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Tosca Tuesday #2

Basics: Topology optimization

Example: Topology optimization of a quadcopter
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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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Tosca Tuesday #2

Basics: Topology optimization

Example: Topology optimization of a quadcopter
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Example | Quadcopter

Virtual model
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Example | Quadcopter

Virtual model

Original Design

(without upper disk)
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Example | Quadcopter

Original Design Design Space

Goals:
Lightweight design
Maximal stiffness
Simplify design

(= Include brackets
and upper disk
into design space)

DZYSDL?SST-‘E,%’,.:-L{ | The 3DEXPERIENCE" Company
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Example | Quadcopter
Get started ...

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

3DS.COM © Dassault Systemes
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Example | Quadcopter

Basic model: Loading conditions and displacements

Uplift: Force in z-direction

L. v Start: Torque around z-axis

ult Systémes

3DS.COM © Dassa

I—> v Displacement in-plane (Start)
X
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Example | Quadcopter (@ Qs T 2 O -,
Topology Optimization: Setup

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

> Constraint
- Volume constraint: Use less than 30% of the design space

> Geometric restriction

- Rotational symmetry around the z-axis

- Planar symmetry with regards to the xz- and yz-plane
- Frozen elements for bore holes (element density: 100%)

D%Eg?ssféﬁjé'; | The 3DEXPERIENCE" Company
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Example | Quadcopter

Topology Optimization: Used element sets

3DS.COM © Dassault Systemes

Design elements Frozen elements
(bore holes)
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Example | Quadcopter
Step 1: Topology optimization task

£ Models (1)

uaccopten

s Parts (1)

\,U@ Materials (2}
E} Calibrations

T Sections (14)
E’ Profiles

ﬁ Assembly

ol Steps (3)

a? Field Qutput Requests (18)
%ﬁ History Qutput Requests (32)
- lﬁ Time Points

-Bm ALE Adaptive Mesh Constraints
ﬁ Interactions (1)

& Interaction Properties (2)
glq Contact Controls

g?’ Contact Initializations

”g\ﬁ Contact Stabilizations

Q:l Constraints (25)

@ Connector Sections (8)

f Fields

F—“v Amplitudes

[ Loads (16)

[L BCs (20)

‘[ Predefined Fields

Remeshing Rules

4i} § Optimization Tasks

< Region Selection

4 Create Optimization Task

MName: Task-1

Type

Topology optimization
Shape optimization
Sizing optimization

-5 Sketches Switch Context Ctrl+Space
~# Annotations Manager...
ii Analysis

Filter... F2

Eligible Sets

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

Mame filter: Lo
Name Type il
ESET_SCREWS Element

PART-1-1.50lid Sectionl-1-1-3 Element

PART-1-1.50lid Sectionl-1-1-4 Element

PART-1-1.50lid Section2-1-1-1 Element

PART-1-1.5olid Section2-1-1-2 Element I
< n r

Highlight selections in viewport

p%?ﬁssrsgg’;; | The 3DEXPERIENCE" Company
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Example | Quadcopter
Step 1: Topology optimization task

= Edit Optimization Task

Py

= Edit Optimization Task

4= Edit Optimization Task

MName: Task-1
Type: Topology
Region: PART-1-1.ESET_DESIGN_SPACE

MName: Task-1
Type: Topology
Region: PART-1-1.ESET_DESIGN_SPACE

Convs

e | Advanced

Basic | Density | P

Perturbation | C

| Basic| Density

e 1 Advanced |

MName: Task-1
Type: Topology
Region: PART-1-1.ESET_DESIGN_SPACE

Basic | Density | P bati C e| Advanced |

[T Freeze load regions

[T] Freeze boundary condition regions

3DS.COM © Dassault Systemes

Density update strategy: Mormal E|

Initial density: @ Optimization product default
=

Minimum density: 0.001
Maximum density: 1

Maximum change per design cycle: |0.25

) Specify: 0.3

Algorithm: @ General optimization (sensitivity-based) I

(©) Condition-based optimization
[7] Delete soft elements in region: (Mot Picked)

Faver continuity (Standard)

