Morphing and Optimization with ANSA and META
for Aerospace Applications
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ANSAIB

PRE PROCESSOR

The most complete
solution for

full multivariant

model build up. Quality,
automation, performance,
multidisciplinary nature
and abundance in
features and tools, in a
single environment.




META

POST PROCESSOR

The powerful platform for
effectively handling the
most demanding
post-processing tasks,
including animations,
plots, videos,

virtual reality and
reporting.

physics on screen
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ANSA input / output Interfaces

* Ready-to-run solver
input files

* CAD files
* Tessellated data
e META Product Tree

¢ BHTLARE Fie
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From...

* CAD & PDM data
* Keyword files

* Tessellated data

¢ Other (e.g. Medina)
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Geometry
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Holes treatment Fillets handling




Iing Types

Shell Mesh

ing

S
o
(%)
S
42
4=
(7]
=
©
S
=)
fre)
(]
>
S
e
(%)

components
Wrapp

VAN

AVAVA S,
L5

Surface Meshing

CFD Meshing




Batch Meshing Shell Meshing

+ Definition of meshing
parameters and quality
criteria

- Features treatment and
R . model simplification

Mews,| | Read Scenario | | | Autoload | |Run [] Update status

Hame Contents Color Mesh Parameters Quality Criteri: Status |7 [+ [ A t t . h o d

v [4] Meshing_Scenario_1 17 o a ;mpleted ® u Oma ].C me S lng an
Session 3 4[] m—idmm Untitled Completed . .
=1 : quality improvement
Default_Session o = | lismm Untitled Completed

Feature treatment
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Shell Meshing

Featurel\f‘lanager b © Automatic recognition
|§‘$ Parameters | | = Edt| |C' Update | ,E Clear Al | lzl @ . Of features

Feature Manager

IR + Features meshing
A o v O 0 treatment

~ stamps - Features shape
1 fianges 20 modification

Abe Logos

[Z) Holes 3D

ey
4 | selected 0
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Shell Meshing

Feature Manager: Features shape modification

Feature Manager X
7 Parameters = Edit, Update Clear All
=
() Holes 2D o Shape Diam./Size Size 2 Ratio Eq. Diameter  Proximicy 7|v =)
— 5 Round 2.5 25 1 2.5 O
) Filets 6 Round 2.5 25 1 25 O
7 Round 2.5 25 1 2.5 O
T Chamfers 8 Round 2.5 25 1 25 O
i
" Stamps
1 Flanges 2D
Abc Logos
(=) Holes 3D
4 | selected 0




Hexa Block Tool

C/L type structure generation

uctural models Element zones generation




Analysis Tools
Bt ke -.. + Explore differences

- Capture and re-use

CFiter opsons | [ |- [E]
[550]  Mode 3:fmatirsid s/ DATANMazk(Catla testWing Section... [5¢] | Model2: JmntiraldciskiDATANmazi/Calla testNing Section V3OLAFINEK...
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2 % DB GENERAL (1) & ¥ DA GENERAL (1)
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& = Geometry
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Morphing -
Optimization




Parametric shape morphing for FE and geometry
structures/surfaces using morph boxes.

Morphing -
Optimization

Parametric modifications of features like Beads,
Stamps, and Openings

Setting up optimization task for batch DOE and
Optimization runs

Setting up topology optimization

Advanced morphing and concept design tools




Morphing: Optimization loop _
Morphing -
Optimization Loop

original CAD
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Morphing Strategies

Box Morphing

in ANSA
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Direct Morphing Morphing Strategies
in ANSA




Blades Morphing for
shape optimization




Mesh morphing of rear windscreen of Passat car for Aerodynamic performance @

Box Morphing
Application
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Box Morphing

