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1 INTRODUCTION

Following client’'s comments and the use of DeepLines Wind in several projects, general
improvements are implemented in version V5R6 to help setting up wind turbines analyses
with different set of parameters based on the same base model. In addition, for
confidentiality reasons, from the version V5R6 Deeplines offers the possibility to use
encrypted blades files.

This document presents the improvements introduced into DeepLines Wind V5R6
concerning the analysis of Wind turbines:

1. Improvement of the HAWT panel.

a. HAWT folder: It is now possible to select some components of a HAWT to
define a specific analysis.

b. Sub-tab “Geometry”: Control and aerodynamic sub-tabs are now considered as
external loadings to avoid duplicating the same turbine model just, for instance,
to switch from a production to an idle condition;

c. Sub-tab “Blades™:

v'A new line type named “GENERIC” has been recently developed. This
type is now used for the blades properties instead of the flexible type;

v'The aerodynamic profiles can now be defined as libraries and directly
defined in the GUI;

v'Previous XML airfoils files are now only used to ensure compatibility
with previous versions since airfoils files are now generated by the GUI
in a JSON format for a public blades otherwise an encrypted file can be
used;

d. Sub-tab “Tower”: towers of different shapes may be defined and the translation
for the aero solver is now automatic;

e. Sub-tab “Nacelle”: the vertical drag coefficient can be defined.
b. Environment Sets geared to the wind turbines.

a. Access to specific options has been made easier: turbine Start-up, wind ramp
time.

Control modes as libraries;
Control options as libraries;
Aero solver Options as libraries;

® 2 0o T

Environment Set Combination including turbines.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
communicated to any third party without the prior written consent of PRINCIPIA SAS
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2 HAWT DEFINITION PANEL
When a turbine is defined in DeepLines Wind, a specific icon is used as shown on Figure
2-1. Clicking on this icon induces the following process:
* A generic definition panel for a HAWT is open (see Figure 2-1);

* A folder is created in the model browser as shown below:

(@2 ) PRIN(

Figure 2-1 : Example of Wind turbine in DeepLines Wind

The definition panel is a user friendly shortcut to define all components of a Wind turbine.
A sub-tab is associated with every component.

v" Sub-Tab1: turbine general geometry,

v' Sub-Tab2: components “blades”,

v" Sub-Tab3: component “tower”,

v' Sub-Tab4: component “nacelle”,

v' Sub-Tab5: component “hub”,

v" Sub-Tab6: component “power train”,

v' Sub-Tab7: component “Control command”,
v" Sub-Tab8: component “aerodynamic solver”.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
communicated to any third party without the prior written consent of PRINCIPIA SAS
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i B Edit horizontal axis wind turbine HAWT_OC4 _cl... X
Object: HaWT_0C4_cl v oK
Name: Hoating/ 0 [1gp | deg S }
X (m) Y (m) Z(m) State | Linked to Attach point Connection e
Coord, of

reference point

Turbine Blade

0 0 10 Anchared o Clamp i
I O I

Tower HNacelle Hub

@ upwind () counterClockwise
() Downwind (@ Clockwise
Tower TowerHt 87600 m
Twr2Shft | 1.000 m
Shaft OverHa... |-5.000 m
ShftTilt | -5.000 deg.
HubRad |1.500 m
Hub
HubCM | 0.000 m
Precone |-2.500 deg.
Blade
TipRad |63.000 m
NacCMxn| 1.900 m
Nacelle
NacCMzn| 1.000 m

Number of blades: |3 [%

Edit connection:

Power Train  Control Solver

HubCM
(negative as snown)

HubRad

e

b o

i NacChun - Necelle CM.
1 /
"/ & SHRTilt
TorSttt
Hub CM.—" T
NacCHan
Tawertt

Figure 2-2 : Actual definition panel for HAWT
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3 HAWT DEFINITION PANEL

3.1 HAWT FOLDER

It is now possible to introduce in an analysis only a selection of a HAWT’s components.
Figure 3-1 shows for instance the selection of one blade of a HAWT.

M arne:

B Editing analysis...

modal_Single

£

|
...... O
£

|
...... O
£

Haw'T_Shaft
Haw'T_Hub
HAWT_Macelle
HaW T_Tower

= Haw'T_Blade 1
= HawT_Blade 2
= H&wT_Blade 3
5.2 )- HAWT_SinBla

+D )- HaWT_encrypted
...... O ‘wind_11ms

...... OL5 ‘wind HH

...... OLd wind Tub

?

Cancel

*

ok,

Figure 3-1 : Selection of one blade of a HAWT

For consistency of the resulting system, by default, the Shaft, the hub and the Nacelle are

automatically selected.

To extract for instance the natural modes of a blade without any coupling, it is then
necessary to block the Nacelle reference node and the shaft nodes with a dedicated
loading (Dis/connection type) as such:

B Edit displacement DOF_blocked...

Properties of selected sub-displacement

Object: [DOF_blocked -
Calor | IRd
Marne Object Location |T)rpe
1 Disp_0 Macelle_SinBla COG Dis/Connection
2 Disp_1 Shaft_SinBla End_1 Dis/Connection
3 Dizp_2 Shaft_SinBla End_2 Diz/Connection
4 Disp_3 Shaft_SinBla LS5_Bearing_1 Dis/Connection
5 Disp_4 Shaft_SinBla LS5 Bearing_2 Dis/Connection