Material interpolation technique:
@ Optimization product default ) SIMP () RAMP

Penalty factor: |3

Cancel

Cancel

o
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Example | Quadcopter

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 Model | |Body (ehenﬁE)][ Point (nodes)

>_;— Geometric Restric

Z Stop Conditions Filter... B2
Y Sketches
~f Annotations

ﬁ Analysis

Continue... Cancel

D7S DASSAULT
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Example | Quadcopter

Step 2: Design response for volume

4 Region Selection |£|1 4= Edit Design Response I
i Name: DRESP_VOLUME
Eligible Sets Type:  Single-term Design Response
Sets below may contain elements, cells, shell faces, Task:  Task-1 (Topology, General)
or wire edges. Region: PART-1-1.ESET_DESIGN_SPACE
Name filter: ks csvs: (Globaly [y L
Name Type - Variable | ©iepc
ESET SCREWS Element | Show available selections: @ All (0 For objective functions () For constraints
PART-1-1.Bottomn Plate-Elements-1-1 Elerment :zmi" energy =
ress
PART-1-1.ESET_DESIGN_SPACE Element Energy stiffness measure
PART-1-1.50lid Section1-1-1-1 Element |
. . Weight
PART-1-1.50lid Section1-1-1-2 Elerment Displacement
PART-1-1.50lid Section1-1-1-3 Elernent Rotation
PART-1-1.50lid Section-1-1-4 Element Eigenfrequency calculated with Kreisselmaier-Stei
' Eigenfrequency from modal analysis
PART-1-1.5clid Section2-1-1-1 Element Reaction force
PART-1-1.50lid Section2-1-1-2 Element e Heartinn moment_ - T
4 m ¢

Operator on values in region: Sum of values

Highlight selections in viewport

L )

=2 Sum of values
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Example | Quadcopter

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
DS simuLIA

MName: | DRESP_STRAIN_EMERGY

Type

Single-term

Combined-term

Continue... ] Cancel

5

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

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 [p L

Variable | Steps

Show available selections:

All ) For objective functions () For constraints

Stress I
Energy stiffness measure

Volume

Weight

Displacement L
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

Mame: DRESP_STRAIN_EMERGY
Type:  Single-term Design Respanse
Task:  Task-1 (Topology, General)
Region: (Whole Model}

CSYS: (Glebal) [3 L

Variable | Steps

Source of values: =) se last step and last load case from the current model
Specify:
Step and Lower Upper
Model Load Case Modes  Mode | Mode |
quadcopter™
Shell layer values: Maximum EI
Operator on values in region: | Sum of values H
Operator on values across steps and load cases: | Sum of values EI I
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Example | Quadcopter

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

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company
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Example | Quadcopter

Step 5: Volume constraint

4= Edit Optimization Constraint =
) MName: CON_VOLUME
= |}I Optimization Tasks (1) Task:  Task-1 (Topolegy, General)
= Task-1
B I Design Respenses (2] Design Response
- DRESP_STRAIN_ENERGY & 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 :
; . @ A fraction of the initial value <=: 03
Z Stop Condi Manager...
- Sketches O Avalue >=:
;\; Annotations Filter... F2 () A fraction of the initial value >=:
Analysis
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Example | Quadcopter

Step 6: Geometric restriction for frozen elements

4 Create Geometric Restriction ) & Region Selection [ = ]
) Mame: | GR_FROZEM ESpble S
El I}I Optimization Tasks (1) o zft;ik:eelg‘:\;glay contain elements, cells, shell faces,
= T.“k'l T Name filter: o
= I Design Responses (2) i Name Type "
- DRESP_STRAIN_ENERGY T -
DRESP_VOLUME Mermber size (Topology) PART-1-1.Bottom Plate-Elements-1-1 Element
PART-1-1.ESET_DESIGN_SPACE Element
B -@ N?It:ie;i;;': n;iggéva] Elear:::y:nmtre:lyrrr?:;::::i] PART-l-1.50\!d752ct!on]:-1-1-1 Element
. _| : PART-1-1.50lid Sectionl-1-1-2 Element o
El E oniioni :Z metry (Topology) Highlight selections in viewport
_ ConvoLuve Point symmetsy
o

ti Stop Condit Switch Context Ctrl+5pace

I3 Sketches Manager... & Edit Geometric Restriction = ]
~A Annotations
. Mame: GR_FROZEM
£% Analysis Filter.. R

