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Tosca Tuesday #4

Basics: Shape optimization

Example: Shape optimization of a wheel rim
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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 Terminology

design nodes Design

nodes > “Growth”: Design node is moved outwards in
... l normal direction (positive displacement)
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> “Shrinkage”: Design node is moved against
( normal direction (negative displacement)

.
‘e
‘e
.

Optimization
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).

172??555;5;#,;; | The 3DEXPERIENCE" Company

2
DS simuLIA




3DS.COM © Dassault Systemes

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 torsional loading
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Homogenous stress distribution
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Basics: Shape optimization

Example: Shape optimization of a wheel rim
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Example | Wheel rim
Get started ...
» Start Abaqus CAE (at least version 6.13, preferable 6.13-4)

» File = Import > Model = “rim.inp”
» File > Set Work Directory - Choose Directory
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Example | Wheel rim

Basic model: Loading and boundary conditions
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Example | Wheel rim
Shape Optimization: Setup

> Objective function
« Minimize maximal stress peaks (v. Mises)
—> Controller strategy
> Geometric restrictions
- Rotational symmetry
- Planar symmetry for each segment

- Stamp restriction (manufacturing)
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Example | Wheel rim

Shape Optimization: Used node sets

| Segment2

3DS.COM © Dassault Systemes

Complete model Design nodes
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Example | Wheel rim

Shape Optimization: Used node sets

D @
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Example | Wheel rim
Step 1: Shape optimization task

B fim
[ Parts (1)
[Pz Materials (1) 'y : - [ s
- & Calibrations 4 Create Optimization Task 5 Region Selection
T Sections (1) Eligible Sets
& . Mame: | Task-1 .
Profiles Sets below may contain vertices, edges, faces, cells or nodes.
A bl T
ﬂ Ssemoly ype Mame filter: &
o Steps (2) o
. Topology optimization
B Field Qutput Requests (1) . Name Type i
ape o) B
%’ History Output Requests S P MPC_SET 1 Mode
s Time Paints izing optimization NSET_DESIGN_NODES Node
Bs ALE Adaptive Mesh Constraints MSET_SLIDE Mode E
-G, Interactions MSET_STAMP_L Mode
- Interaction Properties MNSET_STAMP_2 Node
i contact Controls MSET_STAMP 3 Node
’4\? Contact Initializations NSET_STAMP_4 Mode
'2'15{5 E"":d_f':“":‘l‘;““””s NSET_STAMP_S Node
enstraints (1) Cancel NSET_STAMP_6 MNode
@ Connector Sections mrerr s s LY S
f Fields i i
Highlight selections in viewpaort
PU Amplitudes
L e
LBt (3
[ Predefined Fields
Remeshing Rules
41 § Optimization Tasks
I Sketches Switch Context Ctrl+Space
~f Annotations Manager...
i; Analysis

Filter... F2
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Example | Wheel rim
Step 1: Shape optimization task

&= Edit Optimization Task

MName: Task-1
Type: Shape
Region: MSET_DESIGN_NODES

&= Edit Optimization Task

&= Edit Optimization Task

Basic | Mesh Smoothing Quality | Advanced |

[7] Freeze boundary condition regions

Mesh Smoothing
Region: () Specify smoothing region: (Mot Picked)

@ Specify first layer: NMSET_DESIGN_NODES [

MNumber of layers to smooth: |5

() Smooth six layers using the task region
MNumber of node layers adjoining the task region to remain free:

) Fixall

Name: Task-1
Type: Shape
Region: MSET_DESIGM_NODES

Narne: Task-1
Type: Shape
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

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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Step size determined by: @ Min. displacement () Average displacement
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Example | Wheel rim

Step 2: Design response for maximal v. Mises stress

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

-
4 Create Design Response

MName: | DRESP_MISES

Type

Single-term

Combined-term

Whole Model | [Body (elements)| | Point (nodql%_l

Sets..|\

%Eﬁéff#g{ | The 3DEXPERIENCE" Company
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Example | Wheel rim