Morphing — External Aero

Application
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Create Features

Openings
Flanged Openings
Beads

Stamps

2D Ribs

3D Ribs

Solid Ribs

www.beta-cae.com



Feature type TS | Create Features

E Feature creating tool *
Paramaters | Paramaters Definition of
Confirmation | Feature type: |Bead = - F ture t e
Straight rounded | | Width (W) e a yp
lW Height (H) = Shape
Angl(R)  ~ .
T Radius (R1) - Section
Radius (R2) . o
Top view - Dimensions
Fotboom - Meshing Parameters

Section view

Invert direction

Select entities
from visible FE

@ﬂ' Mesh parameters

Meshing
Parameters

‘ www.beta-cae.com



Create Features

Straight Rounded Opening

www.beta-cae.com



Create Features

Flanged Circular Opening

www.beta-cae.com



Create Features

Curved Rounded Bead

www.beta-cae.com



Create Features

Stamp Rectangular

www.beta-cae.com



. Create Features

Rib Solid

www.beta-cae.com




Create Features

3D Rib on shells

www.beta-cae.com



Create Features

2D Rib on shells

www.beta-cae.com



normal

[ save as morph parameter

<Back | [ Fnsh || cancel

Parameterize Features

Automatic definition of
morphing parameters for
created features

www.beta-cae.com



PARAMETERS X

B (& J=m@m Parameterize Features
1d ‘Name

12 Feature_translate_at_X
13 Feature_translate_at_Y

Automatic definition of
morphing parameters for
created features

Parametric Movement *

[ origin | | [0.00000000 B

-100 ' 100 | total 2 | selected 0
[ e B N R |
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[R] Feature Manager *
»< Parameters | | = Edit,| | Update | | T Clear All | |= Q.
Z 3 Height Si ] v|[zz]
) Filets Id Height ‘Sze | Treatment b dhd| =
v 2 2. 48.68 Show

3 2. 45.03 Hide

4 2. 45.03
L Fenges20 | 1o Sy gy Show onl

: : Zoom

6 543 24.5

7 543 24.5 Invert Selection

8 298 151 Clear Selection

9 2.98 15.1

10 29 829 Delete i’

11 5.6 28.55 {3 Mesh Treatment L4

12 56 27.75 & > ==

&7 Design Actions e
@ Move
& copy
Edit Patch

Holes 2D

Stamps

Flanges

Fillets

Show
Hide
Show Only
Edit

Pick

Remove Patch
Auto-Generate Patch

Modify Features

Through the Features
Manager
or

On screen menu
or

Through the Morphing
Tool > Design Changes

www.beta-cae.com



Adjust mode
Scale mode
Reset

As global

To center

Maove free

Set value...

Movement type
Final
Edit surface

Save as DC Feature

4

~  Adjust mode
Scale mode
Reset
As global
To center

Move free
Set value...
Inverse
Align to

Movement type

Final
Edit surface
Save as DC Feature

13

»

X

—-/.

Adjust mode
~  Scale mode

Reset

As global

To center

Move free
Set value...
Align to 4

Movement type 4

Final
Edit surface
Save as DC Feature

Modify Features

Using of multifunctional
compass for

-Modify feature
-Adjust coordinate system
-Scale feature

www.beta-cae.com



Modify Features

Copy Features

www.beta-cae.com



Modify Features

Translate - Scale

www.beta-cae.com



Modify Features

Follow Path

www.beta-cae.com



Optimization Tool

+ Set up, run and see real-
time results of a DOE
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Workflow

| Workflow | DOE setup | Results

Optimization Tool

Optimization Task

(=]
Root
5 J‘;E OPTIMIZATION_TASK_1
=] E}] Pre-Processing

/home/e.icannou/Desktop/te

front_height

side_height
side_width
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Q/‘A /home/e.ivannou/Desktop/te