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

Note: Load and boundary condition regions can be

automatically frozen using settings in the Task Editor.
Cancel
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Example | Quadcopter

Step 7: Geometric restriction for rotational symmetry

r ~
= Create Geometric Restriction [ % ]
: N Mame: | GR_ROT_SYMMETRY
=] 4 Optimization Tasks (1) .
é Task-1 Task: Task-1 4+ Region Selection [ s ]

=X Design Responses (2) Type Eligible Sets
- DRESP_STRAIN_ENERGY Frozen area Sets below may contain elements, cells, shell faces,

P DRESP_VOLUME Member size (Tapology) or wire edges.

£ 4% Objective Functions (1) polegy: Mame filter: w

Y MIN STRAIN EMERGY Demold control (Topology)

; N Planar symmetry (Topology) Name Type il

BE Constraints (1) Rotational symmetry (Topology) ESET_SCREWS Element |i|
- _ Cycli el o [y PART-1-1.Bottomn Plate-Elements-1-1 Element

Bl ceometic Restiction: 1) yclic symmetry
- GR. FROZEN Switch Context Ctrl+Space Point symmetry PART-1-1.50lid Sectionl-1-1-1 Element

t Stop Conditions Manager PART-1-1.50lid Sectionl-1-1-2 Element =

I]b Sketches m Highlight selections in viewport
# Annotati :
g ammtatns Fite.. 2
nalysis Set As Root

Expand All Under
Collapse All Under

I Continue... ] Cancel ]
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Example | Quadcopter

Step 7: Geometric restriction for rotational symmetry

;
2 Edit Geometric Restriction [

Mame: GR_ROT_SYMMETRY

Type:  Rotational symmetry (Topology)
Task:  Task-1 (Topology, General)
Region: PART-1-1.ESET_DESIGM_SPACE

Rotational Axis of 5 mmﬁry

CsYs: (Global) [3 L

Repeating segment size (degrees): |90

[] Ignore frozen area

Gone

Rotational symmetry around z-axis (Axis 3)

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company
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Example | Quadcopter

Step 8: Geometric restriction for planar symmetry (yz-plane)

=] It 4 Optimization Tasks (1)
B Task-1
B I Design Responses (2)
DRESP_STRAIN_EMERGY
; DRESP_VOLUME
B 2 bjective Functions (1)
- MIN_STRAIN_ENERGY
BE Constraints (1)
. CON_VOLUME

9 W8 Geometric Restrictions (2

GR_FROZEM

Switch Context Ctrl+5Space

- GR_ROT_SYMMETRY
Z Stop Conditions

-y Sketches

~A Annotations

i; Analysis

Manager...

Fi 5 R

ilter...

Set As Root
Expand All Under
Collapse All Under

2
DS simuLIA

4% Create Geometric Restriction E3

Name: | GR_PLAMAR_SYM_AXISL
Task: Task-1

Type

Frozen area

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

Point symmetry

Caontinue... Cancel

5

2 Region Selection

Eligible Sets

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

Mame filter: o

Name Type
ESET_SCREWS Element
PART-1-1.Bottem Plate-Elements-1-1 Element
PART. _DESIGN_SPACE Element
PART-1-1.50lid Section1-1-1-1 Element
PART-1-1.50lid Sectionl-1-1-2 Element
PART-1-1.50lid Sectionl-1-1-3 Element
PART-1-1.50lid Sectionl-1-1-4 Element
PART-1-1.50lid Section2-1-1-1 Element

Highlight selections in viewport

| »

m
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Example | Quadcopter

Step 8: Geometric restriction for planar symmetry (yz-plane)

p
== Edit Geometric Restriction | J

Nare: GR_PLANAR_SYM_AXIS1

Type:  Planar symmetry (Topology)
Task: Task-1 (Tepology, General)
Region: PART-1-1.ESET_DESIGN_SPACE

