3SDEXPERIENCE ATECHNODAT



Agenda

= Predstaveni Technodat, CEA systémy s.r.o.
= Predstaveni Centra aditivni vyroby kovU

= Projekt optimalizace dilG pro formuli a virnik

= Postup pfi optimalizaci dilQ

= Vize sdilené virtualni tovarny
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Centrum aditivni vyroby kovu

spolek CAVK = INTECHNODAT !773 neTaL 30

= QOsvéta, konference, workshopy, analyzy, skoleni v oblasti MAM

= Optimalizace kovovych dilt pro AUTO, AERO, COSMIC a IE

W

= www.AdditiveManufacturing.cz
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http://www.additivemanufacturing.cz/

Metal Additive Manufacturing
COMPLEX SOLUTION CENTER

Business
Partners
Universities
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AM product optimization lifecycle

Reverse Design & Simulate Validate Produce Post-process
engineering Generate laser path Finalwork
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CAVD - Ostrov obnovitelné energie
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CAVD - Dobris
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Konference
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Ing.Petr Zikmund, Ph.D.

—

g

Specializované
laboratore

a kancelarske prostory
CAVD

Zamérujeme se na:
Obnovitelné
energetické zdroje

a jejich uziti v praxi
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Projekty
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Nové moznosti konstrukce

Plvodni tvar Novy tvar
Hmotnost 790g Hmotnost 380g

Snizeni hmotnosti 0 52%
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Nové moznosti konstrukce

Optimalizace hmotnosti

Inovativni design
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Functional Generative Design

Modelovani, simulace a optimalizace v jednotném prostredi

= Efektivni navrh produktu

* Intuitivni pracovni postup pro konstruktéry

= Automatické generovani funkéné rizenych koncepcnich tvar(

= Bezproblémova spoluprace mezi konstruktéry, simulacnimi a vyrobnimi inzenyry
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Pracovni postup

@ Funkcni specifikace

Tvorba vstupni Definice zatiZeni a Definice parametr
, hranic¢ni geometrie okrajovych podminek optimalizace
= o (T3} Maxiize Sifiness - Mass Reduction - %5 Manufactusing Constraint
W Mass Reduction {[r % Thick
@ Symmatry
@ Navrh konceptu a porovnani variant
Tvorba variant Pfedbézna kontrola Generovani tvaru Posouzeni konceptu

pevnosti a tuhosti

Variants manager

Varianty konceptu an gh D

Bes. | Drsplay Name

@ Joiner Detailed Design SOAL

@ Modelovani vysledného tvaru

Nejlepsi - Tvorba vysledného solidu Kontrola pevnosti a tuhosti Vysledny tvar

EYNRNP YR
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Funkéni specifikace

@ Funkcni specifikace

Definice zatiZzeni a
okrajovych podminek

Tvorba vstupni
, hraniéni geometrie

m
@ Mass Reduction {IF

((T3) Maximize Stiffness - Mass

Definice parametru
optimalizace

R __29, Manslacturing Constraint

2 o

e

@ Navrh konceptu a porovnani variant

Predbézna kontrola
pevnosti a tuhosti

Varianty konceptu N @0 2 Q% ) WQ«’\;

Tvorba variant Generovani tvaru

= 5
(3) Modelovéni vysledného tvaru
o Al Tvorba vysledného solidu Kontrola pevnosti a tuhosti
Y koncept _ 0 N .,
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Posouzeni konceptu

Vysledny tvar

&
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(% 3DEXPERIENCE

StructureEngineerm E] ﬁ

D?S ’T 3DEXPERIENCE | CATIA 3D Generative Design Explorer

Joiner_Detailed_Design_S... Joiner_Detailed_Design A1 X




Navrh konceptu, porovnani variant

(1) Funkcni specifikace
Tvorba vstupni Definice zatiZeni a Definice parametri
. hranicni geometrie okrajovych podminek optimalizace
(D)) Maximize Stiffness - Mass Reduction 7 Manlacturing Constraint

= ,'/— " E | qg Mass Reduction [ _ Thickness Constraint

o

@ Navrh konceptu a porovnani variant

Tvorba variant Pfedbézna kontrola Generovani tvaru Posouzeni konceptu

pevnosti a tuhosti
Variants manager
Varianty konceptu IS 2%
Bes. | Drsplay Narme

3 ) Modelovani vysledného tvaru

Nejlepsi Tvorba vysledného solidu Kontrola pevnosti a tuhosti Vvsledny tvar
y y
koncept \ W

/

i
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«)) 3DEXPERIENCE

- X | (
3DEXPERIENCE | CATIA 3D Generative Design Explorer Structure Engineer [§}] e &
l"‘y Joiner_Detailed_Design_S... Joiner_Detailed_Design A.1 X 4 b
~ Exploration Assistant x
« Design Space Setup v
r w
\/y p O C et " Analysis Setup v
/" Targets v
+ Constraints v
« Shape Controls ~
5 7% Manufacturing Constraint
Thickness Constraint
.
{5 oo
@ Concept Shape v
@ Design Validation v
v/ Structural Analysis Case.1 —;—I (