Step 2: Design response for maximal v. Mises stress

2 Edit Design Response = 2 Edit Design Response =
Name: DRESP_MISES Name: DRESP_MISES
2 Region Selection Py Type:  Single-term Design Response Type:  Single-term Design Response
. Tssk  Task- (Shape, Condition-based) Tssk  Task- (Shape, Condition-based)

Eligible Sets

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

. CsYs: (Global) [y L CsYs: (Global) [y L
Name filter: o
Variable | Steps Variable | Steps
flame, Type = Show available selectio For objective functions © For constraints Source of values: =
T ® () Use last step and last load case from the current m
MPC_SET 1 Node M ‘ "
ess aximum principal Specify:
NSET_DESIGN_NODE! Node peciy:
Strain 2nd principal stress
NSET _SLIDE Node £ Contoct stress Minimurm principal +k e o
NSET_STAMP_L Nede ‘S;tr‘aln energy density ﬁ:so:u:s minimum pr\.nc\.pa\l Model f.:: and " m, :I‘,:;
NSET STAME 2 Node alume solute maximum principa Case e
NSET STAMP_3 Node Eigenfrequency calculated with Kreisselm | Beltrami hypothesis Tim® LCo1 (Step-1)
Drucker-Prager hypathesis tiem* 1002 (Step-1)
NSET_STAMP_4 Node Galilei hypothesis
NSET_STAMP_S Node Kuhn hypothesis
MNSET_STAMP_6 MNed Mariotte hypothesis
siee ciaa T S Mises hypothesi
Highlight selections in viewpert Sandel hypothesis
Sauter hypothesis < i ’
‘ i y || Tresca hypothesis Shell layer values: | Maximum [
Operator on values in region: Maximun value Operator on values in region: Maximun value
Operator on values across steps and load cases: | Maximum value 7] Operator on values across steps and load cases: | Maximum value 7] I
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Example | Wheel rim

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

E| R Optimization Tasks (1)
= Task-1

= I Design Responses (1)
DRESP_MISES

Bl Objective Function

E Constraints Switch Context Ctrl+5pace

I Geometric Restrictin  Manager...

E Stop Conditions
]]b Sketches Filter... 2
~A Annotations

i: Analysis

2
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45 Create Objective Function

MName: | MIN_MAX_STRESS
Task:  Task-1

[ Continue...] [ Cancel

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
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Example | Wheel rim

Step 4: Geometric restriction for rotational symmetry

=11 4 Optimization Tasks (1)

Design Responses (1)
' DRESP_MISES

E 3 Objective Functions (1)
- MIN_MAX_STRESS

E Constraints

W Geometric Restriction:

E Stop Conditions

Switch Context Ctrl+5pace

4= Create Geometric Restriction S

-5 Sketches
~A Annotations
ig Analysis

Manager...

Filter... F2

2
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Mame: | GR_ROT_SYM
Task: Task-1
Type
Fixed region
Demold contrel (Shape)
Turn control
Drill control
Planar symmetry (Shape)
Member size (Shape)
Stamp control
Growth
Point symmetry (Shape)
Design direction
Penetration check
Slide region control

Continue... Cancel

5

sets.

4% Region Selection =

Eligible Sets

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

Name filter: o
Name Type o
MPC_SET_1 Node
NSET_DESIGN_MODES Node
NSET_SLIDE Nede E
NSET_STAMP_1 Node
NSET_STAMP_2 Node
NSET_STAMP_3 Node
NSET_STAMP_4 Nede
MNSET_STAMP_3 Nede
NSET_STAMP & Node

Highlight selections in viewpert
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Example | Wheel rim

Step 4: Geometric restriction for rotational symmetry

A

2 Edit Geometric Restriction |

Mame: GR_ROT_SYM

Type:  Rotational symmetry (Shape)
Task:  Task-1 (Shape, Condition-based)
Region: NSET DESIGN _MODES [

