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What is FOCUS6

® FOCUSGH is an advanced ‘suite’ to design
wind turbines and blades

® A set of application modules integrated
via a graphical user interface

® Each module has specific functionality

eg. ‘Parse blade model’, ‘Generate Load
Sets’

Modules ‘optionally’ purchaseable
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FOCUS6 Modules

Rotor Pre-Design

Wind Turbine Design

Structural Blade Modeller (3d)
Design Optimization

Wave Loads (Offshore)

3¢ Party Module Integration Tool
Blade Design FEM (Q3 2010)

Report Generator
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FOCUS6 Upcoming Modules

CAD/CAXx Blade Export & Import (2010)
Enterprise Cluster Computing (2010)
Noise Emission (2010)

Cost (2010)

Earthquake loads (2010)

Offshore Additions (2011)
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FOCUS6 WORLDWIDE

1995: FOCUS4
2004: FOCUS5
2009: FOCUS6
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FOCUSG6 Improvements from FOCUSS

® FOCUSG user interface experience
® Multi-user environment
® 3D graphical blade modeller

® Results visualization 2D/3D
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FOCUSG User Interface Experience
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Control Design Projects

[ Focus6
File Edit Definition Calculation PostProcess  Tools  Help

T ' Y P

L
EEAY Projects Browse | Project | Dataset I Parameter | Table | Project Fle I Calculation Set I Step | LoadSet | Resultset |
Richard-WS Turbine and Blade design 1l

wf RichardBuis ELRE, [x] description |;|
= DENO W e
=L ESR B FOCUSS Import project Functional test of FOCLISS to FOCUSE import

RichardBuis Simple tube design

Richard-WS Turbine and Blade desian This project contains the turbine and blade design workshop and includes bladm...

richard@wmc33 |
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Control Design Projects

+-wf  Richard-W5 Turbine and Blade design
+h{ RichardBuis
A-nf DEMO 2MW

+h{ FOCLUSS Import project
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Control Design Projects

_— Parameter cateqgories

+— Sets of input data

o M
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Control Design Projects

WS Turbine and Blade design
ulation Sets
aze Parameters
esultsets
Parameters

+ {!l bladed import2 Delete Dataset
-!- {_I B bladed import 3 Details

+-{i| default -
+-{8| blad_testje Left Side Compare

+{!| lagging off
'5' ‘I_I B bladed impart
+ {_I 8| Pitch anagle anahyses Smart Guide
+ -|_| turl_ controller

Compare With

Copy to loadcase

-l default
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Control Design Projects

3
TUDelft

- °p| Categories
=R |
: +{!| buckling analyses options
+-{| Calculation Specific [I:t:iE-t
+i!| bladed import 2
+{!| bladed import 3
+-{| defautt
+-{i| transfer_farib
+{!| blad_testje
-i- i!l |:||:||:|ir||:| off
+ i_l B bladed import
+ i!' Fitch angle analyses
+ i_' B tune controller
+ {_l ._-t:|t|l |r|:|r', analyses

Ll ad Sets
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Parameters Organized In Categories

@ Focus6

File Edit Definition Calculation PostProcess  Tools  Help

= & &
W T e

Projects Browse | Project ! Dataset I Parameter | Table | Project File I Calculation Set I Step | LoadSet I Resutset |
wf Richard-WS Turhine and Blade design

- Caloulation Sets name [« value [¢] is_defle] derivels] unt [« keywc[s] shotce] categls] last_c[e] chanclel file [+ datas(s] type |;|
[ Base Parameters -nn----

[ {Ej Resultsets 3D comection

30 _cor.. FON;.. Bladep.. 2010/0.. richard Global  defaut CHAR..
Parameters
%\ Categones dynamic stall 1

dynami... <1:1st.. Bladep... 2010/0... rchard Global  defaut INTEG..

(General simulation settings
3 General wind turbine corfiguration
Generator

Support structures
= Teeter
Tower

E h{ RichardBuis
wf DEMO 2MW
+1-mf FOCUSS Import project

richard@wmc033 | 3 of 16 records found Show All
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Parameters Organized In Categories

E;n::han:l-.'a 5 Turbine and Blade design e & vae 3

Calculation Sets

Resultsets

30 comection

dynamic stall

ile Types
_ [}I Blade properties
{8 Contral
.-

Costs
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Parameters Organized In Categories

%"{abl Cateqories
+{|] Acoustics
- Blade hinge

_|:_:I Blade profile

: :E'-Z:;.-
+-|B8| Datasets
_|_ Load Sets

Name [«] value [«] is
Afoltabe | |
30 comection QM

dynamic stall 1
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Parameter Input Wizards

@ Focus 6 =X

File. Edit Tasks Reports Admin Help

Browse | Project | Dataset | Parameter | Table | Project File | Cal| 4

name

rametars
tegories
Blade profile
+-@D Control
-9 Costs
Drive train
i & Enviromentwaves
~* Enviroment wind
i-[Z] General input/output
43 General simulation settings
i3 General wind turbine configuration
i3 Hub
Macelle
Support structures
= Teeter

File Types
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Parameter Input Wizards

