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Basics: Shape optimization

Example: Shape optimization of a wind turbine hub
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Basics | Shape optimization

Fundamental concept

> Design variables: Position of each surface node from a given design area

» Goal: Calculate an optimal surface geometry of a given model under consideration of
all boundary conditions, constraints and geometric restrictions

> Result: Optimization displacements for all corresponding design nodes

> Examples of possible tasks (controller strategy):
* Minimize local stress /strain peaks
» Minimize local stress / strain peaks under a volume equality constraint
» Minimize local fatigue hotspots / nodal damage peaks

» Minimize local fatigue hotspots / nodal damage peaks under a volume equality constraint
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Basics | Shape optimization

Different approaches

Parametric concept (- Isight) Non-parametric concept (- Tosca)
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e.g. Variation of a radius Modification of each surface node

-> Flexibility of possible shapes
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Basics | Shape optimization

Non-parametric concept

Displaced
design nodes Design

......... nodes
f. l

Optimization l

displacement

2
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Terminology

> “Growth”: Design node is moved outwards in
normal direction (positive displacement)

> “Shrinkage”: Design node is moved against
normal direction (negative displacement)

> The design variables are more specifically
the optimization displacement values of the
corresponding design nodes.
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Basics | Shape optimization

Controller strategy

» Goal: Minimize local stress peaks on the surface of a structure

> Controller strategy:
Homogenization of the surface stress distribution

“Growth” in regions of high stress > leads to local stress decrease

“Shrinkage” in regions of low stress —> leads to local stress increase

Characterization of a certain region by using a reference stress (~ average stress of all design nodes)
> Result: Homogeneous (uniform) stress distribution without any stress peaks
» The concept is in a similar manner applicable to strain or damage peaks (fatigue analysis).
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Basics | Shape optimization

Controller strategy — Example of a hole plate
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Basics | Shape optimization

Controller strategy — Example of a hole plate
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Basics | Shape optimization

Controller strategy — Example of a rectangular beam under torsion
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Homogenous stress distribution
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Basics | Shape optimization

Mesh smoothing

> Modifications during shape optimization:

 Displacement of the surface nodes due to local stresses N\ ,\\
» Distortion of elements near to the surface layer N\
 Quality of the finite element analysis is affected o/ X \
: | K
> Mesh smoothing: Rt

* Displacements at the design nodes are passed to the inner e . :

nodes which lie in a so-called mesh smooth area BEEER
« Mesh adjustment and mesh smoothing takes place ses Before

in each optimization iteration 3 e ares

* Mesh smoothing preserves a good mesh quality
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Basics: Shape optimization

Example: Shape optimization of a wind turbine hub
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Example | Wind turbine hub

Get started ...

» Start Abaqus CAE (at least version 6.13, preferable 6.13-4)
» File = Import > Model = “hub.inp”
» File > Set Work Directory - Choose Directory
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Example | Wind turbine hub

Basic model: Loading and boundary conditions

3DS.COM © Dassault Systemes

Centrifugal & rotary n—
acceleration forces Fixation
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Example | Wind turbine hub

Shape Optimization: Setup

> Objective function
- Minimize maximal stress peaks (v. Mises)
—> Controller strategy

3DS.COM © Dassault Systemes

> Geometric restrictions
- Rotational symmetry
- Planar symmetry for each segment
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Example | Wind turbine hub

Shape Optimization: Used node sets

Complete model Design area
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Example | Wind turbine hub

Step 1: Shape optimization task

=h
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=& Models (1)

ub
iy Parts (1)
\,?‘_E Materials (2)

- &} Calibrations 4 Create Optimization Task

2 Sections {4)
- 8 Profiles Mame: | Task-1

ﬁ Assembly Type
ol Steps (2)

- Bt History Output Requests ape of
-p Time Points Sizing optimization
- Bp ALE Adaptive Mesh Constraints
T, Interactions
E Interaction Properties (1)
511 Contact Controls
- i Contact Initializations