Rotational Axis of Symmetry

Vector positioned at CSYS origin:§ (0,1,0) Q

CsYs: (Global) [p L

Create a repeating pattern

Repeating segment size (degrees)f 60

Master Node
@ Determine from most growth or least shrinkage
() Determine from least growth or most shrinkage

@ Region: (Mot Picked

Geometric Tolerance

|02 ¥: 0.2 Z: |02

Ignore in first design cycle

2
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Pick the first point of the vector: | 0.0,0,0,0.0

Pick the second point of the vector: |0.0,1.0,0.0
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Example | Wheel rim

Step 5: Geometric restriction for planar symmetry (pair A)

EI I} 4 Optimization Tasks (1)
Bl Task-1
= I Design Responses (1)

 DRESP_MISES
4 Objective Functions (1)
- MIN_MAX_STRESS
E Constraints

Z Stop Conditions
-5 Sketches
~A Annctations

is Analysis

2
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Switch Context Ctrl+5pace

Manager...
Filter... !2
Set As Root

Expand All Under
Collapse All Under

4= Create Geometric Restriction [ =

Mame: | GR_PLAN_SYM_A
Task: Task-1
Type
Fixed region
Demold control (Shape)
Turn control
Drill control
Member size (Shape)
Stamp control
Growth
Rotaticnal symmetry (Shape)
Point symmetry (Shape)
Design direction
Penetration check
Slide region control

Centinue... Cancel

5

%+ Region Selection =

Eligible Sets

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

MName filter: g
Name Type -
MNSET_STAMP_3 Node
MSET_STAMP 4 Node
MSET_STAMP 5 Node
NSET_STAMP_6 Mode D
MNSET_SVYM_A Node

MSET_SYM_B Mode

MSET_SYM_C Node =
PART-1-1.BC Node

SET-DA Node

SET-DE Node

SET-DC Node -

Highlight selections in viewport
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Example | Wheel rim

Step 5: Geometric restriction for planar symmetry (pair A)

4= Edit G tric Restricti [ = ] . - .

T O eomeine Testneton —3 Pick the first point of the vector: |0.0,0.0,0.0
Mame: GR_PLAMN_SYM_A

Type:  Planar symmetry (Shape)

Task:  Task-1 (Shape, Condition-based) / Pick the second point of the vector: |1.0,0.0,0.0
Region: MSET_SYM_A

Mormal to Symmetry Plane
Vector positioned at C5YS origin:§ (1,0,0) k
1
CSYS: T £ —& H
Lot menstomn_covaa b A} > [Datum Cs¥s List.

Master Nodes

@ Determine from most growth or least shrinkage T

s N 2]
() Determine from least growth or most shrinkage 5r Datum CSYS List
MNames
Geometric Tolerance Transform__csys-A
X |02 ¥i |02 Z 02 Transform__csys-B

Transform__csys-C
[¥] Ignore in first design cycle =

Datum csys-1
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Example | Wheel rim

Step 5: Geometric restriction for planar symmetry (pair B & C)

Repeat for pair B
and pair C

2
DS simuLIA

A

& Edit Geometric Restriction B9

Mame: GR_PLAMN_SYM_B
Type:  Planar symmetry (Shape)

Task: Task-1 (Shape Condition-based)
Region: [NSET_SYM_B [

Mormal to Symmetry Plane

Vector positioned at CSY5 origin: I(l,ﬂ,ﬂ) R?I

I CS¥S: Transform_csys—B Ik A

Master Modes

@ Determine from most growth or least shrinkage

() Determine from least growth or most shrinkage

Geometric Tolerance

K02 ¥: 0.2 Z:02

Ignore in first design cycle

~

4= Edit Geometric Restriction

Mame: GR_PLAN_SYM_C
Type:  Planar symmetry (Shape)

Task: Task-1 (Shape Condition-based)
Region: | NSET_SYM_C [

Mormal to Symmetry Plane
Vector positioned at CSY5 origin: |(1,0,0) E?