PSHELL_700007_T

/home/e.ioannou/Desktop/te

@ Solver

EB] Post-Processing

ol I Dk

Baseline run

Design variables

ID Name

i frant_height
side_height
side_width
rear_height
rear_width

~ oW B W N

TYPE
REAL
REAL
REAL
REAL
REAL

PSHELL_700001 T REAL
PSHELL_700002 T REAL

Responses Ansa & Meta

ID Name RESULT

RANGE
BOUNDS
BOUNDS
BOUNDS
BOUNDS
BOUNDS
LIST
LIST

1 Height 71.46588348010893
2 Width 89.8920493499842

Constraints

Name

Expressmn
i Torsion Constraint torsion<310
FHeight Constraint front_height<3.7

Current Value

0
0
0.
0.
0
2
2

Min Value = Max Value  Step Value Discrete Values

0. 4.
0. 4.
0. 5.
0. 3.
0. 5.
18 2
16 2.2

[F[¥ D Meta response

2 torsion
1 bending

1.8.1.9.2.
1.6,.1.8,2..2.2

Value
213.114822
300.277985

(=)a|

=l[£]am

Optimization Tool

- Set up, run and see real-
time results of a DOE
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Coupling with
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Shape Topology
Automated Automatic smooth
through Morphing model definition
Tool
NASTRAN SOL
200
Size Topography

_ Creating beads
Element, Material

and Connectivity

Properties Topometry

Thickness detailed
optimization

NASTRAN SOL 200
Optimization



Task Manager

Tasks [’ »

@ x

Root

v O #] 50L200 Initzl Model
v [] 595 501200 SIZE TASK

~ O B rreprocessmG

[ F4f DESIGN vARIABLES
~ [] _1_ SIZE_OPTIMIZATION
O £} DVPRELs
O ¢ DLiiks
[] = ResPONSEs
[ #f¢ consTramTs
v [ & PARAMETERs
O ¢  DopTRRM
[ (@ OBIECTIVE_FUNCTION
O E eroer
O [# outeur
v [ 9 START_OPTIMIZATION
O B> run
v O[] rosTerocessms
O 3] view
v [ + VALIDATION
[ [#8) UPDATE Thicknesses
0 + VALIDATION OUTPUT

e  |[E|TIHE
S0L200 Initial Model

Optimization Tesk

PRE-PROCESSING

DVPRELs
DLINKs
RESPOMSEs
CONSTRAINTs
PARAMETERS
DOPTPRM
OBJECTIVE_FUNCTION
HEADER

OuTPUT
START_OPTIMIZATION
RUN
POST-PROCESSING
VIEW

VALIDATION

User Script

VALIDATION OUTPUT

L

i}

Sy —[ -

Available fields X
List fields for: | PSHELL -
T Fild T

O 12y1~~3

| total 6 | selected 1

oK Cancel

SOL 200 Size
Optimization

- Massive definition of

design variables

- Automatic definition of

DVPREL



SOL 200 Shape
Optimization

"y

/a




Task Manager

X

Tasks [’ »

&

Root

v O #] 50L200 Initzl Model

v [ 395 S0L200 TOPOLOGY TASK

~ O B rreprocessmG

~ [] =¥ TOPOLOGY_OPTIMIZATION

v [] 99 START_OPTIMIZATION

0 & pesien_area
[ = RESPONSES
1 3f¢ consTrANTs
[0 & PARAMETERs

O OBJECTIVE_FUNCTION

O [& resoer
O [# outeut

O B run

v [ @ POST-PROCESSING

O[3 view

e  |E|Tl-[=
S0L200 Initial Model
Optimization Tesk
PRE-PROCESSING
TOPOLOGY_OPTIMIZATY
DESIGN_AREA
RESPOMSES
CONSTRAINTs
PARAMETERS
OBJECTIVE_FUNCTION
HEADER