;\ﬁ Contact Stabilizations

B Field Qutput Requests (2) Topology optimization

ﬂ] Constraints (10)
@ Connector Sections

Cancel

F Fields -
pg Amplitudes

[ Loads (4)

L BCs (8)

[ Predefined Fields

Remeshing Rules

I} § Optimization Tasks|

~~# Annotations
ii Analysis

- Sketches Switch Context Ctrl+Space

Manager...
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4= Region Selection

Eligible Sets

Sets below may contain vertices, edges, faces, cells or nodes.
Name filter: o

Name Type
NSET_DESIGN, Node
MSET_FIX Node
SURF_COUPLING_L7 Node
SURF_COUPLING_18 Node
SURF_COUPLING 19 Node

[T Highlight selections in viewport

Continue... Dismiss

DOSRESED | The 3DEXPERIENCE” Company




Example | Wind turbine hub

Step 1: Shape optimization task

&= Edit Optimization Task

MName: Task-1
Type: Shape
Region: MSET_DESIGN_NODES

Basic | Mesh Smoothing Quality | Advanced |

[7] Freeze boundary condition regions

Mesh Smoothing

A

Specify smoothing region:  ESET_SMOOTH k I

() Specify first layer: (Not Picked)

3DS.COM © Dassault Systemes

) Fixall

() Smooth six layers using the task region

MNumber of node layers adjoining the task region to remain free:

&= Edit Optimization Task &= Edit Optimization Task =
Name: Task-1 Mame: Task-1
Type: Shape Type: Shape

Region: NSET_DESIGN_NODES

Region: MSET_DESIGM_MODES

Mesh Smoothing Quality | Advanced

| Basic | Mesh Smoothing Quality | Advanced

Target mesh quality: | Low E|
|| Report poor quality elements
["] Report solver quality criteria violation

Min Angle Max Angle Taper Skew
Tri 20 140
Quad 20 160 05 30

Min Aspect Max Aspect Aspect Ratio Skew
Tet 0.222 8 100 10

Smoothing Strategy
Strategy: @ Constrained Laplacian ) Local gradient

Convergence level: | Low E|

Frequency of evaluating geometric restrictions: | Low E|

Algorithm: Condition-based optimization

Growth scale factor: 1

Shrink scale factor: 1

Update shape basis vectors: @ Every cycle () First cycle

Step size determined by: @ Min. displacement () Average displacement

Interpelation of midside nodes:

@ Linearly by position

() By optimization displacement of corner nodes
Edge length for movement vector: 5

[ Max. influence radius for equivalent stress:

Equality constraint tolerance: 0.001
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Example | Wind turbine hub

Step 2: Design response for maximal v. Mises stress

B Tas

b @l Design Responses

4@ Objective Functic

Switch Context Ctrl+5pace |

B Constraints
>h} Geometric Restric
“|#* stop Conditions

Manager...

Filter... F2

I& Sketches
Annotations
Analysis

2
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-
4 Create Design Response

MName: | DRESP_MISES

Type

Single-term

Combined-term

5

Whole Model | [Body (elements)| | Point (nodql%_l
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Example | Wind turbine hub

Step 2: Design response for maximal v. Mises stress

2% Edit Design Response = 2% Edit Design Response B3

Mame: DRESP_MISES

Name: DRESP_MISES

2= Region Selection 32 Type:  Single-term Design Respense Type:  Single-term Design Response

Task:  Task-1 (Shape, Condition-based)
Region: NSET_DESIGN_NODES

Task:  Task-1 (Shape, Condition-based)
Region: NSET_DESIGN_NODES [

Eligible Sets

Sets below may contain vertices, edges, faces, cells or nodes.

