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Tosca Tuesday #3

Basics: Topology optimization

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

Fundamental concept

> Design variables: Density value (0% - 100%) of each element from a given design space

» Goal: Calculate an optimal design proposal in a given design space under consideration of
all boundary conditions, constraints and geometric restrictions

> Result: Best material distribution for a given optimization problem
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Basics | Topology optimization

Fundamental concept

> Design variables: Density value (0% - 100%) of each element from a given design space

» Goal: Calculate an optimal design proposal in a given design space under consideration of
all boundary conditions, constraints and geometric restrictions

> Result: Best material distribution for a given optimization problem

> Examples of possible topology optimization tasks
* Maximize stiffness with volume constraint
*  Minimize volume with displacement constraint
» Maximize stiffness with frequency constraints
» Minimize displacement with volume constraint
» Maximize first eigenfrequencies
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Basics | Topology optimization
Smoothing

» Topology optimization result: » Result smoothing:
Discrete material distribution Calculation of an Isosurface for a
(density value for each design element) defined density value (iso-value)
s || e e g
“ bk~
[ @ ¥-Plane ™ OO
[ ¢ Z-Plane | A
oot — e orre:

[] Allow for multiple cuts
Motion of Selected Cut

Isosurface variable: MAT_PROP_NORMALIZED

0.001 1
Value: |03 T |
Sensitivity: 1 % 0.001 1

View Cut Manager
in Abaqus CAE
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Basics | Topology optimization

Strain Energy (Compliance)

> One of the most common topology optimization tasks is to find a structure with maximum
stiffness under a given volume or weight restriction.

» Compliance is a measure of the overall flexibility or “softness” of a structure given by the sum of
elastic or strain energy in a structure. Thus, compliance can be seen as a stiffness measure or
more correctly the reciprocal of stiffness.

> In order to maximize the global stiffness we therefore minimize compliance (if the loads for the
model are applied as external forces or pressure). Compliance is defined in Tosca Structure by
the sum of strain energy of all elements:

Strain Energy: c=Y ulKu
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Basics | Topology optimization

Energy stiffness measure

> It is important to note that whether to minimize or to maximize the sum of the strain energy
(compliance) depends on the loading types and boundary conditions.

> If the loads in the model are applied as external forces or pressure, then the objective function
(compliance) has to be minimized.

> If only prescribed displacements are assigned and no external forces, then the objective
function (compliance) has to be maximized.

> |f simultaneously prescribed displacements and external loading are assigned then a new
design response called energy stiffness measure can be used.

> Please note that the energy stiffness measure has to be minimized and it is only available for the

sensitivity based topology optimization.
P
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Basics | Topology optimization

Energy stiffness measure

Minimize Energy Stiffness Measure
(Forces & displacements are applied)

Minimize Strain-Energy Maximize Strain-Energy
(Forces are applied) (Displacements are applied)
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Tosca Tuesday #3

Basics: Topology optimization

Example: Topology 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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Courtesy of www.talentfactory.dk
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Example | Wind turbine hub

Basic model: Loading and boundary conditions

3DS.COM © Dassault Systemes
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Example | Wind turbine hub

Topology Optimization: Setup

> Obijective function
- Minimize total strain-energy (= maximize stiffness)

> Constraint

- Volume constraint: Use less than 60% of the design space
> Geometric restrictions

- Rotational symmetry

- Planar symmetry

« Minimum member size

- Demold restriction

- Frozen elements

ult Systémes
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Example | Wind turbine hub

Topology Optimization: Used element sets

3DS.COM © Dassault Systemes

Complete model Design elements Frozen elements
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Example | Wind turbine hub

Topology Optimization: Used element sets

3DS.COM © Dassault Systemes
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Example | Wind turbine hub

Step 1: Topology optimization task

#3 Models (1)
= Hub
s Parts (1)

|E Materials (1)

8% Calibrations 'y - I
92 Sections (8) 2= Create Optimization Task |i| 57 Region Selection

@‘ Profiles Eligible Sets

8 A b Mame: | Task-1 .

ssembly Sets below may contain elements, cells, shell faces,

ofa Steps (2) or wire edges.