LR A R

v o

Planar symmetry with respect to yz-plane (Axis 1)

2
DS simuLIA
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Example | Quadcopter

Step 9: Geometric restriction for planar symmetry (xz-plane)

=) I} 4 Optimization Tasks (1)
B Task-1

- I Design Responses (2)
DRESP_STRAIN_EMNERGY
. DRESP_VOLUME
: L3 Objective Functions (1)
- MIN_STRAIN_EMNERGY
E Constraints (1)
CON_VOLUME

2

Z Stop Conditions
IS Sketches
~# Annotations
ii Analysis

2
DS simuLIA

4 Geometric Restrictions (3)

Switch Context Ctrl+5Space

Manager...
Filter... ! F2
Set As Root

Expand All Under
Collapse All Under

4% Create Geometric Restriction E3

Name: | GR_PLAMAR_SYM_AXIS2
Task: Task-1

Type

Frozen area

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

Point symmetry

Caontinue... Cancel

5

2 Region Selection

Eligible Sets

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

Mame filter: o

Name Type
ESET_SCREWS Element
PART-1-1.Bottem Plate-Elements-1-1 Element
PART. _DESIGN_SPACE Element
PART-1-1.50lid Section1-1-1-1 Element
PART-1-1.50lid Sectionl-1-1-2 Element
PART-1-1.50lid Sectionl-1-1-3 Element
PART-1-1.50lid Sectionl-1-1-4 Element
PART-1-1.50lid Section2-1-1-1 Element

Highlight selections in viewport

| »

m
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Example | Quadcopter

Step 9: Geometric restriction for planar symmetry (xz-plane)

p
== Edit Geometric Restriction | |

Nare: GR_PLANAR_SYM_AXIS2

Type:  Planar symmetry (Topology)
Task: Task-1 (Tepology, General)
Region: PART-1-1.ESET_DESIGN_SPACE

Mermal to Symmetry Plane
Miz O 1 @203

3DS.COM © Dassault Systemes

Planar symmetry with respect to xz-plane (Axis 2)

2
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Example | Quadcopter

Step 10: Submission of the optimization task

& 0% opiimiaaton Tasks
B Task-1

] | Design Responses (2)
. DRESP_STRAIN_ENERGY
.~ DRESP_VOLUME
E s Objective Functions (1)
- MIN_STRAIN_ENERGY
EJE Constraints (1)
- CON_VOLUME
E I Geometric Restrictions (4)
GR_FROZEM
GR_PLAMAR_SYM_AXISL
GR_PLAMAR_SYM_AXIS2
GR_ROT_SYMMETRY

t Stop Conditions

[ Sketches Ir\@

~f Annotations
is Analysis

2
DS simuLIA

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

Name: Topology_quadcopter
Modek: quadcopter

Task: Task-1 H (Topology, General)

Description:

Optimization |

Controls

Maximum cycleg

Data save: () Specify cycles

@ Every cycle

p&‘sﬂﬁsﬁsgg‘gg | The 3DEXPERIENCE" Company



Example | Quadcopter

Step 10: Submission of the optimization task

45 Edit Optimization Process

a5 Edit Optimization Process

Marme: Topology_quadcopter
Model: quadcopter
Task: Task-1

Description:

E| (Topology, General)

Optimization brmissi | M . | Paralleli

MName: Topelogy_quadcopter
Model: quadcopter

Task: Task-1

Description:

E| (Topology, General)