CsYSs: (Global) 3 L csvs: (Global) 3 L

Name filter: g Variable | Steps W
Type o Show available selections: For objective functions () For constraints Saurce of valuies: (- Use st step and lsst load case from the current model
: Node Wi prinig oy A
Strain 2nd principal stress
Contactstress Wi pincip e~
NSET_SLIDE Node = Strain energy density Absolute minimum principal oae Stepand Modes  Lower  Upper
NSET STAMP. 1 Node Volume Absolute maximum principal Load Case Mode  Mode
NSET STAMP 2 Node y calculated with teir| | Beltrami hub™ STEP_1_SUBCASE_1 (STEP_1)
= - Drucker-Prager hypothesis
NSET_STAMP 3 Node Galilei hypothesis
NSET_STAMP_4 Node Kuhn hypothesis
NSET_STAMP 5 Node Mariotte hypothesis
- = Mises hypoth
NSET_STAMP_6 Nod i Sandel hypothesis
rierT s s e Sauter hypothesis
Highlight selections in viewport Tresca hypothesis
« i v Shell layer values: | Maximum B

Operator on values in region: Maximum value Operator on valuss in region: Maximum value

Operator on values across steps and lozd cases: Maximum value  [7] Operator on values across steps and lozd cases: Maximum value 7]
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Example | Wind turbine hub

Step 3: Objective function (= minimize maximal v. Mises stress peak)

E| R Optimization Tasks (1)

&l Task-1
= I Design Responses (1) 4= Create Objective Function [ m
DRESP_MISES M MIN_MAX_STRESS
ame:
Bl Objective Function —
@ Constraints Switch Context Ctrl+Space Tkt
I Geometric Restrictii Manager... [ Continue...] [ Cancel

E Stop Conditions
-1y Sketches Filter... F2
~A Annotations

i: Analysis

2
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2= Edit Objective Function |i
Mame: MIN_MAX_STRESS
Task:  Task-1 (Shape, Condition-based)
Target: | Minimize design response values E|
Design Response
+% 7 ¥ 1

2 Reference
Name Weight Target Type

[ DRESP_MISES 1 Default Stress

DOSRESED | The 3DEXPERIENCE” Company
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Example | Wind turbine hub

Step 4: Geometric restriction for a fixed region

=11 4 Optimization Tasks (1)
|

- X Design Responses (1)
DRESP_MISES

3 Objective Functions (1)
“ MIN_MAX_STRESS

E Constraints

i Geometric Restriction

E Stop Conditions

Switch Context Ctrl+5pace

4= Create Geometric Restriction e

-5 Sketches
~A Annotations

ig Analysis

Manager...

Filter... F2

Mame: | GR_FIXED

Task: Task-1
Type
Demold control (Shape)
Turn control
Drill control
Planar symmetry (Shape)
Member size (Shape]
Stamp control
Growth
Rotational symmetry (Shape)
Point symmetry (Shape)
Design direction
Penetration check

Slide region control

[ Continue... ] Cancel
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Example | Wind turbine hub

Step 4: Geometric restriction for a fixed region

e - . =
5 Region Selection 4= Edit Geometric Restriction =

Eligible Sets
MName: GR_FIXED

Sets below may contain vertices, edges, faces, cells or nodes,
Name filter: k- Type:  Fixed region
Task:  Task-1 (Shape, Condition-based)

Name Type

NSET_DESIGN_NODES Node Region: NSET_FIX
SURF_COUPLING_17 Node Csys: (Glabaly [p L
SURF_COUPLING 18 Node [ 1-direction
SURF_COUPLING_19 Node

[¥] 2-direction
[¥] 3-direction

Ignore in first design cycle
|] Highlight selections in viewport

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




Example | Wind turbine hub

Step 5: Creation of an optimization task

E| X Optimization Tasks (1)
B Task-1

E| I Design Responses (1)
- DRESP_MISES
B 5 Objective Functions (1)
- MIN_MAX_STRESS
E Constraints
E| I Geometric Restrictions (1)
. . GRFIXED
t Stop Conditions

- Sketches

3DS.COM © Dassault Systemes
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i; Analysis

.g. Jobs

%@ Adaptivity Processes
Bf Co-executions

-HE Optimization Processe

Switch Context Ctrl+5Space

Manager...