*

Object Hehad T >
Location |y B_ref_point hd
Type Incremental hl

Create new displacement

Femave selected displacement

Figure 3-2 : Shaft nodes and Nacelle reference node

Save

Cancel
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. 66 1]
3.2 SUB-TAB: “BLADES
3.2.1 Public Blades
B | Edit horizontal axis wind turbine HAWT..,
Object: Haha/'T V 1]
N T Heading / 0% D deg. 2
Carnicel
# ) ' [m) Z [m) State \ Linked to Attach paint Connection
Coord. of -
reference point |U HU ”10 | Anchored ~ Clamp ~| | Edit cornection
Turbine Blade  Tower Macelle Hub Power Train  Cortrol  Aerodynamic
[ Encrypted mode _J
Damping
Coefficient ype : (@) Beta
® Rayleigh: Coefficiert |0.0024 = i ”TH_ —_
7 ———
(O By mechanism:  Traction [ . (i
Bending 0
Torsion 0 ot
= B T s T pre-bend
Added mass : MNane ~ — e
Number of sections : ot =l
Length {m] | Chord {m]) | Structural ... | Aerodyna.. | Profile | IP preben... | OP preben...| Dry weigh... | El flap (M. *
1 |2.73300 3.54200 -13.30800 | -13.30800 Cylinder‘l_‘_] 0.00000 0.00000 7.65600 1.91000e+
2 |2.73300 3.85400 -13.30800  |-13.30800 | Cylinderl Li 0.00000 0.00000 6.08000 1.12300e+
3 | 273300 416700 -13.30800 | -13.30800 CylinderZ_.'J 0.00000 0.00000 413700 5.81500e+
4 | 4.10000 4.55700 -13.30800 | -13.30800 DU?J_A..._Z_J 0.00000 0.00000 4.30000 4.65500e+
5 |4.10000 4,65200 -11.48000 | -11.48000 DUES_A...j 0.00000 0.00000 3.57900 2.54200e+
B |4.10000 4.45800 -10.6200 | -10.16200 DUES_A..._LI 0.00000 0.00000 3.44000 2.02200e+
T |4.10000 424000 -5.01100 -5.01100 DU3D_A.._Z,J 0.00000 0.00000 3.26700 1.54800e+
8 |4.10000 400700 -7.79500 -7.78500 DUZS_A..._.T.J 0.00000 0.00000 2.99700 1.05100e+
0 A 10 3 TADNN £ CAANY £ CAAN L 1 s B Tlﬂﬁf\l’\ﬂl’\ L] I ETON B A1Nn- . e
< >

Figure 3-3 : Blades definition panel — Public mode

In DeepLines Wind V5R6, blades are modelled as series of beam finite elements with

“GENERIC” type properties.

This type allows introducing new data and gathers all the input data that can now be

introduced to define a blade.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
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Input Data for every Blade

Number of sections

Damping coefficients (Rayleigh coefficients)

For every blade section

Section Length (m)
Chord (m)
Structural twist (deg)

Aerodynamic pitch (deg)

Profile name

IP&OP prebend (m)

Dry weight (kN/m)

Flap & Edge bending stiffness (N.m?)

Torsion stiffness (N.m?)
Axial stiffness (N)
Inertia flap and edge (kg.m)

Torsional inertia (kg.m)

Aero centre (X, Y) coordinates in the section (m)

Centre of gravity (X, Y) coordinates in the section (m)

Mass axis orientation (deg)

Shear centre (X,Y) coordinates in the section (m)
Flap & Edge Shear stiffness (N.m?)

Table 3-1 —Total Blades input data

Figure 3-4 shows a blade property panel when a turbine is defined with the new GUI
version.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
communicated to any third party without the prior written consent of PRINCIPIA SAS



" PRINCIPIA

DeepLines Wind

Features for Wind turbines

.

Principia Document No. | DSL.214.013 Rev. 02 Date : 12-02-21
Client Document No. n/a Rev. n/a Page 12/ 46
Edit segment types... X
Type: HAWT_Blade_sec v New..
Delete

Lineic mass
Auxial stiffness

Bending stiffness in local axiz *

Bending stiffness in local axis v
Torsion stiffness

Shear stiffniess in local auis X

Shear stiffniess in local auis v

Pualar inertia ¥
Pualar inertia v

Palar inertia £

Internal crozz section

End cap effect area

Buoyancy area

Contact equivalent diamater

780.428 kgdm
1.067e+10 N

1.955e+10 M.

1.91e+10 M.mé

5.359e+03 M.rédrad

i] M

1]

i]

1071 ka.m

1063 ka.m

2134 ka.m

i]

i]

i]
O

G2602.7 e

626027 mmé

Submerged weight[] 0

m42 mm

Mechanical properties  AercHydrodynamic properties  Thermal properties  Damping  Firite element model  Section details

Figure 3-4 : Blades properties as generic lines

The Aero centre (X, Y) and the name of the profile shall be added in the Aero-

hydrodynamic panel.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
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Edit segment types... X
Type: HAWT_Blade_sec v New..
Delete

Mechanical properties  AeroHpdrodynamic properties | Thermal properties  Damping — Finite element model  Section details

Hydrodynamic properties [MORISOM coefficients)
Mormal drag

Marmal inertia

Maormal added mass

Axial drag

Avial inertia

1]

1]
Hydrodynamic diameter 542 mnm
Aerodynamic coefficients

Axial drag

Blade properties
Aera center ¥ i

Aera center 7

Prafile name Cylinder ~

i

Figure 3-5 : Associated aerodynamic properties

Public blades are managed by the GUI and as a consequence, the mesh can be
displayed and the chord variations can be visualized as shown below:

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
communicated to any third party without the prior written consent of PRINCIPIA SAS
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Figure 3-6 : Public Blades representation by DeepLines Wind GUI

As in previous versions, the dynamic vibrations of the blades will be visualized when
looking at a dynamic simulation.
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3.2.2 Encrypted Blades

For the encryption of blades files, the Botan library (https://botan.randombit.net/) has been
selected, which is a very well-known and strong encryption library. Figure 3-7 illustrates
the encryption procedure defined in accordance with two blades suppliers:

PRI provides a crypto toolbox
to the blade supplier with PuK

- BS to generate a blades data file

¥
BS to Encrypt blades data file
with PuK
NG
BS to validate the crypted file
using Deeplines
(settings with the PriK}
¥

BS to send crypted file to C

Crypted PuK (blade sdata)

Deeplines can read the file
with Prk

Only CLIENT can now have access to the file

Figure 3-7 : Encryption procedure

Figure 3-3 shows an example of encrypted file.

