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Tosca Tuesday #1

Basics: Structural optimization

Basics: Topology optimization

Example: Topology optimization of a crane hook
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Basics | Structural optimization
Terminology (1)

> Design variables are used within a structural optimization to modify a structure
and its geometry.

- e.g. radius of a hole, position of a surface node, density of an element ...

> The design area is the region of the structure that is modified during a structural
optimization.

> A design response is a system response and serves as an objective function or
as a constraint.
- e.g. volume, weight, stress, strain, damage, displacement, strain-energy (compliance) ...
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Basics | Structural optimization
Terminology (2)

> The objective function is a design response that is to be maximized or minimized.
- |t can be a single term design response or combinations of design responses.
- €.g. minimize volume, maximize eigenfrequencies, minimize stress ...

> Constraints are design limitations on structural responses from a FE analysis.
- e.g. displacement of a certain FE-node should not exceed a certain limit ...

> Geometric restrictions are geometrical manufacturing requirements.
- e.g. symmetry constraints, demold constraints, minimum/maximum member size ...
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Generate new model

Basics | Structural optimization

General process

Model: design variables

Inputs (responses): FE analysis
Objective
Constraints

Update design variables

v Finish?
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Tosca Tuesday #1

Basics: Structural optimization

Basics: Topology optimization

Example: Topology optimization of a crane hook
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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

2
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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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Tosca Tuesday #1

Basics: Structural optimization

Basics: Topology optimization

Example: Topology optimization of a crane hook
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Example | Crane Hook
Get started ...

» Start Abaqus CAE (at least version 6.13, preferable 6.13-4)
» File = Open the file cranehook.cae
» File > Set Work Directory = Choose Directory
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Example | Crane Hook

Basic model: Loading and boundary conditions

3DS.COM © Dassault Systemes

Stp 2
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Example | Crane Hook
Topology Optimization: Setup

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

> Constraint
- Volume constraint: Use less than 40% of the design space

3DS.COM © Dassault Systemes

> Geometric restriction
- Demold-able design (- manufacturing process)
- Some frozen elements (= element density == 100%)

Design space
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Example | Crane Hook

Topology Optimization: Used element sets

3DS.COM © Dassault Systemes

Design space Frozen elements
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Example | Crane Hook
Step 1: Topology optimization task

#5 Models (1)

&l Cranehook

A Parts (1)

7 Pe Materials (1)

- E} Calibrations

7 & Sections (1)
@‘ Profiles

]ﬂ Assembly

folh Steps (3)

# B= Field Output Requests (2)

] History Output Requests (2)

Time Points

ALE Adaptive Mesh Constraints

Interactions

Interaction Properties
Contact Controls
Contact Initializations
& Contact Stabilizations
'Q:l Constraints

@ Connector Sections
o F Fields

Pq Amplitudes
[ Loads (3)
i[5 BCs 3)

- [ Predefined Fields
Rerneshing Rules

81} 4 Optimization Tasks|

DSt e T

ey

-5 Sketches Switch Context Ctrl+Space
~A Annotations Manager...
i: Analysis

Filter... F2

2
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-
4 Create Optimization Task

MName: Task-1

Type

Shape optimization
Sizing optimization

Topology optimization

o+ Region Selection 3
Eligible Sets
Sets below may contain elements, cells, shell faces,
or wire edges,
Mame filter: "Q"
Name Type
ESET_DESIGN_SPACE Element
ESET_FROZEM Element
PART-1-1.P50LID_2 Element

[T] Highlight selections in viewport
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Example | Crane Hook
Step 1: Topology optimization task

< Edit Optimization Task & 4 Edit Optimization Task = ] 45 Edit Optimization Task PS
Mame: Task-1 Mame: Task-1 Mame: Task-1
Type:  Topology Type: Topology Type: Topology
Region: ESET_DESIGM_SPACE Region: ESET_DESIGN_SPACE Region: ESET_DESIGM_SPACE
Basic | Density | Perturbation | Convergence | Advanced | Basic| Density | Perturbation | Convergencel Advanced | Basic | Density | Perturbation Convergence| Advanced
[T] Freeze load regions Density update strategy: Normal E| Algorithm: @ General optimization (sensitivity-based) I
[T] Freeze boundary condition regions IInitiaI density: @ Optimization productmli:} Specify: |05 (©) Condition-based optimization
[7] Delete soft elements in region: (Mot Picked)
Minimurm density: 0.001
Maximumm density: 1 Favor continuity (Standard)

Maximum change per design cycle: | 0.25

Material interpolation technique:
@ Optimization product default ) SIMP () RAMP
Penalty factor: |3

Cancel Cancel Cancd
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Example | Crane Hook

Step 2: Design response for volume

-
4= Create Design Response

E Task-1
MName: | DRESP_VOLUME

} @ Design Responses

>@ Objective Functio Switch Context Ctrl+5pace Type

A Constints Manager.