B Field Qutput Requests (1) Name filter: ol

Eﬂ Histary Output Requests (1) Sh " t

[ Time Points X ape op! .|m.\za .IDI"I Name | Type

By ALE Adaptive Mesh Constraints sizing optimization ESET_A Element
-G Interactions ESET_B Element

- Interaction Properties ESET_C Element
- Q:Q Contact Controls Element

@ Contact Initializations ESET_FROZEN Element

4 Contact Stabilizations HUB-1.P1 Element =

Q] Constraints (20)

JE Connector Secti Highlight selections in viewport
F Fields — =
L
Pq Amplitudes (1) -_on inus __.smlgs
% Loads (6)
L BCs 3)
B Predefined Fields
Remeshing Rules

QI § Optimization Tasks|

1Y Sketches Switch Context Ctrl+Space
A Annotations Manager...
ii Analysis

Filter... F2
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Example | Wind turbine hub

Step 1: Topology optimization task

4 Edit Optimization Task

4= Edit Optimization Task

Name: Task-1
Type: Topology
Region: ESET_DESIGN_SPACE

Basic | DEnsity | Perturbation | Gonvergence! | Advanced

[ Freeze load regions

["] Freeze boundary condition regions

3DS.COM © Dassault Systemes

Cancel

MName: Task-1
Type: Topology
Region: ESET_DESIGM_SPACE

| Basic | [Ensity | Perfurbation | e) 'EI'C_IEIT-:E-| Advanced

Algorithm: () General optimization (sensitivy sed)

I @ Condition-based optimization (

Size of increment for volume moedification: | Medium E|

x. design cycles: (19
Volume deleted in the first cycle:

@ As a percentage: |5

) Asvolume:

2
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In this example the
condition-based or
controller-based
strategy is used!
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Example | Wind turbine hub

Step 2: Design response for volume

b @l Design Responses

*‘@ Objective Functic Switch Context Ctrl+5pace

B Constraints Manager...

>h} Geometric Restric
E Stop Cenditions Filter... B2
“IY Sketches

Annotations
Analysis

2
DS simuLIA

-
a5 Create Design Response

Mame: | DRESP_VOLUME

Type

Combined-term

Single-term

5

Whole Model | |Body (elr{nenis} Point (nodes)
Loy’
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Example | Wind turbine hub

Step 2: Design response for volume

o= Edit Design Response

4 Region Selection

Eligible Sets

Sets below may centain elements, cells, shell faces,
or wire edges.

Mame filter: :Q"
|Type
Element
Element
Element
Element
ESET_FROZEN Element
HUB-1.P1 Element
HUB-1.P2 Element
HUB-1.P3 Element

|| Highlight selections in viewport

m

2
DS simuLIA

Mame: DRESP_VOLUME

Type:  Single-term Design Response

Task:  Task-1 (Tepology, Condition-based)
Region: ESET_DESIGN_SPACE

C8YS: (Globald [p L

Variable | Steoc

Show available selections:

Strain energy

Velume

All ) For objective functions

or constraints

Volume

Operator on values in region: Sum of values

= Sum of values

%Eﬁéff#g{ | The 3DEXPERIENCE" Company
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Example | Wind turbine hub

Step 3: Design response for total strain-energy

EI 1= Optimization Tasks (1)
) Task-1

E b Ol Design Responses (1)

© ' DRESP_VOLUME

Switch Context Ctrl+5pace

4 Create Design Response

# Objective Functions

K Stop Conditions
1Y Sketches
~f Annotations

Manager...

- Geomnetric Restrictio Filter... B2

Set As Root
Expand All Under
Collapse All Under

MName: | DRESP_STRAIN_EMERGY

Type

Single-term

Combined-term

Whole Moqu] [Eody (el.ements]] [ Point (nodes) ]

i; Analysis

2
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Continue... ]

Cancel
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Example | Wind turbine hub

Step 3: Design response for total strain-energy

a5 Edit Design Response =

Name: DRESP_STRAIN_ENERGY
Type  Single-term Design Respanse
Task:  Task-1 (Topology, General)
Region: (Whole Model)

CSYS: (Globaly [ L

Variable | Steps

Show available selections: @ All ) Far objective functions () For constraints
-

Stress.

Energy stiffness measure

Volume

Weight

Displacement

Rotation

Eigenfrequency calculated with Kreisselmaier-Stei
Eigenfrequency from modal analysis
Reaction force

Reaction moment

Internal force

Trtarnal mnment
.

T r

Operator on values in region: | Sum of values B

- | Sum of values

2= Edit Design Response

Narne: DRESP_STRAIN_ENERGY

Type: Single-term Design Response

Task:  Task-1 (Topology, Condition-based)
Region: (Whole Model)

csvs: (Global) [3 L

Variable | Steps

Source of values:

") Use last step and last load case from the current model
Specify:

Step and Lower Upper
Model Load Case 0deS  Mode  Mode
Shell layer values: | Maximum
Operator on values in region: | Sum of values H
Operator on values across steps and load cases: | Sum of values E| I
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Example | Wind turbine hub

Step 4: Objective function (= minimize total strain-energy)