ICSYS: Transform__csys—Cf [3 L

Master Modes

@ Determine from most growth or least shrinkage

() Determine from least growth or most shrinkage

Geometric Tolerance

K02 ¥: 0.2 Z:02

Ignore in first design cycle
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Example | Wheel rim

Step 6: Geometric restriction for stamping process (segment 1)

) % Create Geometric Restriction [
= [g Optimization Tasks (1) UL peprrey 2 Region selection IS
Eligible Sets
. Task: Task-1
I Design Responses (1) - Sets below may contain vertices, edges, faces, cells or nodes.
e
DRESP_MISES » Name filter: o
£ Objective Functions (1) Fixed region Name Type "
MIN_MAX_STRESS Demold centrol (Shape) MPC_SET 1 Node B
E Constraint Turn control NSET_DESIGN_NODES Node
— onstraints Dirill control NSET_SLIDE Node
38 Geometic Restiictions (1) Planr ymmety (Shape)
- GR_PLAN_SYM_A Switch Context Ctrl+Space Member size (Shape) NSET_STAMP_2 MNede
GR PLAN SYM B Mansger Fp— NSET_STAMP_3 Mode
= — = NSET_STAMP_4 Node
Growth - -
- GR_PLAN_SYM_C NSET_STAMP_S Nod
- - - Rotational symmetry (Shape) " y oce
NSET_STAMP_& Node
GR_ROT_SYM . .
L - Filter... F2 Point symmetry (Shape) NSET_SYM_A Node
B Stop Conditions Set Ac Root Design direction NSET_SYM_B Mode L
I Sketches Expand All Under Penetration check Highlight selections in viewport
A i Slide region control
~ Annotations g - -
i: Analysis Collapse All Under
Continue... Cancel

2
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Example | Wheel rim

Step 6: Geometric restriction for stamping process (segment 1)

P

4= Edit Geometric Restriction

Name: GR_STAMP_1

Type:  Stamp control

Task:  Task-1 (Shape, Condition-based)
Region: NSET_STAMP_1 [3-

Stamping Direction n
Vector: (0,10} [\}

CsVs: (Glebaly [y L

Draw angle: 0

Undercut tolerance: |0

Master Node
@ Determine from most growth or least shrinkage
() Determine from least growth or most shrinkage

@ Region: (Mot Picked

Stamp direction
(straight edge)

Geometric Tolerance

X|02 ¥: |02 02

Ignore in first design cycle

Conel

2
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Example | Wheel rim

Step 6: Geometric restriction for stamping process (segments 2-6)

=

55 Edit Geometric Restriction

Repeat for
segments 2-6

2
DS simuLIA

MName: GR_STAMP 2

Type:  Stamp control

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

Stamping Direction

‘u’ector:

CSY¥S: (Global) [p L

Draw angle: 0
Undercut tolerance: |0

Master Node

@ Determine from most growth or least shrinkage
(2) Determine from least growth or most shrinkage

@ Region: (Not Picked

Geometric Tolerance

X 02 ¥: 0.2 Z 0.2

Ignore in first design cycle

-

55 Edit Geometric Restriction

MName: GR_STAMP &
Type:  Stamp control
Task:  Task-1 (Shape, Condition-based)

Regionl MNSET_STAMP_6 a

Stamping Direction

CSY¥S: (Global) [p L

Draw angle: 0
Undercut tolerance: |0

Master Node

@ Determine from most growth or least shrinkage
(2) Determine from least growth or most shrinkage

@ Region: (Not Picked

Geometric Tolerance

X 02 ¥: 0.2 Z 0.2

Ignore in first design cycle
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Example | Wheel rim

Step 7: Submission of the optimization task

L:J X ptimization
& Task-1
=X Design Responses (1)
- DRESP_MISES
& Ohbjective Functions (1)
“ MIN_MAX_STRESS
E Constraints
= F Geometric Restrictions (10)
- GR_PLAN_SYM_A
- GR_PLAN_SYM_B
~ GR_PLAN_SYM_C
- GR_ROT_SYM
- GR_STAMP_1 L}
- GR_STAMP_2
- GR_STAMP_3
- GR_STAMP_4
- GR_STAMP_S
- GR_STAMP_6
t Stop Conditions

3DS.COM © Dassault Systemes
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i; Analysis

.g. Jobs
%@ Adaptivity Processes
Bl Co-executions

B o Optimization Processe

Switch Context Ctrl+5Space

Manager...