Combined-term

Whole Modq}] [E‘sod}r (el.ements)] [ Point (nodes) ]

’ I Geometric Restric

S eMEs | The 3DEXPERIENCE® Company

Z Stop Conditions Filter... E2
ﬂé Sketches
~f Annotations
tg Analysis Continue... Cancel
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Example | Crane Hook

Step 2: Design response for volume

2% Edit Design Response =

3DS.COM © Dassault Systemes
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Name: DRESP_VOLUME

Type:  Single-term Design Response
Task  Task-1 (Topology, General)
Region: (Whele Model)

Cs¥s: (Global) [3 L

Variable =

Show available selections: @ All ) For objective functions ) For constraints
Stress.

Energy stiffness measure

Volume

Weight

Displacement

Rotation

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

Reaction moment

Internal force

Internal moment

Center of gravity

Mement of inertia

< i r

Operator on values in region: Sum of values

= Sum of values

—

2
DS simuLIA

EI 1 Optimization Tasks (1)

= Task-1
EI I Design Responses (1)
4 Objective Functions

E Constraints

I Geometric Restrictions

E Stop Conditions
ﬂb Sketches
A Annotations

i$ Analysis
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Example | Crane Hook

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
E Constraints

K Stop Conditions
1Y Sketches
~f Annotations

Manager...

- Geomnetric Restrictio Filter... ﬂ B2

Set As Root
Expand All Under
Collapse All Under

i; Analysis

2
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MName: | DRESP_STRAIN_EMERGY

Type

Single-term

Combined-term

Continue... ] Cancel

5

Whole Moqu] [Eody (el.ements]] [ Point (nodes) ]
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Example | Crane Hook

Step 3: Design response for total strain-energy

24 Edit Design Response =

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

VS (Global) [p L

Variable | Steps

Show available selections:

' All () For objective functions () For constraints

Stress

Energy stiffness measure
Velume

Weight

Displacement

Retatien

Eigenfrequency calculated with Kreisselmaier-Steint

3DS.COM © Dassault Systemes

Eigenfrequency from meodal analysis
Reaction force

Reaction moment

Internal force

Internal moment

Center of gravity

Moment of inertia

« T b

Operator on values in region: | Sum of values  |x]

= Sum of values

2
DS simuLIA
19

2= Edit Design Response

Neme: DRESP_STRAIN_ENERGY
Type:  Single-term Design Response
Task:  Task-d (Topology, General)
Region: (Whole Model)

CsYs: (Global) [y A

Variable | Steps

Source of values: =) |Jse |ast step and last load case from the current model

Specify:

A
+Ei- &

Step and Lower  Upper
— Load Case Modes  Mode  Mode
Cranehook®
Cranehook®

Shell layer values: | Maximum N
Operator on values in region: Sum of values ||
Operator on values across steps and load cases: | Sum of values |v|
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Example | Crane Hook

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 | Crane Hook

Step 5: Volume constraint

4= Edit Optimization Constraint =
) Mame: COMN_VOLUME
= |}I Optimization Tasks (1) Task:  Task-1 (Topolegy, General)
= Task-1
B I Design Respenses (2] Design Response
- DRESP_STRAIN_ENERGY 5 Create Constraint = Mame: | DRESP_VOLUME E| I
B'@ EE}R;SF;?G;UMCE o Mame: | COMN_VOLUME Type: Velume
- & jective Functions
- MIM_STRAIN_EMERGY Task: Task-1 Constrain the response to:
E [ Continue... ] [ Cancel ® Avalue <=:
- (P Geometric Switch Context Ctrl+Space :
Z Stop Condi Manager @ A fraction of the initial value <=: 04
- Sketches O Avalue >=:
;\; Annotations Filter... F2 () A fraction of the initial value »>=:
Analysis
. A
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Example | Crane Hook