Filter...

F2

4% Edit Optimization Process

MName: Shape_hub

Model: hub

Task: Task-1 E| (Shape, Condition-based)
Description:

Optimization | Submission | Memory I Parallelization |

Controls
Maximum cycle

Data save: (@) Specify cycles

Every cycle

5
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Step 5: Creation of an optimization task

Example | Wind turbine hub

Optimization | Submission | Memory | Parallelization |

2= Edit Optimization Process £
MName: Shape_hub
Model: hub H
Task: Task-1 E| (Shape, Condition-based)
Description:

Controls

. .
IMa)ﬂmum cycles: 6= I

Data save: () Specify cycles

A =

= Edit Optimization Process B
MNarme: Shape_hub
Model: hub H
Task: Task-1 E| (Shape, Condition-based)
Description:

| Optimization | Submission | Memory| Parallelization |

Use multiple processors | 4 5 I More CPUs
[] Use GPGPU acceleration 1= can be used

Domain

Multiprocessing mode: | Default E|

-OK -Cancel

2
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Example | Wind turbine hub

Step 6: Write out the files of the optimization task

= X Optimization Processes (1]

Switch Context Ctrl+5pace

Edit.. The following files are created
S in the defined work directory:

Rename...

o= = o Abaqus input deck:
m Shape_hub-Job.inp

Validate
Restar o Tosca parameter file:
e Shape_hub.par

Extract...

Combine...

sault Systemes

3DS.COM © Das:

Results

Set As Root
Expand All Under
Collapse All Under

2
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Example | Wind turbine hub

Step 7: Tosca parameter file

"] Shape_hub - Notepad

Open up the Tosca parameter file
“‘Shape_hub.par”in a text editor

2
DS simuLIA

" The parameter file is the fundamental

settings file for Tosca. It contains all
necessary data for an optimization.

(e.g. Type of optimization, design variables,
objective function, constraints, restrictions...)
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Example | Wind turbine hub

Step 7: Tosca parameter file — Design response

Design Response: DRESP_MISES

DRESP
ID_MNAME = DRESP_MISES
LIST = NO_LIST
DEF_TYPE = SY5TEM
TYPE = 5IG_MISES

ND_GROUP = NSET_DESIGN_NODES
GROUP_OFPER = MAX

LC_SET = ALL, 1, ALL, MAX
LC_SEL = MAX
END_

2 Edit Design Response = 2 Edit Design Response =
Mame: DRESP_MISES Mame: DRESP_MISES
Type  Single-term Design Response Type  Single-term Design Response
Task:  Task-1 (Shape, Condition-based) Task:  Task-1 (Shape, Condition-based)
Region: NSET_DESIGN_NODES Region: NSET_DESIGN_NODES [}
CS¥S: (Global) [y A Cs¥s: (Global) [3 A
Variable | Steps Variable | Steps
Show available selections: For objective functions () For constraints Source of Valuss: ), Use st step and astIoad case from the current model
Maximum principal Specifys
Strain 2nd principal stress
Contact stress Minimum principal + B
Strain energy density Absolute minimum principal sl Stepand " Lower  Upper
Volume Absolute maximum principal Lood Case lodes  \iode  Mode
quency calculated with Beltrami hypothesis hub* STEP 1 SUBCASE 1 (STEP 1)
Drucker-Prager hypothesis
Galilel hypothesis
Kuhn hypothesis
Mariotte hypothesis
Mises hypothesis
Sandel hypothesis
Sauter hypothesis
Tresca hypothesis
o w i Shell layer values: | Maximum [

2
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Operator on values in region: Maximum value

Operator on values across steps and load cases: | Maximum value [v]