@' Input Wizard

page 3 : Generator
page 3 : Generator

BN DR CX
Gear ratio 39.3 -
Constant loss peepp—— K set | Parameter | Table | ProjectFile | Cal * | *
Proportional loss 0.04800 Nm

Slow shaft inertia 5.4 kgm2

Fast shaft inertia 5.8200000E+002 kgm2

Shaft stiffness : 9E+009 Nm/rad

Gearbox inertia kgm2

Support stiffness 0 Nm/rad

Support damping Nm/{rad/s)

Mext = | | Cancel |

Hub

MNacelle

Support structures
Teeter
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Parameter Input Wizards

@ Focus6

o | Abways on top

@Input Wizard El@

page 3 . Generator Keawrerige
page 3 : Generator Centra WMC

gear_ratio REAL (1.0) [-]

Transmission ratio of the gearbox. The value of ‘gear ratio®

can be either positive or negative depending on the

rotational direction of the generator shaft. ‘gear ratio® is

negative if the generator shaft rotates opposite to the rotor

shaft. The rotational direction is of importance to solve the

Constant loss 45090.0000 Nm % correct nacelle and tower moments when speeding-up or -
down and when yawing.

Gear ratio 1393110 -

Proportional loss 0042000 Nm

Slow shaft inertia 5 4050000E-+003 kgm?2 I

Fast shaft inertia 5 2200000E+002 kgm2
Shaft stiffness 325999995009 Nmirad constant loss REAL (0.0) [Nm]

e 6.0000000E+000 S The losses in the drive train are described by a linear

Support stiffness 1.0000000E+012 Nm/rad function of the generator shaft torque. “‘constant loss® is the
loss of torque for an unloaded generator expressed at the

Support damping 0.0 Nm/(rad/s) slow shaft, ficure 5. Not used for generator model 4.

< Back ‘[ Mext = l| Cancel

-5 Hub
- Macelle
Support structures
-Z Tester

=

I O e O o Y IO

userl@focusb

‘ nowile e
TUDelft ‘ CenltrgIg W M C
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Parameter Input Wizards

@ Focus6

o | Abways on top

E=3FoR %
woese WIMC

@ Input Wizard

-G . gear ratio REAL (1.0) [-]
page 3 : Generator
page 3 : Generator

Transmission ratio of the gearbox. The value of ‘gear ratio® |=
can be either positive or negative depending on the

rotational direction of the generator shaft. ‘gear ratio® is
negative if the generator shaft rotates opposite to the rotor

Gearbox inertia

6.0000000E+000

kgm2|

F'g Gear ratio 133.3110 ; shaft. The rotational direction is of importance to solve the
=4 Constant loss 45090.0000 Nm % correct nacelle and tower moments when speeding-up or -
| o roportional oss s Nm down and when vawing.
Slow shaft inertia 5 4950000E+003 kgm2 H
Fast shaft inertia 5.8200000E+002 kgm2 @ Focusé E=REen X
Shaft stiffness 3.2899999E+009 Nm/r

Support stiffness 1.0000000E+012 Nm/r gearbox_inertia
. el finertia 5 . Fast_shafll_inertia
Support damping 0.0 Nm( 5 Giearbox —~———
| r ;’_\Q 0 Cienerator
- - slow _shalt_inertia generaos
AAeTp: rotor shaft e
dynamic 2 “_‘]' i -
< Back ‘[ Mext > l | Cancel "™ brake_torque
shafi_stiffness

3
TUDelft

+ v Hub Rotor i -

- Macelle ( support_damping

support_stiffness Pport_ ping

+-  Support structures <

= Teeter | Nacelle frame

— The drive train moments are drawn Towe
USerl@fOCU56 for a positive transmission ratio w

Figure 5: Configuration of the drive train model
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Calculation Sets

1 __ Focus @
File Edit Definition Calculation PostProcess  Tools  Help

= Q, 't

| . ¥

| =i-fay Projects » | | Browse | Project | Dataset | Parameter | Table | Project Fie | Calculation Set | Step | LoadSet | Resultset
—1-nf Richard-WS Turbine and Blade design [ z : I

‘ = %t} Calculation Sets

| : -85 at fem MName Fatigue analysees

Cross section based buckling

&
& deflection line.

Project

‘ i hire)
¥ /| Post Process Optimize

Description

Parameter Variation
i
“ : ¥ loadcases parameter start_value stop_value
#‘ £ % FEmesh * | ,i
. ; £ fins e

i | : ## Getload
: &% |oadcase Preprocessor

f':? Load file conversion
&% Panel based buckling

""‘} parse blade model
-4 phatas
-4 phatas_E
-4 Power Curve
-4 rotor blade analyses with Bladmode
-4 Rotor chamcteristics
+-4% Static strength analyses
+] "'} time series
-4 time series 6108
] f':? Tip deflections
4] "J} Tune Controller
& Base Parmmeters
Resultsets
7t Parameters
%b| Categories

{8 Datasets
Load Sets
) Files

+
n
o
n
n

s File Types
+1-wf RichardBuis [ Delete Row |
+-wf DEMO 2MW/ el

richard@wmc033

‘ N nowieage . . N
TUDelft KCenltlrgg WM C
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Calculation Sets