| Optimization | Submission | Memory | Parallelization |

Controls

IMaximum cycles: | 505 I

3DS.COM © Dassault Systemes

Data save: () Specify cycles

A

Use multiple processors 45 I

Cancel

[7] Use GPGPU acceleration 1

Parallelization method: |Domain

Multiprocessing mode: | Default El

More CPUs
can be used

Cancel

2
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Example | Quadcopter

Step 10: Submission of the optimization task

i: Analysis

i lgl Jobs S L Optimization Processes (1)
= Topology_quadcopter (Running)
rﬁﬂ Adaptivity Processes 58 Jobs 1)
. Topology_g..Completed) -- Topology_g..Completed)
! B Co-executions Topology_quadcopter-Job_000 (Completed)
é H Opti mization Processes (1) Topolegy_quadcopter-Job_001 (Completed)
Topology_quadcopter-Job_002 (Completed)
Topology_quadcopter-Job_003 (Completed)
Switch Context Ctrl+5pace  Topolagy_quadcopter-Job 004 (Completed) R R
Topology_quadcopter-Job_005 (Completed) C t t I t .
Edit.... - Topology_quadcopter-Job_006 (Completed) o m p u a I o n a I m e .
Topology_quadcopter-Job_007 (Completed) '
Copy...  Topology_quadcopter-Job_008 (Completed) ~ 1 7h W|th 4 CPU S
Reramen Topology_quadcopter-Job_009 (Completed)
 Topology_quadcopter-Job_010 (Completed)
Delete... Del Topology_quadcopter-Job 011 (Completed)
A  Topology_quadcopter-Job_012 (Completed)
Write Files Topology_quadcopter-Job_013 (Completed)
Validate Topology_quadcopter-Job_014 (Completed)
Topolagy_quadcopter-Job_015 (Completed)
Topology_quadcopter-Job_016 (Completed)
R Topology_quadcopter-Job_017 (Completed)
estart Topology_quadcopter-Job_018 (Completed)
Monitor... Topology_quadcopter-Job_019 (Completed)
Topology_quadcopter-Job_020 (Completed)
Extract... Topology_quadcopter-Job_021 (Completed)
Combine... Topology_quadcopter-Job_022 (Completed)
Topology_quadcopter-Job_023 (Completed)
Results - Topolagy_quadcopter-Job_024 (Completed)
Topology_quadcopter-Job_025 (Completed)
Set As Root - Topology_quadcopter-Job_026 (Completed)
Topology_quadcopter-Job_027 (Completed)
Expand All Under  Topology_quadcopter-Job_028 (Completed)
Collapse All Under Topology_quadcopter-Job_029 (Completed)

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company
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Example | Quadcopter

Step 10: Submission of the optimization task

% Topalogy_quadcopter Monitor

E| HE Optimization Processes (1)

: Optimizati
=] Topolegy_quadcopt mpleted} ptimization proces
Status: Completed

& Jobs (38) Switch Context Ctrl+Space

Topology_quadcopter

Current job: | Topology_quadcopter-Job

Objective Function ‘Constraint

Edit. ©ycle MIN_STRAIN_ENERGY_VOLUME-LEDRESP_VOL!
0 1.3508471E-02 0.3000006
Copy.. 1 1.2170401E-02 02803153
R 2 1.0816480E-02 02784161
2 9.7485157€-03 0.2745865
Delete... Del 4 90223430603 02773698
—— 5 8.6370837E-03 0.2828026
Write Files - 2 sn20mE.m 03965142 2
Validate tos ngs | Output File
Submit Starting Tosca for Abaqus optimization module - design cycle 29
ne L Starting Abagus analysis - design cycle 30
Extract... Starting Abaqus analysis - design cycle 31
Combine... Starting Tosca for Abaqus optimization module - design cycle 31
Results Starting Abaqus analysis - design cycle 32 El
Set As Roat Starting Tosca for Abaqus optimization module - design cycle 32
Expand All Under .
Collapse All Under Text to find: [ Match case I} Mext f} Previous
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Example | Quadcopter

Step 10: Submission of the optimization task

Volume
”%J o285t
] ju]
L Modify axis display
73] | . .
£ ozs0l 5 options (font, size, color)
in] = " "
B2 by double-clicking
= |3
é‘ 0.285-%
z 5
8 |_§ 0.010F
‘g 0.280—§
o 0,009k
Strain-energy
T 000 25. 30. 35.