QUTPUT
START_OPTIMIZATION
RUN
POST-PROCESSING
VIEW

SOL 200 Topology
Optimization

- Composite
- Constraints
« Automatic smoothing

action

- Automatic validation

model definition



1§ Task Manager

Type [7=|7 [V

HAS 501200 Initial Model

soL

595 S0L200 TOPOLOGY TASK
=[] M PRE-PROCESSING

TOPOLOGY_OPTIMIZATION

S0L200 Initial Mode!
Optimization Task
PRE-PROCESSING

TOPOLOGY_OPTIMIZ

TOPVAR_PID_L DESIGN_AREA
TOPVAR_PID_2 DESIGN_AREA
TOPVAR_PID_3 DESIGN_AREA
TOPVAR_PID_4 DESIGN_AREA
TOPVAR_PID_S DESIGN_AREA

= RESPONSEs RESPONSEs
= FRMASS Topology DRESPL
= COMP Topology DRESP1

¢ consTRAINT: CONSTRAINTs
Sf¢ DCONSTR DCONSTR

/ PARAMETERS PARAMETERS
& DOPTPRM DOFTPRM

MINIMIZE_COMP Topology OBJECTIVE_FUNCTIO

[E HeDer HEADER

B Optimization Topelogy Wizard

Design Space.
Responses
Constraints
Parameters
Objective
Header

SOL 200 Header

Do you want to create a SOL 200 Header?

Create Header

& Push the button to create a SOL200 header if needed.

el

Nastran Header Editor

settings
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Text Edit

‘4

utities ~

Subcase List |

sOL 260

CED

ECHD = NOWE
DISPLACEENT(PLOT) = AL
FORCE = AL

STRESS (PLOT) = ALL
STRATH (PLOT} = ALL
5PCF= ALL

SUBCASE 1
ANALYSIS = STATICS

TLILE 3.5 an Spar, Afleron Load down
Lo &

she= 2

SUBCASE 2
MNALYSTS = STATIC:

TLTLE 3.59 on Spar, Aileren Load up Load
LoAD= B

sPe= 2

SUBCASE 3

ANALYSTS = STATICS

TITLE -2.09 on Spar, Aileron Load down
LoMD= o

SPe= 2

SUBCASE 4

ANALYSTS = STATICS

TITLE -2.0g on Spar, Atleron Load up Load
= 18

SPC= 2

BEGTH BULK

PARAM, DESPCH, 1
PARAM, NASPAT, 1
PARAM, POST, -1

200

B

Cancel |

SOL 200 Topology
Optimization:
Embedded Task
Wizard

Defines:

+ Design Space

« Design Responses
+ Constraints

« Optimization
Parameters

+ Objective function
« Auto complete Header



 Task Manager

e (=7 ¥

B 501200 Initial Model

SOL200 Initial Mode.

395 SOL200 TOPOLOGY TASK
ﬁ PRE-PROCESSING
TOPOLOGY_OFTIMIZATION
TOPVAR_PID_L
TOPVAR_PID_2
TOPVAR_PID_3
TOPVAR_PID_4
TOPVAR_PID_5
= RESPONSEs
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& DOFTPRM
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& Heaper
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NAS START_OPTIMIZATION
&> RUN

POST-PROCESSING

] view

Optimization Task
PRE-PROCESSING
TOPOLOGY_OPTIMIZ!
DESIGN_AREA
DESIGN_AREA
DESIGN_AREA
DESIGN_AREA
DESIGN_AREA
RESPONSES

DRESPL

DRESP1
CONSTRAINTs
DCONSTR
PARAMETERS
DOPTPRM
OBJECTIVE_FUNCTIO
HEADER

ouTPUT
START_OPTIMIZATIOI
RUN
POST-PROCESSING
VIEW

I [»)

Design Space.
Responses
Constraints
Parameters
Objective
Header

Optimization Topalogy

ard

SOL 200 Header

Do you want to create a SOL 200 Header?