' Focus6
File Edit Definition Calculation PostProcess  Tools  Help
= Qee

ﬁ Projects i [ Browse | Project | Dataset | Parameter | Table | F'rojed_F\Ie“i Calculation Set i-Step | Loadset | Resuhset-é
-( chhard W5 Turbine and Blade design 1

- h{ Richard-WS Turbine anu:l Blade u:Iemgn

5 {:} Calculation Sets
-4k alt_fem
+-4 Cross section based buckling p—
+-§F deflection line

f?ZZ} _

— Steps
: ~i= 1 FARDB_structural_analysis

: j Fle Types
B h{ RichardBuis
i1-wmf DEMO 2MW -

richard@wmc033 |

Delete Row
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1 __ Focus @
File  Edit

&) [

Definition  Calculation  Post Process

-‘ =3} Projects
] —1-nf Richard-WS Turbine and Blade design
| -4 Calculation Sets
| ; 74 alt_fem
=R ] A e calcul
i= Steps
i + D Runs
| : |@ Datasets
| H +-{[8 loadcases
-4 Cross section based buckling
: -4 deflection line
| 5 +-48 Fatigue analysees
| | #-4% FEmesh
: -4 fins
: +-45 Get load
i ,i‘\ : +-4 Loadcase Preprocessor
‘ : +-4% Load file conversion
: -4 Panel based buckling
: -4 parse blade model
-4 phatas
+-45 phatas_E
-4 Power Curve
+-48% rotor blade analyses with Bladmode
-4 Rotor characteristics
#-45% Static strength analyses
+] "”% time seres
+-45F time series 6108
-4 Tip deflections
4] f':? Tune Controller
& Base Parmmeters
Resultsets
i Farameters
%/ Categories

{B| Datasets
Load Sets
) Files

: File Types

+--{ RichardBuis

- DEMO 2MW

i1-wf FOCUSS Import project

richard@wmc033

Tools

Help

| Browse | Project | Dataset | Parameter | Table | Project Fie Calculation Set | Step

Praoject

Name Anew calculation
Post Process Optimize

Description

Parameter Variation

Running Calculations

LoadSet | Resultset |

parameter stop_value

start_value
* | %)

I_ Delate RJ!

=\

2
TUDelft

Knowledge
Centre

Wind turbine Materials and Constructions
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Running Calculations

-4 Calculation Sets
- alt_fem
- IR «——— Created empty
= Steps calculation set
+£ Runs

_l latasets

+ -Igl loadcases

i WMC
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Running Calculations

- h{ Richard-W5 Turbine and Blade design
B {ﬁ} Calculation Sets
: + 408 aht_fem
-8 Anew calclation Add calculation step
= Steps
 [@-i= 1FARDB_Parse_Model

[l default -—0
3] @ loadcases TTT——

458 Cross section based buckling Add dataset with
-4 deflection line iInput parameters
40 Fatigue analysees
4% FE mesh

B 3 OO Y B 4 O + R
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Running Calculations

. Richard-W5 Turbine and Blade design
_ "":lll ulation Sets
+ 5 alt fem

— = = A new calculation

;: I_|‘|:|-1F|I:I
_i_ i: 1 FAROB_Parse Model

e WMC
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Running Calculations

ﬁ_’ﬂ Calculation Form
Run Anew calculation 15/06/2010 14:38:57

Runevent 1 12/06/2010 14:35:00

Found 1 events for this

starting runevent #1 iE, 10

start job A new ca1cu1ar1nn 1 FAFHE_Far~E Model
createloblLog 14 :

createlobLog 14

createlobbataset 14:

Stop | | Browse | Knowledge WMC
Centre

Wind turbine Materials and Constructions




Running Calculations

, ‘ 4ef A new calculation

Steps ate and time of
...-— 1 FARC |E| Parse r"1| idel] _- exery .I.II 18
[f F.urn. ’
[r 1-15/06/2010 14:38:57 "'-L
-i' || ||:|-:.

|i| Run Events

H _._

- |:| 1 15/06/2010 14:35:00
_T_ Parameters

¥ P Dependents

: {'ad F.H-:uft-:

o~ 4 Mo Load Case-FAROB Pine Model
—-{I_‘I Result Files

+-[_| blade_geometry.mac
#-{—| buffer\ELEMENTS
7-[=] buffer\FAROB pm
i-{—| buffer\LINES
f-{—| buffer\MATERIAL

| buffer\R0.SSP

Calculation output
fi | es

e WMC
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Parametric Models

® A set of global parameters defines the
turbine model

® Calculation modules (programs) under
FOCUSG can use these parameters

® [or "What-If" studies sets of parameters
can be defined to override the global
parameters without changing the actual
model

‘e WMC
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‘What-If’ Calculation Parameters

File Edit Definition Calculation  PostProcess  Teols  Help

= aeo
-ﬁ Projects - | Browse | Project | Datasst | Parameter |Tab|e | Project File | Calculation Set | Step | LoadSet | Resultset|
= -( Richard-W$ Turbine and Blade design —
_{:} Calculation Sets Name Blade identifier @
48 ah fem Value  plade2mw2]
=4 Anew calculation