Fichier Edition Format Affichage 7

I—————BEGIN PUBKEY ENCRYPTED MESSAGE----—-

MIKrNjavEgkghkiGowOBAQCWCWYIYIZ IAWUDBAIBEIIEGI4MNVC1ScZpex X815 jkIShs1rN
yE$R4MWmCJV9+CMGF4Re2MWykL2?1uvwiRehtgfp!ndx+3anDKEtbvx?4SEUJUVfKWRN?CS
X5 cZUDBEQafAB1?HqucDigdBnDchbWf0v+ﬁ+wquK4W2KEJWGEtPEEthbl5mvaVNYr?+
TvenhoUnsA+5YuIMEH1eZBaC 1Q5 /L ,/2E1DDImNVUSKI 5T XWP32D02TBGVABfCgrDo9jbr /zT
xvPjadToHiggthelrcmicx,/ /CdubpjuLb/+HMP4d5hcgzpDr SYdIX9TIIINSWUKKOMVVWEFQT
ZEXBH3NTTdLTiRORZWUAGSXFiUDIirSyd4Kq,/ ovkxc031n5znd CBFOKWMO JODGXLZZ SHOKR X
ZZ7qTgeEUbb/8kICjLEMt pAMCCXSGNSaFAFTT6E21FGy 1] Zz0v,/U30XwiQ2 7 kWNUWEhnF 29ha
LnK4ZWZn+yaQC IWqzRWET 3e27PC2TE/TPKCGVOKT O+ 0prATVOMRTEAY IYIZ IAWUDBAEUBAWS
rFf/jhiqwH7 JFOoEgq17 cad 9pdynidvdzkdy /8T JyHAESA+plXupcoelGold TwngosyaoTAa/

Figure 3-8 : Example of encrypted blade file

Note that a limit date of validity may be defined into the encrypted file by the blades
supplier.

m
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This file shall be introduced in DeepLines Wind model as shown below:

B | Edit horizontal axis wind turbine HAWT_1... X

Object HawT_1 v

i |m1——| Heading / Dx EI deg. i

Cancel
# [m] ' [m) £ [m] State & Linked to Attach point Connection
Coord. of
reference point |U ||U ||1U | Free w Edit sonnection.,,
Tubine Blade  Tower Macelle Hub  Power Train  Control  Aerodynamic

Ericrypted mode mua PATH flename et

E|

Damping

Coefficient type : (@) Beta

(®) Rayleigh:

() By mechanism :  Traction i
Bending i}
Torsion i}

Coefficient  |0.0024 e

Figure 3-9 : Blades definition panel — encrypted mode

When the blades properties are correctly loaded, the following dialog box is displayed.

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
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@ Blade file successfully loaded

Figure 3-10 : Encrypted file loading message

_— —

In that case, the blade mesh is unknown and in Deeplines Wind GUI, every blade is
simply represented by a line without any profile.

\/

Figure 3-11 : Encrypted Blades representation by DeepLines Wind GUI

As a consequence, the blades will look like rigid blades when visualizing the dynamic
animation even if the calculations actually account for their flexibility.
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3.3 AERODYNAMIC PROFILES

In the model browser, a new type of drag/lift database named “New foil profile” has been
created:

|88 Deeplines 5.6.0 - [NREL_SMW.DSK *] - 8 x
| B File Edt View Model Ansbses Tools Settngs Window Help e

T |EAL D mMm0RRBRETG [ 0oay HB- e
LRI S
R PN RSN T T T IHEEY T ERREPIr AR

0 Extemal lids
T Ballestpropertes
T Link properties
0 Marine Growth

= FIF
Y~ Cylindert Newdheo/it dte
Y Cylinderz | __ Newfoilprofile
 Jeoumar
 Peousan
~ Y~ ousmar7
 Jeowsan
— Y~ ouziar
LY Nacass A
1 Structure properties
T Tebles
T Wind turbine properties
5~ [ Control modes.
I production
S 1 Control dif options

| ControlDil_discon
L ControlDIl_parked

Figure 3-12 : Panel to enter the Foils profiles properties

This option allows defining airfoils properties as shown below:
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Edit foil profile... X
Type: DU35_ATF v New...
Marne: DU35_A17 | Coppas || |
Delete
Optionz
[A Use stall effect [ Fully separated flaw deg
[ Thickness Tim [ &nale litt curve slope 0 14rad
Feynold's number 1000
Number: 1 Iil
Attack Angle (deg) | Lift coeff (-) Drag coeff (-) Moment coeff (-]
-180.0000 0.0000 0.0407 0.0000
-175.0000 0.2230 0.0507 0.0937
-170.0000 0.4050 0.1055 01702
-160.0000 0.6580 0.2982 0.2819
-155.0000 0.7330 04121 03213
-150.0000 0.7780 0.5308 0.3520
-145.0000 0.7950 0.6503 03754
-140.0000 0.7870 0.7672 0.3026
-135.0000 0.7570 0.8785 0.4045
-130.0000 0.7080 0.9819 04121
-125.0000 0.6410 1.0756 0.4160
-120.0000 0.5600 1.1580 04167
-115.0000 0.4670 1.2280 0.4146
-110.0000 0.3650 1.2847 0.4104
-105.0000 0.2550 1.3274 0.4041
-100.0000 0.1390 1.3557 0.3961
Attack angle -95.0000 0.0210 1.3692 0.3867
Murber -90.0000 -0.0980 1.3680 03759
-85.0000 -0.2160 1.3521 0.3639

Figure 3-13 : Foils profiles properties

Once defined, these profiles names can be selected in the blades panel (see Figure 3-6).
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34 TSUB-TAB: TOWER
The new panel looks like as follows:
B ' Edit horizontal axis wind turbine HAWT_1... *
Object HAWT_T vl
M ame: Heading / 0% E\ deq. Save
Céncei
¥ [m) ' [m) Z [m) State \ Linked to Attach point Connection

Coord. of
reference paint |U HU ”10 | Free v Edit conmection.

Partition :

Turbine Blade Tower Nacele Hub Power Train  Cortrol  Aerodynamic
Tower length : 776 m Caolor ; -3 -
Tower type
(@) Conical tower () User defined from bottam to top
Mechanical properties Pipe matenal
Young modulus : 210
Bedinning of pipe Poisson coefficient :
Outside diameter: 6500 mm Spectic gravity :
‘Wall thickness : 2 mm
End of pipe
Outside diameter : {3870 mm

Wall thickness : 19 mm

Rayleigh damping coefficient :  |0.0001

Number of Reynolds 1 il

Tower shadow

Drag coefficient | m Drag coeff.