Step 6: Geometric restriction for frozen elements

( 4 Create Geometric Restriction [ = 5 Region Selection [ = ]
Eligible Sets
H . . MName: GR_FROZEN Sets below may contain elements, cells, shell faces,
= [I'I Optimization Tasks (1) Task: Task-1 or wire edges.
= Task-1 Mame filter: g

: T
= I Design Responses (2) i

. Name Type
 DRESP_STRAIN_ENERGY ESET_DESIGN_SPACE Flement

 DRESP_VOLUME Member size (Topology)

. . . PART-1-1.PSOLID_2 El
248 Objective Functions (1) Demold contral (Topelogy) » ement
Pl Planar symmetry (Topology)

Rotational symmetry (Topology)
Cyclic symmetry Highlight selections in viewport

. CON_VOLUME

= " - Point symmetry
S Geometric Restrictions

ti Stop Condit Switch Context Ctrl+5pace

.- [ )
IS sketches Manager... 2 Edit Geometric Restriction [ =]
~A Annotations
. Mame: GR_FROZEN
£% Analysis Filter.. F2

Type:  Frozen area
Task:  Task-1 (Topology, General)
Region: ESET_FROZEM

MNote: Load and boundary condition regions can be
automnatically frozen using settings in the Task Editor.

[Coc )
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Example | Crane Hook

Step 7: Geometric restriction for demold-able design

- ~
4= Create Geometric Restriction N
. Mame: | GR_DEMOLD
=] 4 Optimization Tasks (1) )
é Task-1 Taskia=k L 4+ Region Selection |i‘
=l X Design Responses (2) Type Eligible Sets
- DRESP_STRAIN_ENERGY Frozen area Sets below may contain elements, cells, shell faces,
- DRESP_VOLUME Member size (Topology) SUTIECET=
E‘ & MOEJE:F;:_[F: HE:I;;;YOJ Demold control (Topology) e e v
E| E Con_straints (_1) Planar symmetry (Topology) me - — Tyee
oje Rotationdl symmetry (Topelogy)
- A Cuelic svmmet ESET_FROZEN Element
e yclic symmetry PART-1-LPSOLID 2 Flement
- GR_FROZEM Switch Context Ctrl+5Space Point symmetry
t Step Conditions Manager...

I]b Sketches m Highlight selections in viewport
~A Annotations

Set As Root
Expand All Under
Collapse All Under

Conti.nue...] [ Cancel ]
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2 Edit Geametric Restriction =

Mame: GR_DEMOLD

Type:  Demold contrel (Topelogy)
Task:  Task-1 (Topoelegy, General)
Region: ESET_DESIGN_SPACE

Collision check region: (Demold Region) [
Demold technique:

@ Demolding with a central plane

-

I Central plane: | Specify E|

A Point on plane perpendicular

to the pull direction: (Mot Picked]@
() Forging (deform enly in the pull direction)
(©) Stamping
(7 Demolding at the region surface

Pull Direction

CSYS: (Global) [p L

Vector: (Required) [

Draft angle: | 0

Gare

Example | Crane Hook

Step 7: Geometric restriction for demold-able design

4 Region Selection =
Eligible Sets
Sets below may contain nodes or vertices.
Mame filter: '\Q"
Name Type

SET-RP-DEMOLD Nede

Highlight selections in viewport

2
DS simuLIA
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Py

= Edit Geometric Restriction

Mame: GR_DEMOLD

Type: Demold control (Topelogy)
Task: Task-1 (Topelogy, General)
Region: ESET_DESIGN_SPACE

Collision check region: (Demold Region) [
Demold technique:
@ Demolding with a central plane
Central plane: | Specify E|

Point on plane perpendicular
to the pull direction: SET-RP-DEMOLD [
() Forging (deform enly in the pull direction)
(©) Stamping
(Z) Demolding at the region surface
Pull Direction
CSYS: (Global) [p L

Wector: (Required) m A

Draft angle: |0

2
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Example | Crane Hook

Step 7: Geometric restriction for demold-able design

Pick the first point of the vector: |0.0,0.0,0.0

Pick the second point of the vecter: |0.0,0.01.0

% Edit Geometric Restriction

Mame: GR_DEMOLD

Type:  Demold control (Topology)
Task:  Task-1 (Topology, General)
Region: ESET_DESIGM_SPACE

Collision check region: (Demold Region) [
Demold technique:
@ Demolding with a central plane
Central plane: | Specify E|