Operator on values in region: Maximum value

Operator on values across steps and load cases: | Maximum value [v]
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Example | Wind turbine hub

Step 8: Definition of a symmetry restriction within the parameter file

axis

planes of
symmetry

In addition to the basic
optimization setup which was S
defined in Abaqus/CAE the
following symmetry restriction is /
now directly added within the

Tosca parameter file. The design area is basically divided into a set of segments
(in this case 3) which are repeated around a rotational axis.
Additionally this constraint ensures that the optimization
displacements within each segment show a planar
symmetry (see yellow planes); further information in the
Tosca Structure documentation, page 2-345

sault Systemes

3DS.COM © Das:

CYCLIC_SYM_START

2
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Example | Wind turbine hub

Step 8: Definition of a symmetry restriction within the parameter file

Copy the following
lines into the
parameter file!

2
DS simuLIA

I Link Condition: LINK_SURF_CYCLIC_PLANE_SYM
|
LINK_SHAPE
ID_NAME = LINK_SURF_CYCLIC_PLANE_SYM
MASTER = MAX
CLIENT = SURF_CYCLIC_PLANE_SYM
CYCLIC_SYM_START= 0.,0., 1.
CLIENT_DIR=1.,0.,0.
CS=CS_0
TOL=0.1
ANGLE = 120.
END_

I Geometric Restrictions: GR_SURF_CYCLIC_PLANE_SYM
|
DVCON_SHAPE
ID_NAME = GR_SURF_CYCLIC_PLANE_SYM
ND_GROUP = NSET_DESIGN_NODES
CHECK_BC =NO
CHECK_LINK = LINK_SURF_CYCLIC_PLANE_SYM
FEASIBLE_START = YES
END_

I

1

! objective Function: MIN_MAX_STRESS
!

OBI1_FUNC
ID_NAME = MIN_MAX_STRESS
DRESP = DRESP_MISES, 1.
TARGET = MIN

END_

!'———— COPY BELOW THIS POSITION -----—- !

!
[
! Geometric Restriction: GR_FIXED
!
DVCON_SHAPE
ID_NAME = GR_FIXED
ND_GROUP = NSET_FIX
CHECK_DOF = C5_0, FIX, FIX, FIX
FEASIBELE_START = YES
END_

DZYEL?SSEE#;{ | The 3DEXPERIENCE" Company
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Example | Wind turbine hub

Step 8: Definition of a symmetry restriction within the parameter file

| Task: Task-1
I

OPTIMIZE

ID_NAME = Task-1
DV = Task-1_DESIGN_AREA_

OBJ_FUNC = MIN_MAX_ STRESS

Copy the following DVCON = GR_FIXED

: : I--—COPY BELOW THIS POSTITION -—-!
ling into the DVCON = GR_SURF_CYCLIC_PLANE_SYM }-
parameter file! STRATEGY = SHAPE_CONTROLLER

MESH_SMOOTH = Task-1_MESH_SMOOTH_
END_

2
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Example | Wind turbine hub

Step 8: Definition of a symmetry restriction within the parameter file

I Link Condition: LINK_SURF_CYCLIC_PLANE_SYM T axs
| planes of
LINK_SHAPE symmetry
ID_NAME = LINK_SURF_CYCLIC_PLANE_SYM N

MASTER = MAX
[CLIENT = SURF _CYCLIC PLANE SYM] a

CYCLIC_SYM_START= 0.,0., 1.

CLIENT_DIR=1.,0.,0.