{used by aero solver only) - Raynilis Nurber | D
Line : Default ~ 0.000 0.000

GPa

Figure 3-14 : New Tower panel — Option “conical”

In the new version, the following points have been modified:

» The option “user defined” tower has been improved to be close to a classical line
definition with different types of properties as illustrated below.
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B Edit herizental axis wind turbine HAWT_1... *
Object HEWT_1 | [ ok |
Wame:; Heading / Ox: EI deq. |7Sa\:fi3' |
| Cancel |
¥ [m) ' [m) Z [m) State \ Linked to Attach point Connection
Coord, of : -
reference point |U ”U ” 10 | |Free ~ | ~ « | | Edtconnection::

Turbine Blade Tower Macelle Hub Power Train  Control  Aerodynamic

Tower length m Color -|vl

Tower type
(") Conical tower (®) User defined from bottom to top
Add J Remove | Edit segment types J |Cfeatasegrnerrttyp_e|

Number of sections : 3 :—€_~_|i

Sections : 3 Sections length : 60.000m
Mame | Length () |Target element length (m) | Mumnber of elements | Segment property | Property type |
seg 1.1 20,000 ; 2 Tower. 1 Tower... .~ [EREEHERE
Sectio.. | 20,000 5 2 Tower_1_Tower... L{%&lﬂtﬁfﬁé
Sectio... | 20.000 - 2 Tower_1_Tower... _E Rigid p)péf

Waming : this drag coefficient supersedes the nomal
drag coefficients entered as Nomal drag in the

Rayleigh damping eoefficient ©  |0.0007 Aerodynamic coefficients sections ojsegment types

Mumber of Reynolds ;
Tower shadow

Drag coefficient : - Drag coeff.
e S Reynelds Number cD
Line : | Default v 0.000 0.000

Figure 3-15 : New Tower panel — Option “User defined”

* To avoid confusion, these properties remain associated with a specific turbine and

are stored in the “line type” folder associated with this turbine:
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B8 Deeplines 5.6.0 - 01_0CH test.dsk*
File Edit View Model Anslyses Tools Seftings Window Help
.. |

s | M O g BEIB
X1+ /#RX | D-VU-50PP-0

25 01_OC4 test.dsk
All v

fon}
9%,
"

Types >
Line types
HAWT_OC4.cl
i 7 LSShaft OC4_cl SegType
...... 7" Tower_OC4_cl_TowerFlexible_1
o 77 Tower OCA ol TowerRigidRipe_1
" " Tower OC4_cl TowerTapered_1
77 Blade OC4_cl_sec_1
ls 77 Blade OC4 cl sec 2
7" Blade OCA_cl_sec 3
i 7 Blade_OC4_cl_sec 4
77 Blade OC4_cl_sec_5
L 7" Blade OCA4 clsec &
7" Blade OC4_cl_sec 7
l 77 Blade OC4 clsec &
L 77 Blade OC4 clsec 9
7" Blade OC4 cl_sec_10
o 7" Blade OC4_cl_sec_11
L 77 Blacle OC4 cl sec 12
77 Blade OCA cl sec 13
7" Blade OC4 cl_sec_14

Figure 3-16 : Tower properties folder

A global Rayleigh damping coefficient can be defined which is applied on all
segments of a tower whatever their individual properties. This coefficient
supersedes the coefficient that may be defined in a specific property.

Nevertheless, in the definition panel of a HAWT, the tower component must be a
vertical straight line defined from bottom to the top. For very specific tower
concept, only a small top part of the tower (top flange) is to be defined in the
HAWT panel and connected to the rest of the tower, defined as external object
independent from HAWT panel.

Tower shadow:

The tower mesh, its outer diameters and drag coefficient will be automatically
transferred to the aero-solver through the generation of a JSON file when any new
analysis is run (see section 3.6 for details).

This ensures the full consistency between the tower mechanical model used by
DeepLines Wind solver and the computation of the tower shadow effect by the
aero-solver.

For specific cases when the tower is an object external to the HAWT panel, this
line object must be selected as illustrated by Figure 3-17
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[ Edit horizental axis wind turbine HAWT_2...
Object: | HEWwT_2 ]
N Heading /0% [o | des | Sawe
| Cancel |
¥ [m) ' [m) Z [m) State \ Linked to Attach point Connection
Coord. of — -
reference point |E| ”U ” 10 | | Fies » | | ~ | | Editeonnection; |

Turbine Blade Tower Macelle Hub Power Train  Control  Aerodynamic

Tower length m Color -|v|

Tower type
(") Conical tower (®) User defined from bottom to top
| Md || Femowe || Edeseomentipes | Grese seoment e
Number of sections : 3 |L-$_~_||
Sections : 1 Sections length : 0.200 m

| Mame | Length (m) |'Farget element length (m)  Murnber of elements | Segment property | Property type

seg 11 020000 N 1 Tower_2 Tower... | Tape

Waming : this drag coefficient supersedes the nomal
drag coefficients entered as Nomal drag in the

Rayleiah damping cosfficiert :  [0.0007 Aerodynamic coefficients sections of seament types
Mumber of Reynolds 1 iz
Tower shadow I:"\j,

Drag coefficient : Drag coeff.
{uzed by aero solver only)

Reynelds Number |.CD
Line : | Bxtemal_Tower v 0.000 0.000

Figure 3-17 : New Tower panel with an External Tower object
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35 SUB-TAB NACELLE

For the Nacelle, the drag coefficient in the vertical direction was missing. It can now be
entered in the panel.

As shown below, the input value corresponds to Cd_vertical*Area; the area depends on
the nacelle shape and is an input data for DeepLines Wind.

87 Edit horizontal axis wind turbine HAWT 1... ™
Dbject; HEWT_T =
Mame: HAWT 1 Heading / O EI deg.

= [m) ' [m) Z [m) State \ Linked to Attach point Connection
Coord. of : .
reference point |U ||U ” 10 | | Free w v ~ | Edit connection...

Turbine Blade Tower Nacelle Hub Power Train  Control ~ Solver

Drawing Faitead/Hang-Off points  Physical Properties

Number of angles 1 EI

Drag coefficient multiplied by area (m?)
Angle (deg.) |cdx A

0,000 0.000

Nacelle Mass 0.000 t
1K 0.000

Macelle In... | VY 0.000
IZZ 0.000

Vertical drag coefficient multiplied by area (m?) |
Cdx A 0.000

Figure 3-18 : Nacelle new panel
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3.6 NEW TRANSLATION PROCESS

3.6.1 Public blades HAWT

Let’s consider that a turbine, named HAWT_1, is created in DeepLines Wind GUI. When
an analysis is launched including this turbine, the following process is done:

Note:

A specific repertory 00-AERO\ is created (for the first time);

Two JSON files named HAWT _1.JSON and HAWT _1_Blade.JSON are translated
into this directory;

The translation of the LOG file is kept unchanged except keyword *AEROFILE:
* AEROFILES,NAME=HAWT_1
AeroFile=..\00-AERO\aeroBEM_V14.xml
ProfilFile=..\00-AERO\HAWT_1.json
DeepLines Wind solver copies these files into the analysis directory;
Computations can start.