Design Space Design Exploration View ‘ool Debug Touch
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Modelovani vysledného tvaru

@ Funkcni specifikace

Tvorba vstupni Definice zatiZeni a Definice parametri
. hranicni geometrie okrajovych podminek optimalizace

((I: [J] Maximize Stiffness - Mass Reduction  + 5. Manulacturing Constr alrt

@ Mass Reduction —}

B
T symmaet:
gl =

@ Navrh konceptu a porovnani variant o

Tvorba variant Pfedbé&Zna kontrola Generovani tvaru Posouzeni konceptu rv
pevnosti a tuhosti — F

Varianty konceptu N @0 2 Q% ) WQ«’\;

e T
-
@ Modelovani vysledného tvaru
v Nejlepsi Tvorba vysledného solidu Kontrola pevnosti a tuhosti Vysledny tvar
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-
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) 3DEXPERIENCE , E=Riol X )

3DEXPERIENCE | CATIA 3D Generative Design Explorer

n  Casting & Milling Detailed Design Shape Analysis View Tools Touch —l 7
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3DS Technologie | Rozsirené Portfolio

Simulace pro )
Produkt, Prirodu a Zivot

Document_2015

ysten. s | Confidential Information | 5/9/2018 | ref.: 3DS
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SolidWorks
Simulation

CATIA
Analysis

CAD Design
Simulace

Fo

f;m_ 4

Integrace &
Qptimalizace
" Jesignu

MKP

£
Multifyzika

Systémové
Simulace

Procesni Ne-parametricka

Optimalizace

Konceptualni
Inzenyrstvi

Vstrikovani
plast

yes

Elektro-
Multi-Body magnetické
Dynamics Simulace

p
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SIMULIA

-

N

Sjednoceni
virtualniho a
realného svéta
pro vSechny
priamyslové
odvétvi
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CATIA

SIMULIA
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Hrube zarazeni do dvou skupin metod optimalizace

Sizing &
par. shape

Structural

topology  gmuLIA
Tosca Structure

Is_ight

15 Geometric
opnmmu‘:lﬁ parameter
:@ :@ :

Analysis1_pr- Analysis2_po- Calculate_to-
} st

SIMULIA Y MDO

nnnnn

Tosca Fluid
\ N — Robustness DROSEM& &>
o Sizing  Structural % Reliability

: k. £

Fluid

topology

3DS.COM © Dassault Systemes | Confidential Information | 5/9/2018 | ref.. 3DS_Document_2015

Obhé skupiny maji své silné stranky — Mozna metoda zavisi na dané optimalizacni uloze

;:?S DASSAULT | The 3DEXPERIENCE® Company
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Topologicka optimalizace s Tosca Structure.topology

» Topology optimization calculates an optimized
design in a given design space for all specified
loads and boundary conditions

» The result is a design proposal for the
following detailed design process

» Benefits
> Significantly shorter development time

> The design process starts with a very good design
proposal

> Precondition for a final design with high quality

3DS.COM © Dassault Systemes | Confidential Information | 5/9/2018 | ref.. 3DS_Document_2015

> Saves material, weight and fuel

o8 27?5 sustemes | The 3DEXPERIENCE’ Company




Topologicka optimalizace pricného spojeni pro
AUDI
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Rozklad do vrstev

Existujici design

Navrh
prostorového modelu

j @ Topologicka Optimalizace

27?5 susremes | The 3DEXPERIENCE’ Company
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Porovnani

Existujici design — novy design

Vysledek

» Zrychleni procesu vyvoje

Document_2015

100 -

80 -

» 45% redukce napeéti, 10% redukce hmotnosti

» 1. prototyp prosel vSemi mechanickymi testy!

60 -

40 -

20 A

Vaha Max. napéti Max. posunuti

3DS.COM © Dassault Systemes | Confidential Information | 5/9/2018 | ref.: 3DS

m Existujici design = Novy design

27?5 susremes | The 3DEXPERIENCE’ Company
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Co Je ne-parametricka tvarova optimalizace?
Priklad: stabilizatorovy spoj Audi A8

» Changes to the front axle causes that coupling link no
longer fulfilled stiffness requirements (see test and
simulation results)

» Stress reduction of 25% required!

] 1 Possible solutions

o 1. Non-parametric shape optimization using
Designbereich A a Tosca Structure

Startkon_tgﬁ'_,.f' / r
— 2. Change of the radius of the contour

Begrenzungsflache

3DS.COM © Dassault Systemes | Confidential Information | 5/9/2018 | ref.. 3DS_Document_2015

1775 DASSAULT | The 3DEXPERIENCE® Company
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Co Je ne-parametricka tvarova optimalizace?