Cytle

2
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Example | Quadcopter
Step 11: Visualization (4\ Optimization has to be completed)

4 Combine Optimization Results

8

Optimization result directory: | D:\H3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_2\05_Testrun\Topology_quadco ﬁ
=E: 4 Optimization Processes (1)

Topelogy_quadcopter (Completed)

Analysis Result

Switch Context Ctrl+Space Create base results from: | Initial E ,}
Edit... Optimization cycles to process: | ) E|
Copre ¥ Models
Rename... Topology_quadcopter-Job
Delete... Del
Write Files il b
Validate Analysis Field Variables
Submit () Select from list below @) Preselected defaults () All () Edit variables
R rt s,
Monitor...
ontter [ ACVIELD E
Extract... 2
[T] CEMER
e
Results
Fcm
Set As Root
[] COPEN  General_Contact_Faces/General_Contact_Faces =
Expand All Under
Collapse All Under Topology Optimization Results

Field Variables

History Variables

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company
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Step 11: Visualization

- 1
4= Combine Optimization Results Monitor =B ]

3DS.COM © Dassault Systemes

Optimization process: Topelogy_quadcopter Status: Campleted | Topology_quadcopter-Job |v]

Log

Creating field output from
Odb:'DAH3B\05_27_Tosca_Tuesdays\ Tuesdays\Tuesday_2\05_Testrun\Topology_quadcopter\SAVE.odb
\Topolegy_quadcopter-Job_036.cdb!, Step:'LOADING', Frames...

Creating field output from
'DAH3B\05_27_Tosca_Tuesdays\Tuesdays\ Tuesday_2\05_Testrun\Topology_quadcopten\ SAVE.onf\TP_0
36.onf"...

Creating frame ‘Optimization Design Cycle-37"...
Creating field output from

Odb:'DAH3EN05_27_Tosca_Tuesdays\Tuesdays\Tuesday_2\05_Testrun\Topology_quadcopten\SAVE.odb
\Topolagy_quadcopter-lob_037.0db’, Step:'LOADING', Frame...

Creating field output from
'DAH3B\05_27_Tosca_Tuesdays\Tuesdays\ Tuesday_2\05_Testrun\Topology_quadcopten\ SAVE.onf\TP_0
37.onf..

Creating history output from

'DAH3B\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_2\05_Testrun\Topology_quadcopter\optimization_st
atus_all.csv'..

Combining optimization results completed successfully.

|

Search Text
Text to find: [ Match case JL Next { Previous

=] HE Optimization Processes (1)

Topology_quadcopter (Comple

Switch Context Ctrl+5Space

Edit...

Copy...

Rename...

Delete... Del

Write Files
Validate
Submit

Menitor...
Extract...

Combine...

Set As Root
Expand All Under
Collapse All Under

p&‘sﬂﬁsﬁsgg‘gg | The 3DEXPERIENCE" Company
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Example | Quadcopter

Step 11: Visualization

4 Abaqus/CAE 6.13-4 - Model Database: DAH38\05_27 Tosca Tuesdays\Tuesdays\Tuesday_2\05 Testrut

[E] File Model Viewport View Result Plot Animate Report Qpf y

DERS S &b ¢ <R Beprimey

sE;smnEH = e,
& Output Databases (1)
Model Database (1)

%4 Display Groups (1)
B Free Body Cuts
& Streams.
HE Movies
B Images

R F——

2
PS simuLIn)

Topoloay_quadcopter—Job conpleted successtully
Topolagy_quadcopter—Job: Analysis Inp

Topology_quadcopter-Job: Calculator conplsted successiully
Topology_quadcopter—Job conpleted successfull

ile Processor completed successfully
Topoloay_qusdcopter-Joh: Abaqus/Standard completed successfully

Topology_quadcopter-Job: Analysis Input File Prosessor completed suscessfully

2
DS simuLIA

3 Abaqus/CAE 6.13-4 - Model Database: D:\H38\05_27_Tosca_Tuesdays\Tuesdays\Tuesday_2\05_Testrun\TTT_02 Toplogy.optimization_of_a.