The same logic as for the HDB file is followed here when RAO data are entered
through GUI. As a consequence, the JSON file in the 00-AERO\ repertory
corresponds to the last definition of the turbine that may have changed. Therefore,
the JSON files are copied by the solver into the working directory;

HAWT _1.JSON contains data about the hub, the tower and the nacelle:

: "DeepLinesGUI Application 5.6.0.0",
] HER
] : {
: "HAWT",
1 Hl

: "3.8799999999999999",
. w3257,
ngm

Figure 3-19 : Example of HAWT.JSON file
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» HAWT_1_Blade.JSON gathers the blade mechanical and aerodynamic data:

: "DeeplinesGUI Application 5.6.0.0",

: "2.7330000000000001",
: "3.54199999999999388",
: "-13.308",

: "Cylinderl",

: "-13.308",

o",

[

nr,
: "7.6559998999999997",
: "19100000000",
: "19550000000",

: "5359000000",

"10670000000",

nor,
wor!
2 mon
"1071
"1063",
"2134",

’
‘

"on,
ngn

: "210000000000",

"0.o0001",

"7.849999999999999¢6"

: "Cylinderl"™,

: I
: "No",

e B B e feet
tritert b LR

o e e T T

Figure 3-20 : Example of HAWT_Blade.JSON file
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With version V5R6, the XML airfoils files are not used any longer unless an old
model is used;

On the contrary, the XML file defining the aerodynamic options is unchanged (see
section 3.8 for detalils).

3.6.2 Encrypted blades HAWT

For an encrypted blades turbine, the process is as such:

Note:

A specific repertory 00-AERO\ is created (for the first time);

The same file HAWT_1.JSON is generated as well as a file named
HAWT_1_Blade.txt, which is a copy of the external file referred to in the blade
panel;

The translation of the LOG file greatly changed:

Blades are defined with two nodes; the blade root node connected to the hub
and an end node rigidly linked to the hub. This end node is located using
TipRad, Precone and Prebend defined in Figure 2-2.

C -- Begin Blade(s) :

C -- Begin line : Blade_encrypted1l

*NODES

90 000000 5.111707 0.000000 88.501487

91 000000 12.147623 1.000000 27.397101

*BLADE,NAME=Blade_encrypted1,type=ENCRYPTED

8900.0024000

C

C -- Connections

C -- <Blade_encrypted1::End_1>is connected to <Hub_encrypted:Blade hang-off 0> with a clamp
keyword *AEROFILE:

*AEROFILES,NAME=HAWT _encrypted,type=ENCRYPTED

AeroFile=..\00-AERO\aeroBEM_V14.xml

ProfilFile=..\O0-AERO\HAWT_encrypted.json

DeepLines Wind solver copies these files into the analysis directory;

Computations can start.

The blades nodes are invisible in the LOG file and no specific results may be post-
processed on the blades except on the blades root node.
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3.7 WINDTURBINES PROPERTIES

3.7.1  Wind turbines options libraries

The control mode, the DLL used to control a turbine as well as numerical options for the
aero solver are equivalent to motions types for the floaters. In V5R6, a specific folder has
been created in the GUI that allows defining three types of libraries:

* Control modes,
» Control DLL options,

* Aero solver options.

_ Types

+ Line types

+ Floater motion types

..... Contact types

! Buoyancy module types

Steady internal fluids

[ Variable internal fluids

E External fluids

+ Ballast properties

Link properties

+ Drag/Lift database

+ Structure properties

..... Variation tables

_ Wind turbine properties

: Control modes

- Production_5MW

- g Preduction_10MW
Control dil options

- g MREL_Dison

= Aero solver options

- g MoTowerShad

Figure 3-21 : Control DLL options panel

Once created, these options may be directly selected when a new HAWT is created but
they can also be defined in an EnviromentalSet to define different analyses with different
options for the same HAWT object.
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3.7.2 Control MODES libraries

The control mode allows defining the control on the Generator and the blades pitch as
well as the main parameters of the control.

Control mode *
Control mode
Generator Edit. Cancel
Pitch Edit.
yaw Edit...
[Jerake Edit...
Cut-in wind speed : m/s
Cut-out wind speed ; m/s
Time step for controler : s
Figure 3-22 : New Control mode panel
When a HAWT is created, by default no control mode is defined.
B ' Edit horizontal axis wind turbine HAWT_1...
Object: Hehw'T_1 ~ Ok,
Cancel
# [m) Y [m) Z [m) State b Linked to Attach point Connection
Coord. of
|EI ||EI ||1D | Free e Edit connection. ..

reference point

Turbine Blade

() Control

(®) No Control

Tower Macele Hub

Power Train  Control  Azrodynamic

Figure 3-23 : HAWT object default control

As already mentioned, specific control options may be associated with each turbine or
redefined in an EnvironmentSet.
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3.7.3 Control DLL OPTIONS Libraries

The control DLL options define the exchanges of data between the controller and
DeepLines Wind solver. These options are translated in the LOG file with the keywords
*WTCONTROL and *"WTOPCONT, file=

Data exchanges are all based on the same format referred as “Bladed API”. Nevertheless,
experience shows that every control DLL usually created by a third party may have some
specificity:

- The DLL may require specific input data files in which parameters are defined which
correspond to a specific state of the turbine and specific Load Cases;

- The data exchange may be performed in a specific reference frame: most of the time,
the reference frame is defined by the mean wind direction, but some controllers are
using the nacelle or the rotor frames;

- In addition, the Bladed API allows introducing “reserved data” and these data may be
different for every controller.

In version V5R6, a library of DLL options has been created which allows defining:

* Alist of input files required by the DLL; these files will be copied by the solver in
the Analysis directory;

* The main coordinate system used to define the input data exchanged with the
DLL. This can be relative to the Wind mean direction, the Nacelle orientation or the
rotor local frame.

* At last, series of data can be defined in the same way as post-processing
requests. Each data is defined by a name, a location in the model, eventually a
specific correction factor to cope with the units system used by the DLL and the
channel number of the Bladed API.

The variable name corresponds to the internal name used by DeepLines Wind to define
an output result. To make the definition easier, it is possible to first create a “fake” Batch
post processing file in which the variable is requested and to load this Batch file.