Filter...

F2

4% Edit Optimization Process

MName: Shape_rim

Model: rim

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

Optimization | Submission | Memory I Parallelization |

Controls
Maximum cycle

Data save: pecify cycles

p7 SRl | The 3DEXPERIENCE® Company
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Example | Wheel rim

Step 7: Submission of the optimization task

= Edit Optimization Process

= Edit Optimization Process

MNarne: Shape_rim

Model: rim

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

Optimization | Submission | Memory | Parallelization |

Controls

IMaximum cycles: 55 I

Data save: () Specify cycles

Gonel

MNarme: Shape_rim
Model: rim E|
Task: Task-1 E| (Shape, Condition-based)

Description:

| Optimization | Submission | Memory| Parallelization |

Use multiple processors | 4 5 I More CPUs
can be used

— =
[[] Use GPGPU acceleration | 1

Domain

Multiprocessing mode: | Default E|

2
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Example | Wheel rim

Step 7: Submission of the optimization task

EI BE Optimization Processes (1)

EI HE Optimization Processes (1)

Switch Context Ctrl+Space =] Shape_rim (Completed)
Edit... = & Jobs (6)
Copy... Shape_rim-Job_000 (Completed)
Rename... > Shape_rim-Job_001 (Completed)
Delete... Del Shape_rim-Job_002 (Completed)
Write Files > Shape_rim-Jeb_003 (Completed)
Validate Shape_rim-Job_004 (Completed)

m Shape_rim-Job_005 (Completed)
Restart
Meonitor...
i Computational time:
Results ~ 15m|n Wlth 4 CPUS
Set As Root
Expand All Under
Collapse All Under
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Example | Wheel rim

Step 8: Submission of the optimization task

EI HE Optimization Processes (1)

B Shape_rim (Completed]

=5 B Jabs (6)
Shape_rim-Job_(

Shape_rim-Job_{
Shape_rim-Job_(
Shape_rim-Job_(
Shape_rim-Job_(
- Shape_rim-Job_{

Switch Context Ctrl+5pace
Edit...

Copy...

Rename...

Delete... Del

Write Files
Validate
Submit

Extract... !
Combine...
Results

Set As Root
Expand All Under
Collapse All Under

2
DS simuLIA

& Shape_rim Monitor

Optimization process: Shape._rim

Status: ComplEtE Current job: | Shape.iim-Job

Objective Function
MIN_MAX_STRESS
2368348
14.81347
1280219
1123615
9.983248
9.306656

Cyde

hoE W e o

Log | Ermors | ! Wamings | Output File

Starting Tesca for Abaqus optimizatien module - design cycle 2
Starting Abagus analysis - design cycle 3
Starting Tesca for Abagus optimizatien medule - design cycle 3
Starting Abaqus analysis - design cycle 4
Starting Tosca for Abaqus optimization module - design cycle 4
Starting Abaqus analysis - design cycle 5

Starting Tosca for Abaqus optimization module - design cycle 5

n

Search Text

Text to find: [Tl Match case [l Mext {} Previous

Dismiss
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Example | Wheel rim

Step 8: Submission of the optimization task

24,
Maximal v. Mises

@ stress value
& 20.F " » "
5 IYIodlfy axis qlsplay
$ options (font, size, color)
: by double-clicking
_% 16.+
%

12.+

0 1 2 a. 5. 5.