& Edit Objective Function [ =
& [I'I Optimization Tasks {1} Name: MIN_STRAIN_ENERGY
=] T:ESkx'l Task: Task-1 (Topology, General)
. DRESP STRAIM EMERGY 2= Create Objective Function [ = ] Target: | Minimize design response values E|
- DRESP_VOLUME Name: | MIN_STRAIN_ENERGY PeignREpons
- .l Objective Functions Task:  Task-1 + %y I
% Constraints Switch Context Ctrl+5pace [ == ] [ pa— Nome m— Reference e
- Geometric Restric  Manager... s
Z Stop Conditions [l DRESP_STRAIN_EMERGY [l 0 Strain energy
1L Sketches Filter.. R2
- Annotations
i: Analysis
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Example | Wind turbine hub

Step 5: Volume constraint

=] 1 Optirmization Tasks (1)
B Task-1
B I Design Respenses (2]
© | DRESP_STRAIN_ENERGY
- DRESP_VOLUME
E| 4@ Objective Functions (1)
S MIMN_STRAIN_EMERGY

oo

-7 Geometric Switch Context Ctrl+5pace
Z Stop Condi Manager...

- Sketches

~A Annctations Filter... F2

i: Analysis

2
DS simuLIA

4= Create Constraint

Mame: | CON_VOLUME
Task: Task-1

[Cont'mue...] [ Cancel

5

% Edit Optimization Constraint

Mame: COM_VOLUME
Task:  Task-1 (Topology, Condition-based)

Design Response
Name: | DRESP_VOLUME [+] T
Type:  Volume

Constrain the response to:

) Afixed value:

@ Afraction of the initial value: 045

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

Step 6: Geometric restriction for frozen elements

.
4= Create Geometric Restriction [ = | 2 Region Selection I
) Mame: | GR_FROZEN Eligible Sets
; L Sets bel ttain elements, cells, shell faces,
=) |}! Optimization Tasks (1) .- w‘;”:::;rer:y contain elements, cells, shell faces,
=2 Tlask-l Tye Name filter: Rl
=] I Design Responses (2) s Name Type B
- DRESP_STRAIN_ENERGY FSETA Flement )
. DRESP VOLUME Member size (Topology) ESETB Element 3
- ESET_C Element
) & Objective Functions (1) Demold control (Topology) ESET_DESIGN_SPACE Element
 MIN_STRAIN_ENERGY Plonar symmetry (Topolegy)
El E Rotational symmetry (Topology) HUB-1.P1 Element -
- COM_VOLUME Cyclic symmetry Highlight selections in viewport
8 G cometic Restricti Point symmetry
g Geometric Restrictions onfinue.., ismiss
ti Stop Condit Switch Context Ctrl+5Space
I sketches Manager... & Edit Geometric Restriction [
~A Annotations
ig Analysi Mame: GR_FROZEM
nalysts Filter.. F2

Type: Frozen area
Task:  Task-1 (Topology, Condition-based)
Region: ESET_FROZEN

Note: Load and boundary condition regions can be

automatically frozen using settings in the Task Editor.
A= o
oK
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Example | Wind turbine hub

Step 7: Geometric restriction for rotational symmetry

El i 4 Optimization Tasks (1)
= Task-1

E| I Design Responses (2)
DRESP_STRAIM_EMERGY
DRESP_VOLUME
£l 48 Objective Functions (1)
MIN_STRAIN_EMERGY
E‘E Constraints (1)
CON_VOLUME

Geometric Restrictions (1

GR_FROZEN

=

Switch Context Ctrl+5Space

t Step Conditions
I& Sketches

~A Annotations

ii Analysis

Manager...

Filter...

Set As Root
Expand All Under
Collapse All Under

R —

F2

4= Create Geometric Restriction

2
DS simuLIA

Mame: | GR_ROT_SYMMETRY
Task: Task-1
Type
Frozen area
Member size (Topology)
Demeld contrel (Tepology)
Planar symmetry (Topelogy)

Rotational symmetry (Topology)

Cyclic symmetry
Point symmetry

[ Continue... ]

Cancel

5

4% Region Selection

Eligible Sets

Sets below may contain elements, cells, shell faces,
or wire edges.

Highlight selections in viewport

Mame filter: "Q"

Name Type
ESET A Element
ESET_B Element
ESET_C Element
ESET_FROZEN Element
HUB-1.P1 Element

Dismiss

Lo

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

Step 7: Geometric restriction for rotational symmetry

5 Edit Geometric Restriction

Mame: GR_ROT_SYMMETRY

Type:  Rotational symmetry (Topelogy)
Task: Task-1 (Topology, Condition-based)
Region: ESET_DESIGM_SPACE

Rotational Axis of Symmetry

- @1020
CSYS: (Global) [y L
Repeating segment size (degrees): | 120 I

[T] Ignore frozen area
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Example | Wind turbine hub

Step 8: Geometric restriction for planar symmetry (region A)

=] It 4 Optimization Tasks (1)
B Task-1
B I Design Responses (2)
DRESP_STRAIN_ENERGY
DRESP_VOLUME

- MIN_STRAIN_ENERGY
BE Constraints (1)
. CON_VOLUME

4y Geometric Restrictions (2

GR_FROZEM

Switch Context Ctrl+5Space

3DS.COM © Dassault Systemes

- GR_ROT_SYMMETRY
Z Stop Conditions
-y Sketches

~A Annotations

i; Analysis

Manager...