Point on plane perpendicular

to the pull direction: SET-RP-DEMOLD [
(©) Forging (deform only in the pull direction)
Stamping

() Demolding at the region surface
Pull Direction

CsYs: (Global) [p L

Vector: (001) [3

Draft angle: |0
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Example | Crane Hook

Step 8: Submission of the optimization task

E]1! 4 optimization Tasks (1)

B Task-1

E| I Design Responses (2]
DRESP_STRAIN_EMERGY
: DRESP_VOLUME
E L2 Objective Functions (1)
- MIM_STRAIM_EMERGY
BE Constraints (1)
.~ CON_VOLUME
B 7 Geometric Restrictions (2)
- GR_DEMOLD
.- GR_FROZEN ljé

E Stop Conditions

-5 Sketches
- Annotations

ﬁ Analysis

2
DS simuLIA

I 4
I Sketches
~# Annotations
Bii Analysis
i .5. Jobs
‘ﬂa Adaptivity Processes
Bl Co-executions

B} § Optimization Processes|

Switch Context Ctrl+Space

Manager...

Filter... F2

4= Edit Optimization Process

Name: Topelogy_cranehook

Model: Cranehook

Task: Task-1 H (Tepology, General)
Description:

Optimization | Submission | Memory | Parallelization ‘

Controls
Maximum :ycle

Data save: ) Specify cycles
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Example | Crane Hook

Step 8: Submission of the optimization task

Optimization | Subrnission | Memaory | Parallelization |

< Edit Optimization Praocess < Edit Optimization Process =
MNarne: Topology_cranehook MNarne: Topelogy_cranehook
Model: Cranehook Model: Cranehook E|
Task: Task-1 E| (Topology, General) Task: Task-1 E| (Topology, General)
Description: Description:

| Optimization | Submission | Memory| Parallelization |

Controls

Maximum cycles: ELy=

Data save: () Specify cycles

A =

s

[¥] Use multiple processors 4% I ﬂ
[7] Use GPGPU acceleration 1

Domain

Multiprocessing mode: | Default El

Gonel

2
DS simuLIA
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Example | Crane Hook

Step 8: Submission of the optimization task

: §¥ Analysis

,g, Jobs

@ﬂ Adaptivity Processes

’H!-'-H] Co-executions

B BE Optimization Processes (1)

Topology_cranehook

Switch Context Ctrl+5Space

Edit...

Copy...

Rename...

Delete... Del
Write Files

Validate

Restart E

Menitor...
Extract...

Combine...

3DS.COM © Dassault Systemes

Results

Set As Root
Expand All Under
Collapse All Under

2
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B BE Optimization Processes (1)
= Topology_cranehook (Running)
25 Jobs (17)

- Topolegy_cranchook-Job_000 (Completed)
- Topology_cranehook-Job_001 (Completed)
~ Topolegy_cranehook-Job_002 (Completed)
- Topolegy_cranehook-Job_003 (Completed)
- Topolegy_cranchook-Job_004 (Completed)
- Topology_cranehock-Job_005 (Completed)
- Topolegy_cranehook-Job_006 (Completed)
- Topology_cranehook-Job_007 (Completed)
~ Topology_cranehook-Job_008 (Completed)
- Topology_cranehock-Job_009 (Completed)
 Topolegy_cranehook-Job_010 (Completed)
- Topology_cranehook-Job_011 (Completed)
- Topology_cranehook-Job_012 (Completed)
- Topology_cranehook-Job_013 (Completed)
~ Topology_cranehook-Job_014 (Completed)
- Topology_cranehook-Job_015 (Completed)
- Topolegy_cranehock-Job_016 (Completed)

Computational time: ~ 35min with 4 CPUs
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Example | Crane Hook

Step 8: Submission of the optimization task

Bi% Analysis

! ,g, Jobs

%@ Adaptivity Processes
“Bl Co-executions

2
DS simuLIA

Switch Context Ctrl+Space

3 Topology_cranehook Monitor

Edit...

Copy...

Rename...

Delete... Del

Write Files

Combine...

Results

Set As Root
Expand All Under
Collapse All Under

Optimization process: Topology_cranehook

Status: Running Current job: | Topology_cranchook-Job

Cyde Objective Function Constraint
MIN_STRAIN_ENERGY_VOLUMELLE:DRESP_VOL!