3.
Cycle
~—— _Monitor: Shape_rim_Objective Functiom:MIN,MAX,STRESﬂ

2
7S simuLIA S BASSAYLT | The SDEXPERIENCE® Company




3DS.COM © Dassault Systemes

Example | Wheel rim
Step 9: Visualization ( 4\ Optimization has to be completed)

2 Combine Optimization Results =

=] o Optimization Processes (1) Optimization resuit directory: | DAHBE\0S 27 Tosca_Tuesdays\Tuesdays\Tuesday #\08_FINAL\Sh [~
=] Shape_rim (Completegy Analysis Result

Igl Jobs (6) Switch Context Ctrl+Space Create base results from: | Initial -] o
Edit... Optimization cycles to process: | | H I
Copy... ¥ Models “f@ Steps B
Shape_rim-Job STEP-1
Rename... " i I
‘ 5 B i
Delete... Del
Analysis Field Variables
‘Write Files (2 Select from list below @ Preselected defaults () All () Edit variables
Validate U,
Subrmit He 3
DM
Restart e !
Moniter... [IRF
[C1RM
Extract... s
Results Shape Optimization Results
Field Variables
Set As Root DISP_OPT
Expand All Under
Collapse All Under History Variables
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Step 9: Visualization
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Step 9: Visualization

| @ Fle Model Viewpor Yiew Resuh Plot Animete Report

ST T e B

L1 | [o RNNEV e

£ Abaqus/CAE 6.13-4 - Model Database: DAH38\05_27_Tosca_Tuesdays\Tuesdays\Tuescay 408 FINAL

. optimization_of_a wheel_car done.cae [Viewport: 1] =8| =

ST
LADEti12344/0

LI ] B 22 2 Viustaston deouts 7|~

Session Data Hs: ¥
& Output Databases (1)

# 5 Model Database (1)

2 0 Spectrums )

B XVPlts 1)

54 Display Groups 1)
# FreeBody Cuts
& Sueams

3DS.COM © Dassault Systemes
| o
H

(] Drag the mouse i s viewportto pan theview

Model| Results Module £ Vausizstion =] Modek [ D/HI8/05 27 Tosca ToesdnuTuesda e 41 > Wi | & 000

Con ape i S pomast Abspiaroes 647 Ko 1o\ A48V 3H Be Euyigh T 84

o Lcae_ocmasias, Sap camcnng et oy aesan g i o sy s ST, 4GB
AT o S

25 simuLIA

Job conpleted successtully
baqus/Standard coapleted successfully
Calculator comploted successfully
completed succeszfully
Aaalysis Inpat Fils Procesecs
bagiz Standard conpleted succmeziully
Calculator completed successt
completed successtully

laxd cospleted successiully
m;m.mx wm.mj cuccesstally
ob Shape_rin_Job con
btintzatTon rrocese Bhebe rin cospieted succesefully

nalysiz Input File Processor coapleted successfully
pleted successfully

Analysis lnpu\ File Processor coaplated successfully
baqus

2
DS simuLIA
36

4 Abaqus/CAE 6.13-4 - Model Database: DAH38\05_27.Tosca_Tuesdays\Tuesdays\Tuesday_4108_FINALTTT_04. Shape_optimization_of_a_wheel_car_done.cae [Viewport: 1] o8] =

[8) File Model

Model | Results
Sesson Data

€ Ouput Daabses 1)
915 Model Dasbase 1)
# 0 Spectrums 7)
S XVPlots 1)
@8 xData (1)

B Paths
Oisplay Groups 1)

lewport View Besult Plot Animate Rgport Options Tooks Plugeins

TEHm S & [E e LI Buloimey [fsampy  mses
ERSHEN\A K=

LR A 1 2 3 4 X0

A 8@ 10
»a o K Fon T2 1 # Visuataation defouns ) (50 +

Module: [£Visualization [v] Modek: [£]D:+38/05 27 Tosca Tuesdays/Tuesday it @ > 2 | & @I D)

[ - 2 L 28 B Byl T 014

SRS s S s o

o] [ P S——— 75 simuLia|

~Job conpleted succesat

ob Shape_rin-J;
Optinization process

e SwossTay >
¢ File Processor conplated successtully
9uetrz.s[unl

conpl |
Biiereis capieied succesafully

D%Eﬁéf;#é‘; | The 3DEXPERIENCE" Company




3DS.COM © Dassault Systemes

37

Example | Wheel

Step 9: Visualization
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