Steps Change Message blade_identiier CHARACTER

-i= 1 FAROB_Parse_Model 1

: - ade) [-
b Runs (blade) [-]
- 1-15/06/2010 14:38:57 Validate Save i
{8 Datassts l—l Blade identifier
+-[| defautt : - -

: Richard-W5 Turbine and Blade design
= g Calculation Specific Dataset o
¢ Parameters Dataset Calculation Specific Dataset

#- fe Blade identifier £ - Global
+ Categories L2
+ Files Unit -
+D File Types STRING
2 loadcases Type
-4k Cross section based buckling Value formulz
-4 deflection line
% Fatique analysees Global formula

-4 FEmesh Filetype Global
| & fins blade_identifier
[ - Getload e
| - Loadcase Preprocessor Category Blade properties

-k Load file conversion

0
- Panel based buckiing Order no
-4 paree blade model Default blade
ot Blade identfi
Desc. Blade identifier
- phatas_E

-4 Power Curve

-4 rotor blade analyses with Bladmode
-4 Rotor chammcteristics

-4k Static strength analyses

-4 time series Change Log

-4 time series 6108 15/06/2010 14:55:58 richard  blade_identfier=blade2mw2 -
-4 Tip deflections

+-4% Tune Cortroller

@) Base Parameters

&) Resuttsets -

richard @wmc033

U Delft “amee WMC

F--E--F-E-E- - - - - - - -
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‘What-If’ Calculation Parameters

— '=§=' A new calculation
—:E Steps
: 1: 1 FAROB_Parse_Model
= P Runs
@ 1-15/06/2010 143857 ~ .. 1.
: Lreate new qataset
= L.'_l Oiatazets ~rediene Ij =

) {_| B default

= L_l C :||| ulation Specific Dataset

+
+

=

F:II_:II'I'II"'III"I'E

h Blade identifier -

i 'tl-'l:ll fes
- Files
File Types

Add 5[_u:u_|nu parameters

Knowledge
Centre

WMC
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‘What-If’ Calculation Parameters

EI {ﬁ} A new calculation
. =i Steps

- @-{= 1FAROB_Parse_Model
EI F’ Huns

@ 115062010 143857 o ate new dataset
El @ Datasets

Q default -
e —

Calculation Specific Dataset
+ || Browse | Project | Dataset | Parameter | Table | Project File | Calculation Set
name |;| pricrty

Calculation Specific Dataset

Higher priority dataset
overrules lower priority

U Delft “amee WMC
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‘What-If’ Calculation Parameters

- ....{ Richard-WW'5 Turbine and Blade design
: —-- I:I:lh I :||| |J|:|‘|:|| 1M ._n-"t':.
-!- '=E'=' :||'t_f|-'r|'|
- :ﬁh A new calculation
: Ty —
—|-i= Steps

+;E 1 FAROE_Parse_Model

|i| F'.IJrl Events
-@* Depends on
i {_l B Datasets
- @ loadcases
+ » 1-15/06/2010 14:38:57

Executed new calculation

with H[_Il:'l_ITII parameters
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Normal Model Parameters

blade span = 60 m
blade root =2 m

Module 1 Module 2 Module 3

rotor radius = 62 m rotor diameter = 124 m blade length = 60000 mm

e WMC
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Variable Model Parameters

blade span = X
blade root =2 m

Module 3

Module 1 Module 2

rotor radius = X + 2 m rotor diameter=2-(X+2)m

blade length= 1000 X mm

e WMC
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Variable Expansion

® FOCUSG6 handles (‘expands’) variables

® Variables are replaced with actual values
by FOCUSG6

® Calculations modules (programs) do not
know about these variables!

® Any custom program can be used!
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Multi-User Design Projects

FOCUSG6 organizes projects and data
Into a shared location

Multiple users may work on the same
project simultaneously!

All changes by users are tracked
® (“Who? —When? — What?”)

Calculations can run in parallel on PCs
with multi-core processors

® Other computers in the network can join in for
even shorter turnaround times e.g. for load set
calculations

‘e WMC

Wind turbine Materials and Constructions



3D Graphical Blade Modeller
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3D Graphical Blade Modeller

® 3D graphical viewer and editor
® Easily create or edit blade properties

® Representation using 1st degree lines,
surfaces, etc

® Direct 3D/2D feedback of changes
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Define Shapes

