ PHATAS Stationary Analyses

rFesults PHATAS dynamic analyse

[~ Phatas Dynamic Analyses Select Load cases | Model files Messages Outaut files
. — . 0aot.mdl 0001 log | [0001.pht
; [ Autostart Switt stoch. wind field generation 0182 mal 0182.anslog 0182.pht
\ [~ Remove Swittfile after load generation 0202.rndll 0182 Ing 0202 pht
}/ 1134.mdl 0202 ans.log 1134.pht
’ [ Conver PHATAS Blade loads to Focus : : 1341 mdl 0202 lag 1341 pht
r Load conversion settings 1351.mdl 1134.lag 1381 pht
/A\ [~ Convert PHATAS Tower lnads to Focus 1661.mdl 1341 log 1651 pht
/ 1351 laq LI

—Ruotor blade structural analyse

@ Blade 1 (" Blade? (" Blade3

—Select blade for structural analyses with FARDE

Wi | Cielete |

e | Deletel

e | Deletel

" Allblades

® Fatigue  Extreme (Al

rSelect load type for FAROB analyses—‘ "Radial stations for analyses

Summary load set calculations |

Editlocations | —‘ rPHATAS time series plot

|7 Farob Fatigue/Exireme Analyses:
[~ Farob Buckling Analyses

SelectLoad cases |

Select Signals

| Start Plot signals |

Distance from blade root [m] IUU— first_time[s] IF last_time[s] 1100000

|_ Run Programs minimized
Run Programs |
|_ Pause after each FAROE Screen

@ None " Frinter " Metafile

"Seled output mediurn for FAROE graphs -

Cleanup files |

Help |
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Blade structural analyses
Fatigue Results

® Fatigue damage (life based)
® [atigue reserve factor (strength based)

® Stress spectra

LOC. PR. COORD. FATIGUE RESULTS

Blade structural

Structural
rasarve
factors
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Blade Buckling/FINSTRIP

External

Blade structural
analyses

R

‘ | . Structural
- reserve

Cross section based buckling analyses

B R14000 buc - Finstrip

File Edit “iew Help Display

2] =] Elul 0]

Section Radius

1 1.4e+004

8.95e+003

(300, 5274 )

O ]
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Post Processing

Load set
Focus specifications Export to FEM

load case <_from certification (Nastran, Ansys, Marc)

R

External Turbine Tower External Blade

Import from
Bladed, Flex 5/6
Stoch./det.

Wind _> Wio b flotde 0 _» Ae'ro elastic _» Structural _» Blade structural

Structural

I | | — ierformance reserve

P Postprocessing
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Post-processing features

Plot the structural data of

Structural | Blade structural
y * the blade

Plot load-time sequences,
| | load spectra and
spectral density plots

Plot the PHATAS simulation
variables

Plot stress-spectra

View the FAROB model with
the 3D-Viewer
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DAGUE RIS

Load set
Focus specifications Export to FEM

load case <_from certification (Nastran, Ansys, Marc)

=l o

External Turbine Tower External Blade

Import from
Bladed, Flex 5/6

Stoch./det. Structural

Wind =P Wind fields e —pp Ae.ro elastic :

Blade structural

Structural

i | | — ierformance reserve

P Postprocessin
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DAGUE RIS

« FOCUS Load file format is standardized and made
public for external program use.

 Load files can be exported to ASCII
* Load file import from Flex5/6 and Bladed

e FOCUS can convert the blade model into FE mesh
MSC.MARC MSC.Nastran ANSYS
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Focus generated FE mesh

Export to FEM
(Nastran, Ansys, Marc) Blade modellin

MSC.MARC,
MSC.Nastran and
ANSYS

Thick shell elements
® Geometry
® Materials
® Full ply lay-up

_FiJFarob 3DViewer

Select layer

Scaling:

K —r
vin 2 N
o Z ETIN
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Sample Nastran analyses

Nastran modal analyses with Focus generated

FE mesh

(Click image below to start video)

MD Patran 2007 r1 06-Dec-07 11:01:47 1.61+000

Fringe: ROOT SC1. Al:Mode 1 - Freq. = 1.1415, Eigenvectors, Translational, Magnitude, (e