Default Option: No specific data exchange

Figure 3-24 presents the simplest form of the definition panel.
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Contrel dll option
DLL file |..\00-CONTROLADiscon.di - oK

DLL procedure narme |DISCDN

II %

Cahicel

Input files far dll |

Jl | Add ||Hem0ve|

Data exchange optiohs
Reference frame
(®) Mean wind

() Macelle

() Rotar

[ Data exchange option

Congtant value exchange Mane

~ | Wwirite ko file | Mane w |

Load/reload Data exchange batch file

Pasition Unit(Factor/5l)

Add line

Channel id | Object(Ref.Frame) | Position(Ref.Frame)

Figure 3-24 : New Control DLL option panel — Default Option

Example of DATA Exchange:

An example of a more complete exchange with the controller is provided with the “Data

exchange option” activated.
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Control dll option it
DLL file |..\00-CONTROLADiscon.dl -
DLL procedurs name |D|SCDN
Input files for dil : | J| | Add | |F|en'u:|ve|
Data exchange optiohs
Referance frame
() Mean wind
(@) Macelle
() Rotar
D ata exchange option
Constant value exchange |D1 Wit o file |D2_write Vl
Load/reload Data exchange batch file | C:ADLW_Test\Turbine_GUI_2020_11_2540ne_Aera_d?_Batch bt -
Variable Object | Position | Unit(Factor/Sl) | Channel id | Object(Ref.Frame) | Position(Ref.Frame) Add line
POSITIONX Hub_4 Blade hang-of...| 1 100 Default Default .
I
REACTION_M... Blade_41 0.000000 2 101 Default Default
VELOCITY_RY_... Macelle 4  Center of grav... 3 102 Hub_4 Blade hang-off 0

Figure 3-25 : New Control DLL option panel
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» Atable (D1) is provided for constant value exchange. This sends initial data to the
controller. The table is a two columns table defined in Variation table:

BN Edit Variation table... *
Object | D1 v|
ne [ |
Rows number |4 El Columnnis number
N Selected rowls] :

ame X y
3 212 12.2
4 213 13.3
Selected column(s) -

Figure 3-26 : Variation table for constant data exchange

This indicates that value -9 will be provided at initial value at line 210, value 5 is
provided at line 211 and so on...

» Atable D2_write is provided in the “write to file” option. The table is a two columns
table defined in Variation table. At each saved timestep, the value exchanged after
the controller call are written in file ‘turbctr_Turbinename.txt’. With the table
below, the data stored in channel 2, 10 to 12, 100 to 103 and 210 to 214 are
written in the file.

v

B Edit Variation table...

Object | DZ_wiite |
M ame | D2_write |
Fiows number |3 EI Columnz number
N Selected romlz) :
ame X ¥
3 210 213

Figure 3-27 : Writing of exchanged data
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» A batch file was loaded to provide specific data to the controller at specific points.
The batch file can be generated by defining time series of pre-defined results and
exporting the corresponding batch file. It can then be loaded as illustrated by
Figure 3-28.

The user then needs to provide a factor to multiply the value computed by
DeepLines Wind and the channel at which the data is exchanged. Also potentially
when data are required in a local frame other than the node frame, the user can
provides the reference node to be used to derive the local frame. In the example
the position in the X global frame is provided at channel 100 as is since the
multiplication factor is 1. On the other hand at channel 102, the pitch velocity
measured at nacelle reference is computed with respect to the blade hang-off
point frame.

D ata exchange oplion

Cansztant value exchange 01 w Wwitetafile | D2 wwite w

Load/reload Data exchange bateh file | C:ADLw_TestTurbine_GUI_2020_11_25\0ne_ero_d2_Batchte B
Variable Object | Position | Unit(Factor/Sl) | Channel id | Object{Ref.Frame) | Position(Ref.Frame) | Add line
POSITIONX Hub_4 Blade hang-of... 1 100 Default Default Femove lins
REACTION_M... Blade 41 0.000000 2 1m Default Default
VELOCITY_RY_... Macelle 4  Center of grav... 3 102 Hub_4 Blade hang-off 0

Figure 3-28 : Exchanged data definition
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3.8 AERO SOLVER OPTIONS LIBRARIES

The aero solver is using a XML file in which different options are defined to compute the
aerodynamic loads on the blades. This is still the case in version V5R6.

When a XML file is already generated or provided by others, the associated aero solver
option is simply defined as shown by Figure 3-29.

Mero solver option >

[ Prandil's comection for tip loszes Save as Cancel

Generate XML file for aerodynamic option

[ Prandt's comrection for hub loszes

[ Tower shadow model [effects of the tower on the wind)
[ Dynamic stall model

[ Model for dynamic inflow

[ Correction far skewed wake [vawed rotar)

] 5rel's comection for three dimensional and rotation effects

#ML file For aerodynamic option

Aero models }ML | _MEsamplesh07_windturbinet01_DC4%aeroB Er_%14 wml J|

*ML file for blades profiles [previous versions)

[ Blade <ML H]

Figure 3-29 : New panel for aero solver options

In case the XML is to be generated, the process is as such:
» Select different solver options among the proposed list;
» Click on “save as” to generate the XML file;
» Select the new XML file in the menu “xml file for aerodynamic option”.

» Only classical options may be selected. For more advanced options, the XML file
shall be created by hand and loaded afterward.

» On Figure 3-30, it can be seen an example where blades air foils are introduced
through an old XML file. This configuration represents the default configuration
when loading and DSK built-up with previous versions.
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Aero solver option *
Generate XML file for aeredynamic option
Save as Cancel

[¥] Prandtl's correction for tip losses
[] Prandtl's correction for hub losses

[JTower shadow model (effects of the tower on the wind)
[] Dynamic stall model

[v]Model for dynamic inflow

Correction for skewed wake (yawed rotor)

[ snel's correction for three dimensional and rotation effects

XML file for aerodynamic option

Aero models XML | SCUR_PATHL\aero_IFF\aeroBEM_Automaticxml J|

XML file for blades profiles (previous versions)

Blade XML | $CUR_PATH\aero_IFP\airfoil_OneRotor_V14.xml J|

Figure 3-30 : Generation of a XML file for aero solver options

When a HAWT is created, by default no aerodynamic option is defined.

B ' Edit horizontal axis wind turbine HAWT_1...

Object: Hetw' T_1 ~ Ok,
Name: HawT T Heading ¢ Ox: EI deg. save
Cancel
* () () Z [ma) State b Linked to Attach paint Connection
Coord. of : .
reference point |D ||D || 10 | Free w Edit connection. ..