@ Workshop Turbine and Blade design - Focus 6 Blade Modeler
File Help

View  Options

o SR g ¥ X || D view | [
EI-Workshop Turbine and Blade design
- Parameters ‘ . ‘ ‘ ‘ . . . ‘ . ‘ , ‘ I ‘ I ‘ ‘ ‘ I
Ak Strings Mirrored False P
=} Shapss Reversed False 1
-RO El Points
R3 0] (1.0 1
-R7 11 (0.399.-0.00279)
-RY 12 (0.93.0.00544) 1
R11] 13 (0.98.0.0084) |
-R13 1 05700113 3 1
- 18] (0.96.0.01415)
215 18] 0.95.0.0169) 05 - |
-R% U (0.94.0.01973)
-R%9 18] (0.93-0.02248) i |
R33 18] (0.92.0.02522)
-R36 11 (0.91-0.02797) 1 |
-R37 [ {0.9.0.03071)
- Shape Locations [12] (0.89-0.03345) 1 |
=1 Materials 13 {0.88.0.03618)
i SN Lines 14 047003892 1 _
- Lines 3] (0.85.0.04165)
e [16] (0.85.0.04438)
m 084004711 > 00
[18] (0.83.0.04583) 1 _
19 0,82 0.0525¢)
1201 (0.81.0.05525) 1 7
21 (0.8.41.05795)
122] (0.75.0.06083)
123 (0.780.0633) T |
[4] (0.77-0.06596) |
128 {0.76.0.06861)
128] (0.75.0.07124)
127 0.74.0.07386) 05 + |
128] (0.73.0.07646)
129 {0.72-0.07304) T
1201 (0.710.08161)
131 0.7.0.08415) T
132 0.69,.0.0867)
133 {0.68.-0.08317) T
1 (0.67.0.09164)
138 {0.66.0.03409) +
[36] 0.65,0.09651) T S T T S
&1l 0.64.0.0989) —t+t—+—+—+—+—f—+—+———f——
128] (0.62.0.10125)
5 062-0.10358) -0.5 0.0 0.5 1.0 15
1401 0.61.40.10587) -
Center x
Center of rotation (mm)
20 View |30 View|

U Delft “amee WMC
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Define Shapes

@ Workshop Turbine and Blade design - Focus 6 Blade Modeler
File

View Options  Help

O} x|} Properties 2 X || a0 view |2
e [N ‘ r
B Points
w [C] (1.0)
o [1] (0.999 -0.00279)
gl 2] (0.99.-0.00544) ]
o [2] (0.98.-0.0084)
= 4] (0.97.0.0113)
[5] (0.96.-0.01415)
b 6] (0.95.-0.01696)
7] (0.94-0.01973)

[8] (0.93.-0.02248)
[9] (0.92,-0.02522)
[10] (0.91,-0.02737)
[17] (0.9,-0.030771) .
[12] (0.89.-0.03345)
[13] (0.28,-0.03618)
[ j}] oo (0.87.-0.03832)
- s L | L |
[ (0.64-0.0989) [ L N B
- e
= X
20 View |30 View|

U Delft “amee WMC
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Define Shapes

@ Workshop Turbine and Blade design - Focus 6 Blade Moc 2D View | |

File  View Options Help

£+ Workshop Turbine and Blade design o= M T | 1
(- Parameters z | |

-- Strings Mirrored

[=)- Shapes : Ee‘lersed
--RD s
g E Points

w [C]
E; [1]
R [2]

0.5 + -

-R29
i 2]

-R36

-RY [4]
- Shape Locations
- Materials [E,]
- §-N Lines
- Lines >- 0 . O
- Sections [E]

[2]
[3]
[10]
[11] 05 1+ _
[12]
[13]
e
:

27 4+
38]

i -0.5 0.0 0.5 1.0 1.5

Center
Center of rotatic

U Delft “amee WMC
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Define Blade: Place Shapes

@ Workshop Turbine and Blade design - Focus 6 Blade Modeler

File  View Options Help

P ox

VErViEw O

= ‘."g'orkshop Turbine and Blade desian

+- Parameters
+ Strings B General
+ Shapes ShapelN.arr'e
=8 Shape Locations Description
E Appearance
Visible False
El History

Change Log

- Materials
- 5-N Lines
- Lines

+- Sections
- Templates

[

Change Log

15/04/2010 10:52:52 Processing shape R0 at Z=0 -
15/04/2010 10:52:52 Processing shape RO at 2=V

15/04/2010 10:52:52 Processing shape RO at Z=1300+V

15/04/2010 10:52:52 Processing shape R3 at Z=2500+V

15/04/2010 10:52:52 Processing shape R7 at Z=6000+Y

15/04/2010 10:52:52 Processing shape RS at Z=8000+V o

3
TUDelft

F O E

v S W RS §pe

v Section

1l

2D View | 30 View |

Description

Knowledge
Centre

WMC

Wind turbine Materials and Constructions




Define Blade: Place Shapes

El Shape Locations

@ Worksho
File Vie

Overyiew

E-‘EEL_:.;—’.LLL;—LL:IE _ ~ Section '?G' s

B Woksh i 1 B
G- Pare : H H
- Strir
B Sha
- Sha

2w | 3D View |

151""}41"’2'}1'} ILI‘.)L JE rlUL.U:!:!IIIg sSHagpe =
15/04/2010 10:52:52 Processing shape RD at Z= V
15/04/2010 10:52:52 Processing shape RO at Z=1300+V
15/04/2010 10:52:52 Processing shape R3 at Z=2500+V
15/04/2010 10:52:52 Processing shape R7 at Z=6000+Y
15/04/2010 10:52:52 Processing shape RS at Z=8000+V

Description N. L.