Filter... l ! F2

Set As Root
Expand All Under
Collapse All Under

2
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4% Create Geometric Restriction

MName: | GR_PLAM_SYM_A
Task: Task-1

Type

Frozen area

Member size (Topology)
Demold contral (Topology)
Rotational symmetry (Topology)
Cyclic symmetry

Point symmetry

Caontinue... Cancel

5

4= Region Selection

Eligible Sets

or wire edges.

[] Highlight selections in viewport

Sets below may contain elements, cells, shell faces,

Dismiss.

Name filter: Rl

Name Type
ESET_B Element
ESET_C Element
ESET_DESIGN_SPACE Element
ESET_FROZEN Element
HUB-L.P1 Element
HUB-1.P2 Element
HUB-1.P3 Element

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

Step 8: Geometric restriction for planar symmetry (region A)

2 Edit Geometric Restriction [ = ]
Mame: GR_PLAMN_SYM_A .
T e /—> Datumn CSYS List...
Type:  Planar symmetry (Topology) /
Task: Task-1 (Tepeology, Condition-based)
2 Datum CSVS List [ = ]
Region: ESET_A
MNames
Normal to Symmetry Plane
s @ g HUB-1-CSY5_B
Ais D1 @2 (03 HUB-1-CSV5.C.
CSYs: HUE-1-CSYS_A k L Transform_T-HUB-1-CSYS_A
B Transform_T-HUB-1-CSYS B \.\ |
Transform_T-HUB-1-CSYS_C
[] Ignore frozen area Dastum csys-1
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Example | Wind turbine hub

Step 8: Geometric restriction for planar symmetry (region B & C)

Repeat for
region B and
region C

2
DS simuLIA

-

o= Edit Geometric Restriction

Mame: GR_PLAM_SYM_B

Region: ESET BJ [

Type:  Planar symmetry (Topology)
Task:  Task-1 (Topelogy, Condition-based)

A Mormal to Symmetry Plane
Ais: 1 @203
C5Y¥5 HUB-1-CSYS B

[ Ignore frozen area

R A

o= Edit Geometric Restriction

Mame: GR_PLAM_SYM_C

Region: ESET_C| [

Type:  Planar symmetry (Topology)
Task:  Task-1 (Topelegy, Condition-based)

A Maormal to Symmetry Plane
Aois: 1 @2 (03
CSY¥5S: HUB-1-CSYS

[ Ignore frozen area

R A

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

Step 9: Geometric restriction for demold-able design (region A)

EI 1z Optimization Tasks (1)
Bl Task-1

S 4 Design Responses (2)
- DRESP_STRAIM_EMNERGY
- DRESP_VOLUME
[l 48 Objective Functions (1)
- MIM_STRAIN_ENERGY
é E Constraints (1)
- CON_VOLUME
3
- GR_FROZEN Switch Context Ctrl+Space
- GR_PLAN_SYM_A T
ooy TS
 GR_PLAN_SYM.C Filter... F2
: GR_ROT_S\"-MMEI'RY Set As Root
Z Stop Conditions

Expand All Under

I Sketches
Annotations Collapse All Under

2
DS simuLIA

a5 Create Geometric Restriction

Mame: | GR_DEMOLD_A
Task: Task-1

Type

Frozen area

Member size (Topology)

Demeld control (Topology)

Planar symmetry (Topology)
Rotational symmetry (Topology)
Cyclic symmetry

Point symmetry

Continue...

Cancel

5

4= Region Selection

Eligible Sets

Sets below may contain elements, cells, shell faces,
or wire edges.