CS=CS.0

TOL = 0.1

= 1200 CYCLIC_SYM_START
END_ Further information in the Tosca

Structure documentation, page 2-345

2
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Example | Wind turbine hub

Step 9: Submission of the optimization task

B Command Prompt

h8.A4/2014 @5: 51 PH 11.847.2%94 Shape_hub—Joh.inp
5 2,986 Shape hub. par

d:=~H3B\B5_27_Tosca Tue dayﬂ\Tue“day"\Tuef‘day 588 _UYork_directory>dir
p J Directory of d:“H3IB\B5_27 Tosca_Tuesdays Tuesdays\Tuesday_5-08 UWork_directory
A6 : 52 Pn <DIR>
S]lape ] h

In order to submit the 2rilecs | ti0h2mg bofer
mode of Abaqus/CAE is v wmm aw o
used within this example S0 P %

Open up a command line and navigate to
the defined work directory where the Abaqus
input deck (*.inp) and the Tosca optimization
file (*.par) are located.

2
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Example | Wind turbine hub

Step 9: Submission of the optimization task

sault Systemes

Use the following command
line to submit the Tosca
optimization from batch mode.

3DS.COM © Das:
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abq6134 optimization —j Shape_hub —task Shape_hub

(0]
abaqus optimization —j Shape_hub -task Shape_hub

The Tosca optimization should then start and an
optimization directory called “Shape_hub” is created.
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Example | Wind turbine hub

Step 9: Submission of the optimization task

The status of the optimization
can be checked through the
outputfile “TOSCA.OUT”.

It is located in the
“‘Shape_hub” directory.

3DS.COM © Dassault Systemes
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(INFO ) [18:57:08]|atom perl]
{INFO ) [18:57:08|atom perl] Tpsca for Ebagus
(INFO ) [18:57:08|atom perl]
(INFO ) [18:57:08latom perl] Version Zbagus 6.13-4
(INFO ) [18:57:08]|atom perl] Build: 80_1312139-010015
{INFO ) [18:57:08|atom perl] Copyright (c}) 2013 by FE-DESIGN GmbH and Da3sauli 3ystsmes, all rights reserved
(INFO ) [18:57:08|atom perl]
(INFO ) [18:57:08latom perl] Logging to STDOUT at lgglevel NOTICE
(INFO ) [18:57:08|atom perl] Logging appended to leg-file "Shape_hub\TOSCR.OUT" at Jaglsvel INFO
[NOTICE |} [18:57:02|atom perl] Legfile: Shape hub\TOSCA.OUT
(INFO ) [18:57:08|atom perl] Tosca for Abagus Time information: 04.08.2014 at 18:57:08

I NN
(INFO ) [18:06:46|atom opt] Zpplication finished successfully
(INFO ) [19:06:46|atom perl] Elapsed time of atocm opt.CMD : 00:00:12 - current time: 19:06:46
(INFO ) [19:06:46|atom perl] Total Elapsed time of Tosca for Bhagug : 00:09:38 - current time: 19:06:46
(INFO ) [18:06:468|atom perl] Tosca for jhagud Time information: 04.08.2014 at 19:08:44
INFQ 13:06:46|atom rl Sha hub\TOSCA. OUT
(HOTICE ) [18:06:46|atom perl] Tosca for Bhagus ended successfully

N

The optimization finishes after ~10 minutes (4 CPUS).
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Example | Wind turbine hub

Step 9: Submission of the optimization task

The status of the objective
function and other design
responses can be checked in the
‘optimization_report.csv” file.

2
DS simuLIA

A
1 ITERATION
2 Norm-Values:
3

L= - TR = R =

a
3

= R R SR

B C D
MIN_MAX_STRESS  OBJ_FUNC_DRESI OBJ_FUNC_TERM:DRES

56672.81 82315.05 56672.81

56672.81 82315.05 56672.81

52058.05 76313.32 52058.05

52019.06 75931.41 52019.06

50922.51 74525.66 50922.51

49070.2 72408.71 49070.2

46899.95 69993.7 46899.95

46303.93 69169.37 46303.93
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Example | Wind turbine hub

Step 10: Visualization in Abaqus/CAE ( 4\ Optimization has to be completed)

E| it 4 Optimization Processes (1)

-

Igl Job Switch Context Ctrl+5pace
Edit...
Copy...
Rename...
Delete... Del
Write Files
Validate
Submit
Restart
Monitor...
Extract...
Set As Root
Expand All Under
Collapse All Under