Vlysledek: stabilizatorovy spoj Audi A8

G\ Q

120

100 -
80 -
60 -
40 -
20 -

Initial geometry ~ Optimized coupling link

» Verification of result by recalculation with
Pro/Mechanica:

> Tosca Structure result (freeform surface):
Stress reduction by 30%

> Modified radius:

Weight Max. stress

W |nitial design = Optimized design

Stress reduction only by 18%
» Transfer into CAD and reconstruction
» Assembly in the new A8

27?5 susremes | The 3DEXPERIENCE’ Company
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SIMULIA Tosca Structure.durability (zivotnost)

» Shape optimization based on results of fatigue

> Minimization of the damage in the

v
coporerts suac SMULIA
v

> Specification of a volume constraint

o | _ Tosca Structure
> Combination of fatigue results and static
misuse load scenarios possible v J

» Direct use of fe-safe and FEMFAT

» With customizations: Falancs, nCode DesignLife,
Femsite. Virtual.Lab Durability or in-house fatigue code

27?5 susremes | The 3DEXPERIENCE’ Company
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Parametricka optimalizace
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Vlysledek a vizualizace automatické parametrické opt
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Aditivni Vyroba
Bio-inspirovany generativni design
Od konceptl az po funkéni ¢asti
Optimalizovano pro material, proces a v ramci moznosti stroje

p’S SHSrESEL 1 The 3DEXPERIENCE® Company
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Odstraneni mezer mezi navrzenou a vyrobenou soucastkou
“As-Manufactured” Part

“As-Designed” Part

Part is designed without
consideration of manufacturing
process

Standard material property
assumptions

Our AM solution can predict the
residual stress and distortion in
the “As-Manufactured” part

Thermal evolution and cooling rate
can also be predicted

A

DASSAULT
SUSTEMES

| The 3DEXPERIENCE® Company




Aditivni vyroba | Vyrobni proces REE

Process Optimization

- Predictive Analytics to:
- Reduce Part Stress and Distortion
- Minimize Print Time

- Increase dimensional accuracy . . -
- Prescriptive Analytics to: .
- Optimize manufacturing constraints =

3DEXPERIENCE

Science of material & predictive simulation
within manufacturing process

Document_2015

Process Planning
- Define the production steps to dispatch
across the manufacturing assets

- Optimization of the production time and ﬁm

resources utilization (station ...Machine)

Generative Additive Process with Physic simulation

- Select a predefined “Process Template”

- Generate the position & orientation of the part on the machine , supports
and laser path according to Material (powder properties) Machine
capability and Design Intent/Characteristics

- Progressive material addition analysis

- Thermal residual stresses / Part Distortions

- Generate the outputs for Fabrication (3MF, Machine Code, Models for

other operations ...)

3DS.COM © Dassault Systémes | Confidential Information | 5/9/2018 | ref.: 3DS
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Podporné struktury: Design a Simulace

» Support creation by zones or manually

> Automatic recognition of zones, edges and
points where supports are needed

> Minimize creation of supports on functional
surfaces

» Multiple support types through a library
> Linear supports
> Tree supports
> Lattice supports

» Supports optimization through simulation
> Optimize the support generation for an area
> Removal of useless supports
> Add supports for heat transfer

Simulation with Supports

Springback after Support
Removal

Springback in Context o
Support Locations

p?S DASSAULT | The 3DEXPERIENCE’ Company
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“As-Designed” Part Calibrated Process “As-Manufactured " Part

Path
Optimization

Document_2015

3| ref.: 3DS

Process
Simulation

Build
Orientation
Optimization

Support

Structure
Optimization

S

S

° Topology
= Optimization

p:_’s DASSAULT | The 3DEXPERIENCE’ Company
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Additive Manufacturing Programmer

Klicove funkce

= Rychla priprava a vizualizace technologie
= Tvorba podplrnych struktur

= Generovani drahy taviciho paprsku

= Podpora technologie Powder Bed

= Vystupni format pro stroje Renishaw
= Vystupni format 3MF

3DEXPERIENCE RTECHNODAT



‘{g ‘[; ~ 3DEXPERIENCE | DELMIA Powder Bed Fabrication | Physical Product " L 2 Jerémy mosse (3] el &

Priprava vyroby - tisku
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Prinosy aditivni vyroby

v'Inovativni design vyrobku

Initial Part
Mass : 790 g

52 % Weight Reduction

v'Lehdéi a optimalizovanéjsi tvar

v Efektivni vyuziti materiall s minimalnim odpadem
v Komplexni vnitfni detaily

v"Vlylepseny pfenos tepla (chlazeni)

v Kratké dodaci lhity

v"\Vlyroba pfimo z CAD bez specidlnich nastroju

3DEXPERIENCE RTECHNODAT



Prinosy aditivni vyroby

= Méné materialu b soskg
\ waste chips
" Méné energie " B oo e
material
- Méné Odpadu | p—— ' “_*” | " block for

machining

= Méné zdroju

* Méne transportu

m Mené Uh|I'kU Subtractive Manufacture

S laskavym svolenim GKN Aerospace

3SDEXPERIENCE ATECHNODAT



Prinosy aditivni vyroby

= Snizeni hmotnosti
= Zvyseni vykonu

" Snizeni poctu nahradnich dilG

3DEXPERIENCE S laskavym svolenim Renishaw ATECHNODAT
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