Name filter: Rl

Name Type
ESET_B Element
ESET_C Element
ESET_DESIGN_SPACE Element
ESET_FROZEN Element
HUB-L.P1 Element
HUB-1.P2 Element
HUB-1.P3 Element

[] Highlight selections in viewport

n
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Example | Wind turbine hub

Step 9: Geometric restriction for demold-able design (region A)

2 Edit Geometric Restriction =

MName: GR_DEMOLD_A
Type:  Demold control (Topology)

Task:  Task-1 (Topology, Condition-based) Datum CSY' it r /I ‘ Pu"
Region: ESET_A k Direction
Collision check region: (Demold Region) Q & Daumcsts Lot =

Demold technique: Names

(©) Demalding with a central plane
HUB-1-CSY5 B
HUB-L-CSY5_C / \
Tra “HUB-1-CSY5 A ! g
Tra ~HUB-1-CS¥S B
y Tra ~HUB-1-CS¥5_C

7= Determine automatically

IB Forging (deform only in the pull direct\on]l
A () Stamping

(©) Demolding at the region surface

Pull Direction

CS¥S: HUB-1-CSYS & [

Vector: (1,0,0) k
- \ Pick the first point of the vector: |0.0,0.0,0.0 .
L g fwiy M

Pick the second point of the vector: | 1.0,0.0,0.0 DeS|gn

Infeasible
Design

Vector: (1,0,0) [3

2
7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




Example | Wind turbine hub

Step 9: Geometric restriction for demold-able design (region B & C)

Repeat for
region B and
region C

3DS.COM © Dassault Systemes
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A

% Edit Geometric Restriction

Mame: GR_DEMOLD_B

Type:  Demold control (Topelogy)

Task:  Task-1 (Topology, Condition-based)
Region: ESET B [

Collision check region: (Demold Region) Q
Demold technique:
(©) Demolding with a central plane

ane: | Determine automatically

(@ Forging (deform only in the pull direction)
() Stamping

(©) Demolding at the region surface

Pull Direction

CSYS: HUB-1-CSYS_B [p L

Vector: (-1,0,0) [»

Draft angle: |0

A\ Vector: (100) 1y

% Edit Geometric Restriction

Mame: GR_DEMOLD_C
Type:  Demold control (Topelogy)
Task:  Task-1 (Topology, Condition-based)

A

Region: ESET_C [ |

Collision check region: (Demold Region) Q
Demold technique:
(©) Demolding with a central plane

ane: | Determine automatically

(@ Forging (deform only in the pull direction)
() Stamping

(©) Demolding at the region surface

Pull Direction

CSYS: HUB-1-CSYS_C [p L

Vector: (-1,0,0) [»

Draft angle: |0

A\ Vector: (100) 3

DZYEL?SSEE#;{ | The 3DEXPERIENCE" Company




Example | Wind turbine hub

Step 10: Geometric restriction for minimal member size

=] It 4 Optimization Tasks (1)

B Task-1

& I Design Responses (2)
[ Objective Functions (1)
EJE Constraints (1)

GR_DEMOLD_A
GR_DEMOLD_B
GR_DEMOLD_C
GR_FROZEM
GR_PLAN_SYM_A
GR_PLAN_SYM_B
GR_PLAN_SYM_C

~ GR_ROT_SYMMETRY
Z Stop Conditions
-5 Sketches

3DS.COM © Dassault Systemes

2
DS simuLIA
32

[=}Sl Geometric Restrictions (8

Switch Context Ctrl+5Space

4= Create Geometric Restriction [ =

Manager...

Filter... F2
Set As Root

Expand All Under
Collapse All Under

MName: | GR_MIN_MEMBERSIZE
Task: Task-1
Type
Frozen area
Member size (Topology)
Demold control (Topology)
Planar symmetry (Topology)
Rotational symmetry (Topology)
Cyelic symmetry
Point symmetry

Continue... Cancel

5

4= Region Selection [ =

Eligible Sets

Sets below may contain elements, cells, shell faces,

or wire edges.

Mame filter: o

Name Type J=
ESET A Element

ESET B Element =
ESET.C Element

ESET_DESIGN_SPACE Element

ESET_FROZEN Element

HUB-1.P1 Element

HUB-1.P2 Element -

Highlight selections in viewport
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Example | Wind turbine hub

Step 10: Geometric restriction for minimal member size

2
DS simuLIA

= Edit Geometric Restriction

Mame: GR_MIN_MEMBERSIZE

Type:  Member size (Topology)

Task:  Task-1 (Topelogy, Condition-based)
Region: ESET_DESIGN_SPACE [

H Minirmium thickness: | 0.3

minimum membersize

no restriction

5

DASSAULT
SUSTEMES

69
{

maximum membersize
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Example | Wind turbine hub

Step 11: Submission of the optimization task

E]i: 4 optimization Tasks (1)

= Task-1

# X Design Responses (2)

H g Objective Functions (1)
]E Constraints (1)

=1 Geometric Restrictions (9)
- GR_DEMOLD_A

- GR_DEMOLD_B

- GR_DEMOLD_C

- GR_FROZEM

- GR_MIN_MEMBERSIZE
-~ GR_PLAN_SYM_A

- GR_PLAN_SYM B [}

- GR_PLAN_SYM_C

- GR_ROT_SYMMETRY
E Stop Conditions

1Y Sketches

E
£

3DS.COM © Dassault Systemes
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I 4
Y Sketches
~# Annotations
Bis Analysis
; .g. Jobs
'ﬁa Adaptivity Processes
Bl Co-executions

Bl 4 Optimization Processes

Switch Context Ctrl+Space

Manager...