0 60070.15 0.3999992

1 48943.28 0.3865251

2 3992221 0.3924009

3 34419.82 0.3943939

4 30106.76 0.3953868

Log | Errors | Warnings | Output File

n | »

Starting Abaqus analysis - design cycle 15
Starting Tasca for Abaqus optimization module - design cycle 15
Starting Abaqus analysis - design cycle 16
Starting Tosca for Abaqus optimization module - design cycle 16
Starting Abaqus analysis - design cycle 17

Starting Tosca for Abaqus optimization module - design cycle 17

4[]

Search Text
Test to find: [ Match case [l Next

1 Previous

SUSTEMES

D7S DASSAULT
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Example | Crane Hook
Step 8:

0.400

©
W
e}
)

Constraint: CON_YOLUME LE:DRESP_VOLUME

0.388}

0.392}

ctive Function:MIN_STRAIN_ENERGY

Objes

Submission of the optimization task

[x1.E3]
r 60.

55.

50.H

[ 45.1

40.|F

35.¢

30.F

25.F

20.1

15.¢

Volume

Strain-energy

L , .
12 132 14, 15
Cycle

2
DS simuLIA

5

Modify axis display

options (font, size, color)

by double-clicking
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Example | Crane Hook

Step 9: Visualization ( 4\ Optimization has to be completed)

Bi; Analysis

sé, Jobs

%@ Adaptivity Processes
<[ Co-executions

E| BE Optimization Processes (1)

Topology_cranehook (Completed

Switch Context Ctrl+5pace

4= Combine Optimization Results =

Optimization result directory: | D:\H3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_1105_Test\Topology_cranehook @

Analysis Result

i

Create base results from: |Initial B L

Optimization cycles to process: | a4 E|

Edit...

Copy...

Rename...

Delete... Del

Write Files
Validate
Submit

Monitor...
Extract...

Results

Set As Root
Expand All Under
Collapse All Under

2
DS simuLIA

¥ Models ~ ¥ Steps
Topology_cranehook-Job STEP-1
i STEP-2 .
« 3 « »
Analysis Field Variables
() Select from list below @ Preselected defaults ) All () Edit variables

S\u,

[C] ceNER
[FlcF

[Z] DMENER
ElE

[] EENER o

w

Topology Optimization Results
Field Variables

History Variables

Cancel
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Example | Crane Hoo

Step 9: Visualization

2 Combine Optimization Results Monitor =8

pxq

Optimization process: Topelogy_cranshook Status: Completed | Topolagy_cranehaok-Job [+]

Log

Creating frame 'Optimization Design Cycle-24'...

Creating ficld eutput from
Odb:'DAH3IB\05_27_Tosca_Tuesdays\ Tuesdays\Tuesday 1105_Test\Topology_cranehook\SAVE.odb\Tap
clogy_cranchook-Job_024.odb', Step:'STEP-2', Frame:l...

Creating ficld eutput from
"DAH3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_1105_Test\ Topology_cranehook\SAVE.onf\TP_024.0
nf'..

Creating frame 'Optimization Design Cycle-25'...

Creating ficld eutput from

Odb:'D:\H3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday 1105_Test\Topology_cranehook\SAVE.odb\Top
olegy_cranehook-Job_025.0db', Step:'STEP-2', Frame:l...

Creating field output from
H3B\05_27_Tosca_Tuesdays\Tuesdays\ Tuesday_1\05_Test\Topology_cranehook\SAVE.onf\TP_025.0

Search Text
Text to find: [[1Match case L Next {b Previous

= 33 Analysis

.g. lohs

lﬂ@ Adaptivity Processes

:'M Co-executions

=L 4 Optimization Processes (1)

3] Topology_cranehook (Completggd

Switch Context Ctrl+5pace

Edit...

Copy...

Rename...

Delete... Del

Write Files
Validate
Submit

=

Monitor...
Extract...

Combine...