U Delft “amee WMC
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@ Worksho
File Vie

e
Qverview

= Hlsinnr

- Worksh

Sow Changelog  Parameter V=1200 mm
i = Misc
-] Debug False
MName V

o _l.--\.

1200

OV

= | 30 View |

151""}41"’2'}1'} ILI‘.)LJAFIUL. SNy S —

15/04/2010 10:52:52 Processing shape RD at Z= V
15/04/2010 10:52:52 Processing shape RO at Z=1300+V
15/04/2010 10:52:52 Processing shape R3 at Z=2500+V
15/04/2010 10:52:52 Processing shape R7 at Z=6000+Y
15/04/2010 10:52:52 Processing shape RS at Z=8000+V

Bt Description N. L.

U Delft “amee WMC
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Define Materials

- Parameters

- Strings B General Material name

.- Shapes Name

- Shape Locations Descri!;:tiﬂn )
. Materials = Matenal properbies

- TRIAX
- FOAM
- 4545
- COATING
- ROQT
- D1
+- 5-M Lines
#- Lines
+- Sections
- Templates

Density unknown
E_11
E_22
E_33
G_12
G_23
G_21 b

o 12 ] Matenal type
nu_23

nu_31

Fiberdngle

E-Modulus (obsalete)

G-Modulus (obsolete)

Poisson ratio (obsolete)

Fatigue analysis 5-N Line

Constants
K.

5-M line name GL2003

Appearance
Color B 255. 0. 255

O _C e b

U Delft “amee WMC

Wind turbine Materials and Constructions

HEONDHEHEOEHBEHHEBEMGBGEH

|




Define Materials

unknown

Material type

(3-Modulus (obsolete)

Poisson ratio [obsolete)

Fatigue analysis _ S-N Line
Constants o

K

5-N line name

‘ nowile e
TUDelft e \WMC

Wind turbine Materials and Constructions



Define Materials

B Generl
MName
Cescription

B 5-N line branches
Branch

E History
Change Log

E Misc
Constants
Debug
REDUCTION NENZ2063

S-N Line name

((UTS+ABS{UCS)ABS(2°GMa™Smean-UTS+ABS(UCS)W(Z°GMb™Samp)) "SLOPE

08/06/2010 14:55:57 t richard rmow({4) SNLne_lines=

False

False Goodman diagram fatique formulation

e WMC
Centre

Wind turbine Materials and Constructions



Define Material Boundary Lines

@ Workshop Turbine and Blade design - Focus 6 Blade Modeler
File  View Options Help

Overvie 0 x Properties ] X g ol o F.7 471 1Y YT X Xt [F A = -
o ¢ = gl o Il o MINERCRO B apAs i 0 N RS S ction i"“"' _
- R25 - 24000+ - A
~R29 - 28000+V 2|
- R33-32000+V B Appearance
- R36 - 35000V Visible False
- R37 - 36000=V D!splayL!neCoIor Blue
- R37T - V37000 DI_SP|E‘I|-|“9T‘ID€ Solid
- R37 - V37500 CljLissiny)
= Materials Change Log
. UD B Misc
. TRIAX A.ngle
- FOAM LineType
.. M 4545 Offset False
. COATING Subtype Plane Inter]
ROOT
N Lines E
- GL2003

-~ New_sn_line

[ 2D View | 30 view |

15/04/2010 10:52:52 Processing shape RO at Z=0 - -

15/04/2010 10:52'52 Processing shape RO at Z=V Cesginioy 2SS
15/04/2010 10:52:52 Processing shape RO at Z=1300+V

15/04/2010 10:52:52 Processing shape R3 at Z=2500+V

15/04/2010 10:52:52 Processing shape R7 at Z=6000+V

15/04/2010 10:52:52 Processing shape RS at Z=8000+V =

U Delft “amee WMC
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Place ‘Sections’ of Material

@ Workshop Turbine and Blade design - Focus 6 Blade Modeler

File View Options Help
Overvie O * x| Properties ot x @ E-'E'IL:..LJ,L_.._HL_'J.:: ."i':@/' )
= ‘.".a'nrkshop Turbine and Blade design ?l ‘ ‘
 — 5 Generd == 4545
i Name UDSPAR FOAM
+- Shapes L
+]- Shape Locations DESCFIID‘lIOFI TRIAX
- Materials [ MaterialName UD ] - D
+ 5N Lines SectonTyre COATING
2 Lines B Appearance ) ROCT
= Sections DisplayColor Light Blue
ROOT Vl_mble False
ROOT 1 History
- COATING Change Log 09/07/2009
- COATING o Mescly
- TRIAX Condition
Linel
- UDSPAR Line2 SPARA- |
.. SFOAM- _561 no offset
. SFOAM=+ E] Paints
.. SFEOAMLE SR (V+2000, 1)
. STRIAXs Change | og
- STRIAX- Th\cks 1
. SFORMLE V+2000
 § . FWEEC- = V=350, 5]
1 \ - FWEEC+ Change Log
1 . FWEBF- Th\ck!'lfass 50
B .. PWEEF+ Z position V+3900
| .. AWEBCs B2 (RADIUS, B)
| . AWEEC- _Cr:ange Log
. AWEEF- ickness 5
. AWEBF+ Z position RADIUS
- Templates
Z posiion
[mm] radial- or Z-pasition
[ 2D View | 3D View |

15/04/2010 10:52-52 Processing shape RO at Z=0

= lfe ]

Description

15/04/2010 10:52:52 Processing shape RO at Z=V

15/04/2010 10:52:52 Processing shape RO at Z=1300+V

15/04./2010 10:52:52 Processing shape R3 at Z=2500+V

15/04/2010 10:52:52 Processing shape R7 at Z=6000+V

15/04,/2010 10:52:52 Processing shape RS at Z=8000+V .