Deform: ROOT.SC1, A1 Mode 1 Freq. = 1.1415, Eigenvectors, Translational, 1.70+000
he

default_Fringe :
Max 1.51+000 @Nd 17482
Min 0. @Nd 1
default_Defarmation
Max 1.651+000 @Nd 17482
Frame: 2
Scale = 7.07-001

First flap mode

(Click image below to start video)

MD Patran 2007 r1 06-Dec-07 11:06:51 1.76+000
Fringe: ROOT.SC1, Al:Made 3 Freg. = 2.9264, Eigervectors. Translatiorial. Magnitude, (N5
Deform: RODT.SC1, Al :Mode 3 Freq. = 2.9264, Eigenvectors, Translational,

75+000

default_Fringe :
Max 1.76+000 @Nd 17486
Min 0. @Md 1
default_Defarmation :
Max 1.76+000 @Nd 17486
Frame: &
Scale =-1.00+000

Second flap mode
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FOCUS GUI Help system

E? Focus5 Help System

0 e =2 &

Hide Back Fomward  Print  Options

| »

Contents | Index I §earch|
: Welcome
& FDCL.,IS |nsta||at|0n. [Fe|phatas 1v
@ Getting Started with Focus :
= m Focus Gsnaral| Tower | Rotor/Hub Blade |.¢'ur10ils | Blads ﬁ&1a| Nacella| Drm4rain| Conllul| Glice | hlotas | Stationary analses | Timahizton
[7] Focus averview

Pitch
=] m Drefine Turbine, Load and Wind ca Blade_root_radivs [m] W

- s = o .
& Fle:.nclast T.urblne Descriptian Bladstspanfm] 37 5000 Caupled_pitch
[2] Swing'wind Cases W Min_pitch_angle [dag] 05000

[2) Fleslast Load cases Fitch_lacatian fm] .
[poos Mex pitch_engle [deq] B3.5000 L

[2] Farob Blade Geametry
[2] Phatas Tubine Deseription |—:‘7 Pitch_stifingss [Nm/rad] [50000E+003.
Fre_stress_moment [Nm] 0.0600

[2) Swift ‘wind Cases Blads_slements
PFitch_clamping [Mm/(rad/s)] F}'ﬁm—

Phatas Blade

Feather_sas [m]

@ Phatas Load Cases Diamping
@ Calculations

. Fli ing [
@ Post-Processing al_damping [

@ Faob Edge. damping [ Pitch_frictin [N [
/ instri i i 0.0000
F 1 ' % EIE::!Z v oAbl e — Radial_motion [m/rad]
}‘ ‘\ @ Documentation
A @ Swit i L
R @ Farob 30 Viewer Min_flap_sngle [deg] [s00008
@ Fleast

@ Swing Mex_flap_angle [deg] |mnu_u
Hinge_sttiness [Nm/frad] 0.00000E +000
Bumper_stiffness [Nm/rad] |Emﬂm+ﬁun
Hinge_damping [Mm/{rad/s)] Iu;’mp

Save o File | Cancsl |

Help

With this menu the blade area and its dynamic properties can be modelled.
What follows is a list with the key-name, the type, the (default value), the [unit], the <allowable range> and a
description of the blades input items for PHATAS.

blade_root_radius REAL (0.0) [m]

Spanwise location of the blade root measured from the rotor centre along the blade axis,
see fisure 7. When modelling blade deformation, this is described from “blade_root_radius®
to the blade tip. For hinged blades the hinges are modelled at *blade_root_radius’.

TUDelft O W\ \/\C
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New developments
FOCUSG/INNWIND

ﬂ A A A ° 2004-2011:  SenterNovem projects
| | | |

' New user interface with a database back-end

Stoch./det,

Stoch./det,
Wave irfoi
simulator
\

Linear and non-linear wave generator for offshore

Aerodynamics table generator

Internal finite element solver for rotor blade
calculations

Generic cost module for capital turbine costs

Capital
SILANT Costs

functions Turbine optimization tool

| | |
WW SILANT, turbine noise emission tool

Structural analyses support structures (offshore

applications)

|
Adapt | _»@ Improvement of the PHATAS tower model
y PHATAS

|
New opiimization. rrm— Option to perform load set calculations on a grid

of computers to reduce turnaround time
significantly. i WMC
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Thanks!
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