(@ File Model Viewport View Result

LEESES® +C -

Plot Animate Report Options Tools Plug-ins Help X7
« 5% 11 B primary [+ MAT_PROP 3| IS E A
% Visusiaation defauns v @8 ~ /[T an o | L T

DD

Yo Yhrer v ve

Model
Session

& o
S M

Job

[l |30m

Job

|63l 32

Job

% View Cun Manager

Allow for muttiple cuts
Matian of Selected Cut

o -
= oK B 02
k[ D:/H3B/05_27 Tosca Tuesdays/Tuesdays/ et 41 I W | & ) )

Tnasurface variable: MAT_PROP_NORMALTZED

0001
Value: 035

@
Sensitits 1 (8 001

lopology_quadcopter-Job
Topology_quadcopter-Job
Topology_quadcopter-Job
Topology_quadcopter-Job

conpleted successtully

Analysis Input File Processor completed successfully
Abaqus/Standard conpleted successfully

Calculator completed successfully

Topology_
Topology_quadcopter-Job

Analysis Input File Processor completed successfully

75 SImuLIA
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Example | Quadcopter

Step 11: 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 | Quadcopter
Step 11: Visualization

4 Abaqus/CAE 6.13-4 - Model 27 Tosca]
[E] Fle Model Viewpot View Resut Plot Animate Repo

DESESE & ¢ LB iy pom

ERSHENNAIRE B Viskstion  Corpo. 4 Common Plot Options =
Symbol..
L 2_qv. _ve ¥ - Material Orientation...
. x @ -
Lttt i1 2 3 4 Ao Meono Basic | Color & Style | Labels | Normals | Other |
Modal| Results Module: [ Visuaization 7] mm[
Sesson Dl & ¥ Render Style Visible Edges
gz‘:::unzf_'fn?l ) Wireframe () Hidden () All edges
9 @ Spectrums 7) - -
5 i sy o ) Filled @ Shaded ) Exterior edges
4 B XVData ) Fi o
ans -
! % Dlp,w,wp, @ Deformation Scale Factor
B Free Body Cuts Free edges
& streams @ Auto-compute (1) 9
Mo . - : ) No edges
& images 2 Uniferm ) Nonuniform - 9
- ‘ [ ok | [ Apely | [Defauts| | cancel |
2 simuLia
355 Topology._ Job conpie s
(2 328 Tomoieny Sob “Tekiyets - Fila Frocessor coupleted succasstully
Job Topology._: Js conplet 1y
Job Topology. -Jol Calculat cumvletud v
B 3e Tapcnc.gy_qu“mpnemu conpleted successfull
Job Topolos: Job: Analysis Input File Processur completed successfully
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Example | Quadcopter

Step 11: Visualization

Module: [4] Visualzation [v] Modek [5/D:/H38/05 27 Tosca_Tuesdays/Tues

2
DS simuLIA

days/Tuesda;

y_2/05 Testru

n/Topol

logy_quadcopter/TOSCA_POST/Topology_quadcopter-Job_post.c

5

Scroll through each
optimization cycle

DASSAULT

SUSTEMES
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Step 11: Visualization

3DS.COM © Dassault Systemes

Design Space Optimization

2
2S simuLiA

p%?ﬁ;f;’#;{ | The 3DEXPERIENCE’ Company

40



3DS.COM © Dassault Systemes

Example | Quadcopter
Step 12: Extract smoothed geometry

-

= ﬂ'l Optimization Processes (1) & Extract Surface Mesh Options | 2%
Switch Context Ctrl+Space Output name: | Opt-Process
Edit... Basic
Copy.. Formats: [¥] Abaqus input file [¥] STL
Rename...
Delete... Del Design cycle: 31
Write Files Iso value (0-1): 03
Validate
Submit Adwvanced

Restart

Reduction percentage (0-100): |0
Maonitor...

Combine... 5le

Mumber of smoothing cycles:

Results
Set As Root Target volume (0-1): 0
Expand All Under Filtering: @ Off ) Moderate () Full
Collapse All Under
h. y.

7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




Document_2014

3DS.COM/DELMIA © Dassault Systemes | Confidential Information | 12/15/2015 | ref.: 3DS

Original Design

Design Space

Topology
Optimization

5

DASSAULT
SUSTEMES

New Design

3D Printing

| The 3DEXPERIENCE" Company



3DS.COM © Dassault Systemes

43

2
DS SUSTEES

| The 3DEXPERIENCE" Company