Turbine Blade Tower MNacelle Hub Power Train  Control  Aerodynamic

(®) No Aerodynamic loads on blades
() Aerodynamic loads on blades (aeno solver)

Option -

Figure 3-31 : Default aero solver option
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3.9 TWO TURBINES AND MORE

If more than one turbine is needed in your analysis, it remains possible.

Figure 3-32 : Two turbines model

The old option of having a single .xml file to define the turbine profile is still available.
Define an Aerodynamic solver option which points towards the common .xml file
airfoil_IEATASK37_2rotors.xml as shown on Figure 3-33.

Aero solver option

Generate ML filz for aerodynamic option
[]Prandt's comection for tip losses

[] Prandtl's comection for hub losses

Save as

[ Tawer shadow model (effects of the tawer on the wind)]

[ Dynamic stall madel

[] Model for dynamic inflow

[] Conection for skewed wake [pawed rotor]

[ 5nel's comection for three dimensional and rotation effects

=ML file for aerodynamic option

Aero models XML |..\DD-AEHD\aelnBEM_noTS.xml

#hL file for blades profiles [previous wversionz)

Blade xML

| MI0-AERONairfoll_IEATASKIT_2rotars.xml

Figure 3-33 : Aerodynamic option for two turbines
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Then use this option for both turbines in the aerodynamic loads:

Dbject: HawWT_2 v
Marme: HAWT 2 Heading / O EI deg.

# [m) ' [m) Zm) State b Linked to Attach point Connection
Cioord, of - -
reference point |U ”110 ||1'|9 | Anchared ~ Clamp ~| | Edit connection...

Turbine Blade Tower MNacelle Hub Power Train  Cortrol  Aerodynamic

() No Aerodynamic loads on blades
(®) Aerodynamic loads on blades (aero solver)

Option | AeroSalverOpt_1 ~

Figure 3-34 : Aerodynamic loads for two turbines

If now you have an updated model with the aerodynamic profile defined in the interface,
the GUI will automatically generate independent .json files that the solver will handle. The
Aero solver option will then not have the Blade XML option as shown in Figure 3-35.
There is nonetheless one restriction: at this point the Aero models .xml file must be the
same for all turbines used in the same analysis. It is therefore recommended to use the
same Aero solver option for all turbines defined to be used together. Control is another
matter and can be different from one turbine to another in the same analysis.

Aero solver option *

Prandtl's comection for tip losses Save as Cancel

Generate XML file for aerodpnamic option

Framdis comection for hub lozzes

Tower shadow model [effects of the tawer on the wind)
Dwnamic stall model

Model for dynamic inflow

Correction for skewed wake [yawed rotor)

Shel's carrection for three dimensional and rotation effects

=ML file for aerodynamic option

Agro models =ML | CAO0-AEROYaers_opt.sml Jl

ML file for blades profiles [previous wersions)

[ Blade %ML H|

Figure 3-35 : Updated aerodynamic option for two turbines
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4 ENVIRONMENT SETS FOR HAWTS

4.1 OBJECTIVE

With the experience acquired on projects, series of convenient keywords have been
created in the solver input file. These keywords have been implemented into the GUI and

integrated in the Load Cases combination matrix.
The options associated with the turbine can now be defined in the Environmental Set.

Ohject

B Edit environment set DLCT...

DLCl

MName

[winds
[currents

[Local seas

Environment components
[CIMain Swells
["]secondary Swells

Prescribed motions
[CInNumber of quasi-static motions

[CInNumber of dynamic motions

Prescribed loadings
[CINumber of quasi-static loadings

[CInNumber of dynamic loadings

General Combination matrix Turbines

Floater motion

Number of Floaters |1 =

[ofsets
[JLow Frequency imposed motion

[CIFloater motion

Turbine options

[“ Turbines

Ak [4r

4| (4

QK

Save

Cancel

As shown on Figure 4-2, every turbine load case is defined by:

Figure 4-1 : New Environment Set panel

» Name: the user may gives a specific name to every case;

«  HAWT: turbine object to be selected among the objects already defined in the

model browser;

o Start-Up: “start up” loading already defined in the model browser. Even if this
loading has been defined with another turbine object, the sub-loading “start-up” is

associated with the selected HAWT.

« StartUp VAr Table: In the same way, the variation table defined here supersedes

the table initially used to create the subloading “Start-up” (see section 4.2).

» Control mode: controle mode already defined in the “turbine properties” menu;
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4.2

Control options: already defined in the “turbine properties” menu;
Aerodynamic solver Options: already defined in the “turbine properties” menu.

X

|87 Edit environment set DLCprod...

Object |DLCprod v|

Mame

General Combination matrix  Winds ~ Turbines

Number of tubines properties: m | Inzert new turbine properties |
| Femove selected turbines properties |
Mame Hawt | Start Up ‘ Start Up var table | Contrel mode | Contrel options | Aerodynamic sol...
TurbineProd HAWT LI StartUp LI EnvStartUp LI Production LI ContrelDI_dis... LI AeroBEM_V14 ¥
2 |TurbineParked HAWT LI None LI Default LI Default LI ContrelDI_par... LI Default LI

Figure 4-2 : Example of turbine options in an EnvironmentSet

VARIATIONS TABLES

The notion of “tables” has been introduced into the GUI with a new folder in the model tree
called “Tables”.

When a new table is created, the user may define:

- The new table name,
- The number of rows and columns

- The unit of every column: NONE can be selected meaning that no specific unit is
defined.

Once created, the tables are stored in the model tree:
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Tables

Yariation tables

- o

= . Envtables
@ EnvStartUp

Figure 4-3 : Variation and Env. Tables

It is possible to define two kinds of tables:

Variation tables: these tables define a set of parameters as function of a specific
variable: quasi-static step, time, arc length, water depth etc...

It is important to note that values in these tables must be given in Sl units.

On Figure 4-4, an example of StartUp for a Clockwise turbine is provided relative
to a ramp up of 100s to achieve 20rpm, i.e. 2.0944rad/s.

Ea Edit Variation table... X
Fiows number Colurmns rurber

Selected rows]

Ingert after

Selected column(s]

Ingert after

Graph

Figure 4-4 : Example of variation table for ramp up to 20rpm in 100s

Environmental Tables: this kind of tables is to be used in an EnviromentSet to
redefine the main parameters of a variation table with respect to the Analysis
number.