Set As Root
Expand All Under
Collapse All Under

2
DS simuLIA

5
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Example | Crane Hook

Step 9: Visualization

4% Abaqus/CAE 6.13-4 - Model Database: D:\H38\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_1\04_Example_fina\ D11 cH 4= Abaqus/CAE 6.13-4 - Model Database: D:\H38\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_1\04_Example_final\TTT_01 Topology. C... = | &1 | &

[E File Model Viewport View Result Plot Animate Report

DEEmE &b e WL b e

[ File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help X? =18 xw
DEE®SSE & ¢ T 1L b primay [ mar prop HSEA
@ BTTT:0

125 View Cut Manager & < ion defauts [+| () ~

© K| (&
Model: |2 D/H3B/05.27 Tosca T @l > W | & B D)

Show Name

AN 5] o)

Y Opt surface

]

SessionData 7] = ¢ X-Plane 7 (]
E g Y-PL 7 i

& Output Databases (2) aff | = \1 ke pl""‘ i G
&5 Model Database (1) | L

O spectrums ()

B XVPlots (1)

B8 xvData (2)

[ Paths

[5d Display Groups (1)
B Free Body Cuts

7] Allow for multiple cuts
Motion of Selected Cut

& s Isosurface variable: MAT_PROP_NORMALIZED

reams
B Movies 0001 1
B Images | Value: |0.5005 =T

Sensitivity: 1 3 0001

2 >
23 siMmuLia S simuLIa|

Topology_cranchook-Job. Abaqus/Standard completed sucoessfully A Job Topology_cranshook-Job. Abaqus /Standard completed sucosssfully "
Topology_cranehock-Job: Calculator conpleted successfully [l Job Topology cranehook-Job Calculator completed successfully
Topology_cranchook-Job completed successfu

Topology_cranchock-Job: Anelysis Input File Processor completed successfully 90D IoHo oy ol dnel ook oD | Ponpistad Successiy

ToorToE

Job Topology_cranehock-Job: Analysis Input File Processor completed successfully
Topology_cranchook-Job: Abagus/Standard completed sucoessfully @ Job Topology_cranehook-Job: Abagus/Standard completed successfully
Topology_cranshosk-Job: Calculator conpleted suscessfully = =21 30b Topology_cranehook—Job: Calculatar complsted successfully =
Topology_cranchock-Job conplsted successfully Job Topology_ Job completed ully .
Optinization process Topology_cranshook conpleted successfully :

Optimization process Topology_cranehcok completed successfully -

2
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Example | Crane Hook

Step 9: Visualization

4= View Cut Manager

Show  Name Model Create...
E] [l] Eu Hd' Edit...

~EXTEENC @ o O

[ @ X-Plane B ® Copy-.

[T @ ¥-Plane [ [ | |Rename..

[l @ Z-Plane B [

Delete...

Plot Undeformed
Shape

Options...

G

Dismiss
[C] Allow for multiple cuts
Motion of Selected Cut

Isosurface varniable: MAT_PROP_MNORMALIZED
001 1
Value: 0.3 o]

Sensitivity: 1 % 0.001 1
———————————

Set iso-value to 0.3

2
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Example | Crane Hook

Step 9: Visualization

Module: [% Visualization [+] Modek: [ D:/H38/05_27_Tosca_Tuesdays/Tuesdays/Tuesday_1/05 Test/Opt-Process~4/TOSCA_POST/Opt-Process-4-lob_r 4 4l I»

Scroll through each
optimization cycle
(Step 1 & Step 2)

4/[X] Drag the mouse in a viewport to rotate the view Rotation center: Use Defautt]

2
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Example | Crane Hook

Topology Optimization: Demold control as a geometric restriction

Design is not
demold-able
(hollow structure)

Demold direction
(Mid-plane goes through
reference point RP)

ult Systémes

3DS.COM © Dassa

With demold control Without demold control

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company
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Eli$ Analysis

.g. Jobs

Eﬂ Adaptivity Processes

*M Co-executions

L Optimization Processes (1)

Topelogy_cranehook (Completed

2
DS simuLIA

Example | Crane Hook
Step 10: Extract smoothed geometry

Switch Context Ctrl+5pace

Edit...

Copy...

Rename...

Delete... Del

EEEE——

Write Files
Validate
Submit

Estar

Menitor...

ombine...

Results

Set As Root
Expand All Under
Collapse All Under

2% Eyiract Surface Mesh Options | 29

Output name: | Opt-Process

Basic

Formats: |[¥| Abaqus input file |[¥| STL

Design cycle: Eil
Iso value (0-1): 03
Adwvanced

Reduction percentage (0-100): |0

Reduction angle (0-90): 15
Mumber of smoothing cycles: S5k
Target volume (0-1): 0

Filtering: @ Off ) Moderate () Full

-
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2
DS simuLIA

Design space

Topology
optimization

Conceptual design
(after 31 iterations)
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