2
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2 Combine Optimization Results =
Optimization result directory: | D:AH3B\05_27 Tesca Tuesdays\Tuesdays\Tuesday 5\08 Work directory\Shap @
Analysis Result
Create bas results from: Initial -] 2
Optimization cycles to process: | )] E|
p—
[ Modeis v Steps
Shape_hub-Job STEP_1
» v
Analysis Field Varizbles
©) Select from list below (@ Preselected defaults () All () Editvariables
sy,
Cre
CIrRMm
s
u
[Iur
Shape Optimization Results
Field Variables
History Variables

P
DS SUSTElEs
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Example | Wind turbine hub

Step 10: Visualization

4= Combine Optimization Results Monitor

Optimization process: Shape_hub Status: Completed |Shape_hub-lob [+]

Log

Creating field output from
Odb:'D:\H38\05_27_Tosca_Tuesdays\ Tuesdays\Tuesday_5\08_Work_directory\Shape_hub\SAVE
.odb\Shape_hub-Job_005.0db', Step:'STEP_1', Frame:l...

Creating field output from
‘DAH3B105_27_Tosca_Tuesdays\ Tuesdays\ Tuesday_5\08 Work_directory\Shape_hubl\SAVE.onf\
SHAPE_005.0nf'..

Creating frame ‘Optimization Design Cycle-6'...

Creating field output from
Odb:'D:\H38\05_27_Tosca_Tuesdays\ Tuesdays\ Tuesday_5\08_Work_directory\Shape_hub\SAVE
.odb\Shape_hub-Job_006.0db', Step:'STEP_1', Frame:l...

Creating field output frem
‘DAH3B105_27_Tosca_Tuesdays\ Tuesdays\ Tuesday_5\08 Work_directory\Shape_hub\SAVE.onf,
SHAPE 006.0nf'...

Creating history output from

on_status_all.csv'..

Combining optimization results completed successfully.

'D:A\H3B\05_27_Tosca_Tlesdays\ Tuesdays\Tuesday_5\08_Work_directory\Shape_hub\optimizati

m

Search Text
Text to find: [ Match case [l Next § Previous

B HE Optimization Processes (1)

-

Switch Context Ctrl+5pace
Edit...

Copy...

Rename...

Delete... Del
Write Files

Validate

Submit

Restart

Menitor...

Extract...

Combine...

Set As Root !!

Expand All Under
Collapse All Under
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Example | Wind turbine hub