Create Header

& Push the button to create a SOL200 header if needed.

el

Nastran

Editor

Setings  Unities -

RN GRS EUREBumunmewne
14

TextEdt | Subcase List |

soL 200
CEND
ECHO = NOWE

~ DISPLACEMENT(PLOT) = ALL
FORCE = ALL

STRESS (PLOT) = ALL
STRATH (PLOT} = ALL
5PCF= ALL

—

SUBCASE 1
ANALYSTS = STATICS

TITLE 3.5 on Spar, Aileron Load down
LoDz 6

SPc= 2

SUBCASE 2
MNALYSTS = STATICS
TIILE 3.59 on Spar, Aileren Load up Load

L
S

SUBCASE 3
ANALYSTS = STATICS
TITLE -2.09 on Spar, Aileron Load down

Sp

SUBCASE 4

ANALYSTS = STATICS

TITLE -2.0g on Spar, Atleron Load up Load
0

Spc-

BEGIN BULK

PARAM, DESPCH, 1
PARAM, NASPAT, 1
PARAM, POST, -1

200

B

Cancel |

SOL 200 Topology
Optimization:
Embedded Task
Wizard

Defines:
« (Call the solver

« Auto complete the
Header with multiple
subcases



Task Manager

X

Tasks _ [} D

Root

v O #] soL200 Intal Model

~ [ 395 50L200 TOPOMETRY TASK

~0O

PRE-PROCESSING

TOPOMETRY_OPTIMIZATL.
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RESPONSEs
CONSTRAINTs
PARAMETERs
OBJECTIVE_FUNCTION
HEADER

OuTPUT

~ [] 9 START_OPTIMIZATION

mi

RUN

e |E|TI
50L200 Initial Model
Optimization Task
PRE-PROCESSING
TOPOMETRY_OPTIMIZA’
TOMVARs

RESPONSEs
CONSTRAINTS
PARAMETERS
OBJECTIVE_FUNCTION
HEADER

QUTPUT
START_OPTIMIZATION
RUN

POST-PROCESSING
VIEW

SOL 200 Topometry
Optimization



Topology Optimization: META Tool

) Topology Optimization

]

Read Results ] View Results | Advanced L

[ Initialize

l

View Cycle

|21: Cycle 21

Elements

[ Add I Remove I Reset

View Options
| Synchronize Views between Windows

Show beth elements and isofunction
Checks

[ Unconnected Regions

Isctunction

[ Create I Delete I Export

Post Processing for

Optimization

+ Auto detect results file
(.des)

+ Several View Modes

- Creates smoothed
surface from the
optimized area

- Exports the surface in
neutral format



Optimesh:

New tool for Topology
Optimization Post-
Processing

Optimesh result

Design Space Optimum model




Topology Optimization: TOSCA Optimization

Task Manager ®
Database = Task Manager
==L &

I

foot =

- g} MODEL_LINK(MSCNASTRAN)
| @@ bracket HEADER.bdf
~[¥ g8 GROUPS
- ¥| 57 TOPOLOGY_OPTIMIZATION_CONTROL...
=1 ¥/ | DESIGN_AREA
¥ | DV_CONSTRAINTS
- ¥ % DemoLD_conTROL 1
- P MEMBERSIZE CONTROL 2
| [ OB)_FUNC_ITEM_1_(MINIMIZE)
v T\, COMPLIANCE TERM_1_(STRAIN...
=¥ [ CONSTRAINTS
(i E VOLUME_CONSTRAINT_1_(REL ...
- ¥ € GLOBAL_STOP_CONDITICN_L
¥ [ Output
CHECK_INPUTS

START_OPTIMIZATION
- ¥ = RUN
¥ [J5| POST-PROCESSING
= [P GENERATE_REPORT_FILE

=[] ) SMOOTH_INSTANCE
¥ g RUN_SMOOTH
= [ F| VALIDATE
! B BATCH_RECONSTRUCT
| [ soup_mesH
| [E® fhome/e.ioannou/Documents/...
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Topology / Size / Topometry Optimization with
= EPILYSIS

[ e

— i~ Name -
nee [E[VE]S 1T Partsody .
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=[] 595 SOL200 TOPOLOGY TASK Optimization Task 3 frdedy
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o0 3 s —— WOIKIIOW dellnition
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N outrur ouTPUT
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