In the previous example, the StartUp is defined by two main parameters: the
duration of the transient phase (in seconds) and the final rotation speed (in rmp).
The following Environmental table can then be defined:
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In this example, that means:

4.3 TURBINE START-UP

4 Edit Variation table...

Object | ErvStartlp

v

MHame |EnvStaltUp

Fows number

Columns number

Name coll

[ VEN R
[SRETREEE

col2 col3

100 -1.0472
120 -2,0044
150 -2.618

150 -3.1416

m
o
g
g
g
3 =
3
=
=

Figure 4-5

4.3.1 Individual loading

A turbine Start-up is a sub-displacement of a displacement loading.

: Env. Table associated with the StartUp

in analysis 1, the transient time is 100s to reach 10rpm;
in analysis 2, the transient time is 120s to reach 20rpm;
in analysis 3, the transient time is 150s to reach 25rpm;
in analysis 4, the transient time is 150s to reach 30rpm.

The definition is done with the following steps:

- First, define a displacement with a type “control”:
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|87 Edit displacement Displacement_1... *

Object. | Displacement_1 = ‘

N Coo NN -

Mame | Object Location |Type
1 |pisp.0 Hub_1 coG Control HBESt  HawT 1

II

Location HUE_ref_pairt

Tupe Contral

Incremental
Sinusoidal

Uniform acceleration
Time dependant
Dis/Connection

<

2] []

Properties of selected sub-displacement

Mame Diisp_01

Type | Z-matation ~

Figure 4-6 : Selection of a displacement loading type “Control”

- Then among the different option, select “turbine start-up”:

|87 Edit displacement Displacement_1...

Object: | Displacement_1 w ‘ oK.

Mame |Displacement_1 Calar [ ] ‘ - Save

Cancel

III X

Mame | Object Location |Type
1 |pisp.0 Hub_1 coG Control HBESt  HawT 1

X ~
Location HUE_ref_pairt i

Create new dizplacement
Remove selected dizplacement

Properties of selected sub-displacement

None
Type Z-matation ~
Z-otation
Amolitud Static displacement wia dll
mpitide Dynamic displacement via dil

Dymamic displacement via dil with reference
s R
I R

Figure 4-7 : Sub-loading “Start-up” selection
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- A “turbine start-up” allows imposing a rotation speed to a turbine through a PID.

Ohject

Disp

~

Calor

. -

Name

Object

Properties of selected sub-displacement

Typa Turbine start up v
Proportional term 1.0002+08 MN.mf{rad/s)
Derivative term 0.000e+00 M.mf(rad/s®)

Prescribed speed
Integral term 1.000e+08 MN.myrad

“ariation table SanZirpm

Comer frequency 1570796 Hz
Mairurm torgue: 1.000e+10 N
Maxirmum torque rate 1.000e+10 MN.myfs

Location Type

OK

Save

Cancel

Object  [HAWT ~

Location HUB_ref_point =

Type Incremental v

Create new displacement

Remove selected displacement

Figure 4-8 : Example of turbine “Start-up” definition

Default parameters are proposed for this PID which may be modified if needed.

Otherwise, two specific parameters are to be adjusted with your case:

- “End of start-up” (in seconds): this defines the last time when the “start-up” control
is applied. That means that above this time, the turbine is either set free or, for a
turbine in production mode, the handover is done with the control DLL;

- Variation table: for the variation table two situations may be distinguished:

4.3.2

©)

For a loading to be included in a single analysis, the variation table can

defined a scenario of rotation speed varying in time. This may be useful to
check the turbine performance;

For a loading to be implemented in an EnvironmentSet, the variation table

must only defined a target speed and a transition time window as shown on

Figure 4-8.

Start-Up in a EnvironmentSet

Finally, to define a turbine start-up in an EnvironmentSet, it shall be done that way:
1) Define a Start-up sub-displacement (Figure 4-8);

2) Define an Environmental table (if needed) as shown on Figure 4-5;

3) Define an EnviromentSet to apply the Environmental table on the previous Start-up in
an EnviromentSet (see Figure 4-2).
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4.4 FF-WIND DEFINITION

4.41 Individual FF-wind

The definition of a FF-type wind has been improved to include in the GUI two options that,

in the previous version, required a direct modification of the LOG file.

Two specific parameters have been added in the definition panel (Figure 4-9):

“Ramp time duration”: this parameter defines the duration of the transition phase to
ramp up the specified wind speed (see keyword *RAMPTIWIND, parameter RAW);

- “Beginning of turbulent wind”: this parameter also defines a transition phase during
which a constant wind speed is used before switching to the turbulent wind. The
constant wind speed is directly read from the *.SUM file associated with the FF-Wind,
its heading is the heading of the definition panel. (see *RAMPTIWIND, parameter

RCST).

B Edit wind Wind_1...

1 anne:

Type

Heading /«

File:

Reference Position.s

Feference Positiondy

Time for Mirror Effect

Famp time duration

Beginning of hurbulent wind

Object: itd_1

*ind_1

FFWIRD

deq.

Calar: - -

OO0 L

*

Save

Cancel

Figure 4-9 : FF-WIND new definition panel

This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part or
communicated to any third party without the prior written consent of PRINCIPIA SAS




DeepLines Wind

’ PRINCIPIA

Features for Wind turbines

Principia Document No. | DSL.214.013 Rev. 02 Date : 12-02-21

Client Document No. n/a Rev. n/a Page 46 / 46

4.4.2 FF-Winds in an EnvironmentSet

The two parameters mentioned at section 4.4.1 can also be defined within an
EnvironmentSet (Figure 4-10):

- The “ramp time duration” is called “duration”
- The “beginning of the turbulent wind” is called “Beg. Time”.

B Edit environment set EnvironmentSet_1... X
Obiject: | E nvironmentSet_1 e
Name [ErwironmentSet_1
= Cancel
General Combination matrix  VWinds
: L]
() Wind defined through spectrum Number of winds n
®) Wind defined through time-history
() Constant wind Remove d wind
|Wind name | Type Duration (s) | Beg. time (s) | Heading (d...| Ref. Pos./x | Ref. Pos./y | Time for M... | Ref. t
1 Wind_1 FF_WIND _I' 0.000 0.000 0.000 0.000 0.000 0.000

Figure 4-10 : FF-WIND definition in an EnvironmentSet
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