Filter... F2

4% Edit Optimization Process

Mame: Topelogy_hub
Model: Hub

Task: Task-1
Description:

B (Topology, Condition-based)

Optimization |

| Memory |

Controls

@ Every cycle

Maximum cycle A

Data save: (©) Specify cycles

SUSTEMES

D7S DASSAULT
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Example | Wind turbine hub

Step 11: Submission of the optimization task

= Edit Optimization Process M) a5 Edit Optimization Process =
MNarne: Topology_hub MName: Topology_hub

Model: | Hub I Model: | Hub I
Task: Task-1 E| (Topology, Condition-based) Task: Task-1 E| (Topology, Condition-based)

Description: Description:

Optimization | Submission | M Yy | Parallelizati | | Optimization | Submission | Memory| Parallelization |

Controls Use multiple processors 4 I More CPUs
I Maximum cycles:| 20 = I [7] Use GPGPU acceleration 1= can be used

Data save: () Specify cycles Abaqus/E

A Every cycle lumber of domains
Parallelization method: |Domain

Multiprocessing mode: | Default El

Gone G
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Example | Wind turbine hub

Step 11: Submission of the optimization task

i: Analysis
E B jobs [ :
o = ¢ Dptimization Processes (1)
Bg Adaptmty.Processes £ Topology_hub (Completed)
. EH Co-executions . 2 B Jobs 20)
= Optimization Processes (1) - Topology_hub-Job_000 {Completed)
- Topology_hub-Job_001 (Completed)
Switch Context Ctrl+Space - Topology_hub-Job_002 (Completed)
Edit... - Topology_hub-Job_003 (Completed)
Copy... ~ Topology_hub-Job_004 {Completed)
e - Topology_hub-Job QoS —
- Topology_hub-Job H H .
Delete.. Del ] Computational time:

Write Files .
Validate  Topelegy hub-lob ~ 1h with 4 CPUs

- Topology_hub-Job,

B * Topology_hub-Job WU TCarmpreted
Restart - Topology_hub-Job_011 (Completed)

Monitor... - Topology_hub-Job_012 (Completed)
Extract... - Topology_hub-Job_013 (Completed)
Combine... ~ Topology_hub-Job_014 (Completed)

- Topology_hub-Job_015 (Completed)
Results

~ Topology_hub-Job_016 (Completed)
Set As Root - Topology_hub-Job_017 (Completed)
Expand All Under - Topology_hub-Job_018 (Completed)
Collapse All Under - Topology_hub-Job_019 (Completed)
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Example | Wind turbine hub

Step 11: Submission of the optimization task

Sl 4]
=] Topology_hub (Co di

2= Topology_hub Monitor

& jobs 20) Switch Context Ctrl+5Space

Edit...

Optimization process: Topelogy_hub

Status: Complet Current job: | Topology_hub-Job

Copy...

Rename...

Delete... Del
Write Files

Cyde Objective Function Constraint e
MIN_STRAIN_ENERGY_VOLUME:EQ:DRESP_VOL
0 1087.277 1.000000
1 1156.931 08665088
2 1174.485 03407067
3 1195810 08173822
4 1222909 07939150
5 1758548 0.7A0R0RT Y

Validate
Submit

3DS.COM © Dassault Systemes

Extract { !

Combine...

Results

Log | Errors | Wamings

Output File

Set As Root
Expand All Under
Collapse All Under

Starting Abaqus analysis - design cycle 17
Starting Tosca for Abaqus optimization module - design cycle 17
Starting Abaqus analysis - design cycle 18
Starting Tosca for Abaqus optimization module - design cycle 18
Starting Abaqus analysis - design cycle 19
Starting Tosca for Abaqus optimization module - design cycle 19

Tosca for Abaqus ended successfully

Search Text

Text to find: [ Match case [l Next {} Previous

2
DS simuLIA
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Example | Wind turbine hub

Step 11: Submission of the optimization task

[x1.E3]

1.00+
2.0

o
w0
=]

(=)

o

(=)
STRAIN_ENERGY

=
~l
S

Constraint: CON_VOLUME:EQ:DRESP_VOLUME
o
o
=)

Objective Function:MIN
™

1.2

o
wu
=)