Knowledge
Centre

WMC

Wind turbine Materials and Constructions
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Place ‘Sections’ of Material

ol |

UDSPAR 2Pl e DEALYE YD e [ ®e-
DEECFip‘tiOI'I = \A545
[ MaterialName uD || vosea roAm
Section | ype S KIN Ub == D
© Appearance || = come
DisplayColor Light Blue ot Bue
Wisible False
09/07/,2009
E History
Change Log 0940772009
Condition
Tine] SPARF- |
Line2 SPARA- 2000
Dffset no offset 0,5
E Points 50
V+3900
| = [0 (2000, 1) (RADIUS, 5)
‘ Chapae | oo 5
| I Thlckness RADIUS
V+2llﬂﬂ
= ['IJ (V+aaUU, oU)
Change Log
Thickness 50 [ 20 View | 3D view |
Z position Y+3900 Tssues o fox
= [ (RADIUS, 5) Description N. L.
Change Log
Thickness L]
Z position

U Delft “amee WMC

Wind turbine Materials and Constructions
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Place ‘Sections’ of Material

Description

7 3

T oReTraT

Z position

| MaterizlName uD
= Appeamm
DisplayColor Light Blue
Wisible False
E History
Change Log 09507/200¢
E Misc
Condition
Linel SPARF-
Line? SPARA-
ftset no offzet
E Points
= [0 W=2000, 1)
Chapae | oo
I Thlckness
V+2llﬂﬂ
= l1J V=350, 5]
Change Log
Thickness 50
Z position Y+3900
= 2] (RADIUS, 5)
Change Log
Thickness L]

= 4545
FOAM
TRIAX

== D
COATING
ROCT

Knowledge

Centre

Wind turbine Materials and Constructions
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Place ‘Sections’ of Material

2D View | 3D View

U Delft “amee WMC

Wind turbine Materials and Constructions




Verify Parsed Blade Model

FarobResultViewer

View

L1 _ - element thickness - ## [
bl A L T

er o * x

element_thickness

70.0

Display Properties

Data

Aetive deta [EERGIREEE 53.3
node_id -
[] Show da"mmnn

JWRREY clement thickness, RN

— clement _offset
Minimum |3 element id
— rum_nodes
Nexdimum | 7l composie_id
geomety
Rescale number_of_layers
is_stiffener
Lighting

U Delft “amee WMC

Wind turbine Materials and Constructions



Verity Parsed Blade Model

|7 FarobResultViewer

element_thickness

70.0

Display |
Data

Active |

Sht

V] At

Minimun

Maodmu

U Delft “amee WMC

Wind turbine Materials and Constructions




Verity Parsed Blade Model

‘ nowledge
TUDelft e WMC

Wind turbine Materials and Constructions



Verity Parsed Blade Model

Mass [kg] | Mass_UD [kg] | Mass_TRIAX [kg] | Mass_M4545 [ka]

WS Turbine and Blade design 01/02/201010:47:16
—— Mass_TRIAX [kg] —&— Mass_M4545 [ka] |

[—o— Mass [ko] —&— Mass_UD [kg]

20 30
Radius (10*3)

Blade mass distribution per material

U Delft “amee WMC

Wind turbine Materials and Constructions




3D visualization of analysis results

® Strain based analysis results

® Overall minimum / maximum normal and shear
strains for a full load set

® Static reserve factors per material
® Compression

® Tension
® Shear

® [atigue analysis results (fatigue reserve
factors)

e WMC
Centre
d Ell d uctio

Wind turbine Materials and Constr ns



3D Interactive view

FarcbResultViewer

Info

normal_max

0.00788

0.00747

0.000944

Lighting

A_L:i__s

0.000478

1.2de-005

Maximum normal strain plot
Similar plot to show fatigue reserve factors Knowledge WMC

Centre

Wind turbine Materials and Constructions




3D Interactive view

narmal_mzp

':u

SF_N_ROC

Nor_max_i
nor_max_|d
nor_max_shr
nar_min_i
nor_min_ld
nor_min_shr
nomal_crit
nomal_max
nomal_min

EI

Maximum normal strain plot
Similar plot to show fatigue reserve factors

e WMC
Centre

Wind turbine Materials and Constructions



Visualization of data and results

@ Focus Chart

Airfoil table

@ Focus Chart = | =[]
File

Rotorspeed Cp_aero Cd_axia Dax_aerc Mz_pitch Pitch Uflap_tip

PV table

PV curve

Airfoil data

Max normal strain

e WMC
Centre

Wind turbine Materials and Constructions



Comparing Calculation Results

'&' Focus 6
File Edit Definition Calculation PostProcess  Tools  Help

=3} Projects Browse | Project | Dataset | Parameter | Table | Project Fle | Calculation Set | Step [ LoadSet | Resutset |