Step 10: Visualization

4 Abaqus/CAE 6.13-4 - Model Database: D:H38\05_27_Tosca Tuesdays\Tuesdays\Tuesday_5\07_FINAL\TTT_05, 4 Abaqus/CAE 6.13-4 - Model Database: D:\H38\05_27_Tosca Tuesdays\Tuesdays\Tuesday_5\07_FINAL\TTT_05 Shape optimizatio.. | = | & %
[3] Fle Model Viewpot View Resuit Plot Animate Report | Ele Model Viewport View Besult Plot Animate Report Options Iools Plug-ins Help X7 - (8 [ I
CL L < 3 1 By primary (O ESS & ¢ <L) blpimey fs dwe RN HBIDD
Lot Gittlsa A, 1 234X EAO
L] ] NG =% &
1o B2 B Visuslization defoutts [+] () ~ 1o B¢ B Visuslization defoutts [+| () vi
[ Model | Resutts Modek:[2 D/H38/05 27 Tosca Tuesday 4 41 1> W | & [ 5 | "Modet | Resuts Module: |2 Visualization Mede:-",v:rnss.«)s,zv,hsujuuawy|« 4 P FBED
Session Dafy] Session Dafy] +
@& Output Databases (1) & Output DatabasgN)
&) Model Database (1) 3165 Model Databa;
4 [l Spectrums @) 0[] Spectrums
BB XvPlots B8 xvPlot:
B xvData B xvoata
[, Paths [, Paths
# 4 Display Groups (1) ¥ s Display
[ Free Body Cuts [ Free Body Cuts
& Streams & streams
BE Movies B Movies
Images B mages
L)
DB Shape st sastods Abstey/Sisesens 6134 Han Avg D4 1911149 Exsiin Cayighi Tme 2014 i Jab_ousload AbscySiansis 6134 Mos Aug B4 111149 Easiein Dayight Tme 2014
. ST ST A i, S et e s s s TE '3 15T 1_SUOCASE 1 ot S ol sl s eton desgs e of sy i T
2
#®
‘ i ’ 5 simuLinl ‘ i ’ X simuLin)|
] |The nodel "hub” has been inported from sn input file T | [The nodel "hub" has been inported from an input file B
Please scroll up to check for error and verning aesssges [l |P1ase seroll up to check for exzor end varning nessages
. The nodel datsbase hes been saved to [ The nodel datsbase hes been saved
o RSBN05 37 Tasca. Tassdays<Tusedsys\Tuesday_507_FINALNTTT_05_Shape_opt inization_of_a_vind E D TRIBN05 27 Tosca. TaesdaysTucedays\Tuesday_5\07_FINALTTT_05_Shape_optinization_of _a_wind
_turbine_hub_done cae" | _turbine_hub_done cae”
The nodel database has been saved The nodel database has been saved
*D:\H3IE\05_27_Tosca, Tussdays\Tuesdaysxrussday_sxn7 FINALNTTT_05_Shape_optimization_of_a_wind (= *D:\HIB\05_27_Tosca. TuesdaY;\Tuesdays\Tuesvda‘/_s\O7 FINAL\TTT_05_Shape_optinization_of_a_wind (£
_turbine_hub_done cae” _turbine_hub_done cas’
Tl\ atabase has been Saved to . - h atabage has been saved Jto -
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Example | Wind turbine hub

Step 10: Visualization

Module: I% Visualization E| Model: I. D:/H3B/05_27_Tosca_Tuesdays/Tuesdays/Tuesday_5/08_Work_directory/Shape_hub/TOSCA Fi4d 4l 1> PM @ @

[
a
S+ Frame Selector

STEP_1_STEP_1 SUBCASE 1 Optimization
STEP_1_STEP_1_SUBCASE_1_Optimization: On: 6
] |

Scroll through each
optimization cycle

ODE: Shape_nub-lab_pasladb AbaqustStandaid B:41-4  Man Aug D4 19:11:49 Esslein Daylgni Time 2014

EP_1_STEP_1_SUBCASE_1_Oplimizalian, Step canlaining resulls aplimizatian design cycles al analys siep: STEP_1, STEP_1_SUBCASE 1
Vian Design Cycle-6
Var: 5, ez
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Step 10: Visualization

% Abaqus/CAE 6.13-4 - Model Database: DAH3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_5\07_FINALVTTT_05.Shape_optimization_of_a_wind turbine_hub_done.... = &)

[® File Model Viewport View Result Plot Animate Report
= T
LEESSEE +C BN
CTRLINPUT(OPT Jeqv.
DISP_NORMAL VAL

[ Model | Results

Module: [3 Visualization =] Modet [~ |1
)
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Session Dafy] = [¢ kel
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%% Display Groups (1)
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CTRLINPUT(OPT.)equ.
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Optimization
displacements of
design nodes

[] | 'D:\H3B\05_27_Tosca Tuesdays-Tussdays\Tuesday_S\07_FINAL\TTT_05_Shape_optinization_of_a_wind_turbine_hub_done.cas *

T The nodel datsbase has been saved to
\E” “D:\H3B\05_27_Tosca_Tuesdays\Tuesdays\Tussday_S\07_FINAL\TTT_05_Shape_optimization_of_a_wind_turbine_hub_done cae (&
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