Strain-energy

Volume

L
0 1

2
DS simuLIA

Cycle

% _Mania:; Tapalagy _nuc_Opjective Functian; MIN_STRATH_ENERGI
s——= _Manila:: Tapaligy _tub,_Cansliaiel:CON_YOLUME: EQ: DRESP_VOLUME

5

Modify axis display

options (font, size, color)

by double-clicking

DASSAULT
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Example | Wind turbine hub

Step 12: Visualization (4\ Optimization has to be completed)

& Combine Optimization Results =
timization Processes (1 Optimization result directory: | D:\H3B\05 27 Tosca Tuesdays\Tuesdays\Tuesday 3\9 final setup\Topol [
Topology_hub (Completed)
- Analysis Result
Switch Context Ctrl+5pace
Create base results from: Initial - i
Edit...
I Optimization cyclesto process: | a1
Copy...
R ¥ Models "
ENAME... Topology_hub-Job 5
Delete... Del « v »
Write Files Analysis Field Variables
Validate (@) Select from list below @) Preselected defaults ) All ) Edit variables
. sU,
Submit
[C] AC VIELD ‘;
) [7] CENER M
Meonitor...
[ cF
Extract... Bm
Results
Topology Optimization Results
Set As Root Field Variables
Expand All Under VAT PROP_NORMALIZED
Collapse All Under History Vaniables

2
7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




3DS.COM © Dassault Systemes

Example | Wind turbine hub

Step 12: Visualization

2= Combine Optimization Results Monitor

Dptimization process: Topology hub Status: Completed | Topelegy_hub-Job

E| it 4 :Optimization Processes (1)

Tepelogy_hub (Complete
Creating field output from pology. { p!

0Odb:'D:\H38105_27_Tosca_Tuesdays\Tuesdays\Tuesday_3\9_final_setup\Topology_hub\SAVE.odb\Topo Switch Context Ctrl+5Space
logy_hub-Job_018.odb', Step:'STEP-L', FrameL...

Log

Edit...
Creating field output from
3B\05_27_Tosca_Tuesdays\ Tuesdays\Tuesday_3\9_final_setup\Tepology_hub\SAVE.onf\TP_018.0n Copy..
Rename...
Creating frame 'Optimization Design Cycle-19...
Delete... Del

Creating ficld eutput from
Odb:'D:\H38105_27_Tosca_Tuesdays\Tuesdays\Tuesday_3\9_final_setup\Topology_hub\SAVE.odb\Topo Write Files
logy_hub-Job_018.0db’, Step:'STEP-1', Frame:l...

Creating field output from Validate
"D:AH3BA05_27_Tosca_Tuesdays\ Tuesdays\ Tuesday_3\9.final_setup!\Topology_hub!\SAVE.onf\TP_019.0n Sl
f.
Creating history output from

'DAH3B\0S_27_Tosca_Tuesdays\Tuesdays\Tuesday 3\ final_setup\Topology_hub\optimization_status_ .

allesv.. Menitor...
Extract...
Cembine...
Set As Root

- Expand All Under
Search Text
. Collapse All Under
Text to find: [[I Match case Il Next f} Previous
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Example | Wind turbine hub

Step 12: Visualization

Monit. L2 ) e
£ Abaqus/CAE 6.13-4 - Model Database: DAIE05_27.

osca Tuesdays\Tuesdays\Tuesday 319 final_setu [opiogy._optimization_of

4 Abaqus/CAE 6.13-4 - Model Database: DAH3B\D5.27_Tosca_TuesdayTuesdayi\Tuesday_39._final_setup\TTT_03_Toplogy_optimization. of_a_wind_turbine hub_done.ca
wind_turbine.hub_done.coe [Mont..| =@ | % .

Ble Model Viewpot View Besut Plot Animate Report Options ook Plugrins Help X - (& x
Ele Model Viewpor View Besult Dlot Anmate Reporn fbtions Tooks

[ 2 = BEI T EmE ® G ¢ AT ED L Bplrimay [ marpror o] SeEafaas
DEESE S & ¢ 1L A pomay RN EAFIOD A1234X0
Ltz i 1 23 4 4:0)| T —— 2 Vetcation detours [ )
q 1 o 5. % View Ot Manager E
ST H ELK\[M K (NG I ,"“@, »y\:t: «\7'?‘ ) C om0 BB Vistoaion et - e a9 3P0
Model| Resuts | < D/H38/05.27 Tosca_Tuesdays/Tuesdays Tuesday 30 fnalted 41 > W | B ) ) Sesson|| Show Mame - [Groste..|
sesionOwa B ¢ = = © [ et |
o ~
@ Output Databases 1) *8SM| 5§ xPlone 7 [
465 Model Databese 1) 205 P =
@ [ Spectrums 7) S X @ %-Plane
@ B Xvpiots 1) s@x|| B ¢ zPiane El
® B xvData 2) gl P
L Paths 9% 0
® e Display Groups (1) i! ol
; ;z(ﬁeav(m BT o] | ] Altow for mutiple curs
vears
Inf | Mation of Selected Cut
Isasurface variable: MAT_PROP_NORMALIZED.
000 1
Value: 05 =
@
sensitit. 1[5 0001 1

il

28 simuLIR
25 simauLin z
JOb 10DOI03Y_hub-Job. Analysis LMDt File PTOCessor CONpleted successtully z
Abaqus/Standard coapleted successfully
Calculator completed successfully
Topology_hub-Job completed successtull:
b