; o . .
-( :E:ZEB':‘: Turbine and Blade design = B descankion

DEMO 2ZMW Aerodynamic analysis Aerodynamic analysis

FOCUSS Import project
annual energy capture annual enengy capture
-{ (Gerben’s Advanced blade design workshop B S o
a..( Turbine 2ZMW Beam frequencies Calculate the beam frequencies

- Aerodynamic analysis

% annual energy capture pv curve close frequencies pv curve close frequencies

-4 Beam frequencies pv curve no generator damping PV curve peak shaved no generator damping

DV CUVE |
{i% pv curve no generator damping
&% pv curve peak shaved |
[+/- @ Base Faremelers
[ @ Resultsats
[ % Parameters
[#-{%p| Categories

B8 Datasets

- | File Types

richard@wmc33 |

U Delft “amee WMC

Wind turbine Materials and Constructions




Comparing Calculation Results

2w Turbine ZMW
408 Calculation Sets
H H EE-EI A -j1 _ s —|1r"."
~5He  AErodynamic anahksis
: annual energy capture

Beam frequencies

pv curve close frequencies

: pv curve no generator damping

e WMC
Centre

Wind turbine Materials and Constructions



Comparing Calculation Results

(@ Chart Wizard

=0 EoR| 553
Chart Wizard

Knowledge WMC
Select Loadcases JOBOUT Centre

In the table below, please select the loadcases

loadcase [+ program [&] calculation [« run_date [« order_no [&] event_date [« description =
None BLADMODE Aerodynamic analysis 2010/06/08 11:30:12 11 2010/06/08 11:30:13 Mo loadcase
Mone BLADMODE Aerodynamic analysis 2010706708 10:25:27 1 2010706708 10:25:28 Mo loadcase
None Bladmode Annual energy capture | annual energy capture 2010/06/09 11:57:04 |1 2010706709 11:55:47 Mo loadcase
Mone BLADMODE Beam frequencies 2010/06/07 15:06:07 1 2010/06/07 15:05:08 Mo loadcase
None BLADMODE Beam frequencies 2010/06/07 15:03:40 | 1 2010706707 15:03:41 Mo loadcase
Mone BLADMODE Beam frequencies 2010/06/07 14:51:22 1 2010/06/07 14:51:23 Mo loadcase
Mo JGAOMODE——pvome |a0oens w1 |a00m00 1an Nolosome
Mone BLADMODE pv curve close frequencies 2010/06/09 14:16:05 1 2010/06/09 14:16:068 Mo loadcase
MNone BLADMODE pv curve no generator damping | 2010/06/09 14:02:13 11 2010706709 14:02:14 Mo loadcase
Moo JGADWODE Dovorvepssmd 00009 20204 1|00 24205 o

Cancel I I < Back "

U Delft “amee WMC
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Comparing Calculation Results

(T Chart Wizard

===
Chart Wizard

. Knowledge WMC
Select X and Y -axis Centre

X-awis  v_wind

Y-axis | aEraElmi LL]

v_wind
speed
Cp_gero
c_andal
gEn_power
dax_aero
Mz_pitch
pitch
L_tip

_tip
fiz_tip

U Delft “amee WMC
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Focus Chart |- @
File
2010-06-09 12:4204(1) | 2010-06-09 11:31:16(1) | (Axial aerodynamic thrust force on the rotor)

PV table dax_aero

|—EI— 2010-06-09 12:42:04(1) 2010-06-09 11:31:16(1) |
00 —— Y

250 |

v_wind

2
TUDelft e



Plotting (GL) Loadcase Results

Extreme operating gust (50 years at rated wind)

(2) Wind speed hub [m/s]

U Delft “amee WMC
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Plotting (GL) Loadcase Results

Extreme operating gust (50 years at rated wind)

(104) Blade 1: Pitch angle. [deg] at 0 m

1642

U Delft “amee WMC
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Plotting (GL) Loadcase Results

Extreme operating gust (50 years at rated wind)

(5) Generator shaft power [W]

., =1

22 4

2ot
.
.
]

12 4

10—+

U Delft “amee WMC
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TUDelft

35 &
30 1
25 1
20 |
15 1
10 §
05 I

0.0 +

Plotting (GL) Loadcase Results

Extreme operating gust (50 years at rated wind)

(150) Blade 1: Resultant moment in the blade [Nm] at 0 m

e WMC
Centre

Wind turbine Materials and Constructions




Plotting (GL) Loadcase Results

Extreme operating gust (50 years at rated wind)

(54) Axial (compressive) force on the drive train (non-rot). [N] at 0 m

-

400 +
300 +

200 +

(1073)

100 4

0
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GET FOCUSSED

WWW.WMC.EU / FOCUSG6
Or mail

Info@wmc.eu

Wind turbine Materials and Constructions