Analysis Input File FroGessor CONpISted successtully
cesstully
1y

E &

x conpleted successfully

] us/Standard completed successfully

ob Topology_hub-Jol pleted successfully

Job Topology_hub-Jo Zucceszfully

Job Topology_hub-Jol ile Processor completed successfully .
Job Topology_hub-Job coapleted successtully ted successtully

Job Topology_hub-Job- Analysis Input File Processor completed succ = Topology_hub-Job. Calculstor coapleted successfully -
Job o3y_hub-Job- Abaqus/Standard coapleted successfully

Job Topology_hub-Job Calculator completed successfully
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Example | Wind turbine hub

Step 12: Visualization

4= View Cut Manager

Eow— Model Create...

me —

Vil B e

L8 Opt_Surface [
[[] ( X%-Plane =
[ @ ¥-Plane O O
[ Z-Pl B 5

4 ane Delete... Plot Undeformed

Options... Sha pe

ERERED -

Dismiss

[C] Allow for multiple cuts
Motion of Selected Cut

Isosurface vaniable: MAT_PROP_NORMALIZED
001 1
Value: 0.3 o]

Sensitivity: 1 % 0.001 1
——————————

Set iso-value to 0.3

2
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Example | Wind turbine hub

Step 12: Visualization

£ Abaqua/CAE 6.13-4 - Model Database: DAMIB\DS 27 Tosca_Tuesdaye\TuesdayaT Togioay.optmzaton.o.a_wind.urbine_hb_done.coe Mon.. | <=5 ISEN |
@ ple Model Viwpor Yiew Bk Plot Ammte Repd

CLLE ISR A

i AT

73
Ltz 4,1 23 4 A°0 a N T
& @ o K- s B2 ¥R Visualzaton defouhs [v| @)+ » Common Plot Options

 Tuesdeyy/Tuesdoys/ Tuesdey 39 fmiléd @ > 1 | & B D)

Session Data EE ¢ Basic | Color & Style | Labels | Normals | Other |

/€0 Output Databases 1)
565 Model Database (1)

& Specirome ) Render Style Visible Edges
oot ' & © Al edges
[, Paths

% Display Groups (1)
¥ Free Body Cuts
& sreams
I Movies
Images

Exterior edges

Auto-compute (1)

) Uniform Nonuniform

25 simuLia

AT TR : [ ok | [ Apely | [Defauts| | cancel |
A [ ey e L e s

essor conpleted successtully
baqus/Stendsrd conpleted successtully
Job Topology_hub-Job. Calculator coaplsted successfully
Job coapleted successtully
ysis Input File Precessor conpleted successtully

pology_|
Job Topology_hub-Job: Anal s

Job Topology_hub-Job’ Absqus/Standard conpleted successfully
Job Topology_hub-Job: Calculator cospleted successfully

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




3DS.COM © Dassault Systemes

44

Example | Wind turbine hub

Step 12: Visualization

Modul:l:v-;unhnllun E| Modzl:];\),/st/os_n_rnguju=sa.ys/1u=sd.ysnuzsa.y_sm_'.ml_mupmpaln hub/TOSCA_POST/Topolo:

Scroll through each
optimization cycle

B
2S simuLia
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Example | Wind turbine hub

Step 13: Extract smoothed geometry

P ; & Extract Surface Mesh Options | 2%

Topology_hub (Completed )
Switch Context Ctrl+5pace Output name: | Opt-Process
Edit... Basic
Copy... Formats: |[¥| Abaqus input file |[¥| STL
Eeuaes Design cycle: Eil
Delete... Del
Write Files Iso value (0-1): 03
Yalidate Advanced
Subrmnit
Restart Reduction percentage (0-100): |0
Meonitor... Reduction angle (0-90): 15
Combine.. Mumber of smoothing cycles: 5%
Results Target volume (0-1): 0
Set As Root Filtering: @ Off ) Moderate () Full
Expand All Under
Collapse All Under
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Demold/cast restriction

Minimum member size

A >

-

Q |

A
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