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Stamped Steel UCA




F/P Analizi

FORGED/ STAMP/
FMD/SLA SLS/SLM CASTING
INJECTION MILLING

e 250 €£/kg e 1000 €/kg e 2 €/kg e 3€/kg e 5€/kg
e 0.1 kg/h e 1kg/h o e 1000kg/h e 100kg/h
e 50.000 € e 300.000 € e 10.000 € e 200.000 € e 200.000 €




TASARIM VE IMALA S
GELENEKSEL YO N I Bl

YENI JENERASYON

* Geleneksel imalat yontemlerinin kisitlari, tasarimlarin
sekil yapisini belirleyen birincil unsurdur.

* Takimlarin ulasamadigi kisimlarda fazladan malzeme
bulunabilir.

* Geleneksel tasarim, bilgi birikimi ve tecriibeye
dayalidir. Optimum sekli bulmak yorucu olabilir.

[1] Muzzupappa, Maurizio & Barbieri, Loris & Bruno, Fabio. (2011). Integration of topology optimization tools and knowledge management into
the virtual Product Development Process of automotive components. Int. J. of Product Development. 14. 14 - 33. 10.1504/1JPD.2011.042291.



Topoloji Optimizasyonu (Yerlesim Eniyileme) Nedir?

Human intuition drives the geometry

“Belirli kisitlamalara dayanarak, bir
seklin, belirli bir hacimdeki
yerlesiminin, fizik giidiimlii olarak en
verimli ifadesini bulmaya ¢alismaktir.”

o



Neden Topoloji Optimizasyonu Yapiyoruz?

Performans ve tasarimi gelistirmek.
Hafifletmek

Talas miktarini ve isleme enerjisini azaltmak
Genis malzeme secenegi ile calisabilmek.

Figure 1.1-Organic optimised shapes produced by topology optimisation. From (Galjaard et al. 2015)
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Optimizasyon Hiyerarsisi

J(numesys

Imitial design domain Solution parameter

Sizing optinization: Known structural Optimal cross-section radius
connectivity and known cross-section
shape. but unknown shape geometry

Shape optimization: Known structural Optimal cross-section shape

connectivity but unknown cross-section
shape

Topology optimization: Unknown Optimal topology
structural connectivity, shape and size o




Enlyi

Optimizasyon,

ilhamin dogadan

alinmasi ile

gerceklestirilir.
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Topoloji Optimizasyonu is Akis

Ansys



Geometri
Olusumu

Validasyon
Dogrulama

Yerlesim
Eniyileme

Sonlu
Elemanlar

Analizi




Vaka Analizi — Vites Catali Yerlesim Eniyileme Calismasi

* Malzeme — Dokim A380 Aliminyum
Alasim

* Orijinal parcanin glivenlik katsayisi cok
yuksek

e Dokumle Uretilmis
* Yerlesim eniyileme ise yarayacak mi?
* Sonuglar rijitlik ve saglamlik agisindan
degerlendirilebilir mi?
« Uretilebilirlik?

e Sonug geometri katmanli tiretim yerine
dokiime uygun olabilir mi?

Mass [g] 491

Orijinal Tasarim

J(numesys



* Orijinal modelin, Sonlu elemanlar analizi ile gerilme ve sehiminin tespiti

Von Mises Stress (MPa) ¥

Surface ¥
Deformation (mm) ¥

Magnitude ¥

2420 —

Surface ¥

5.69E-2 —

Total deformation: 0.059mm , ,
Equivalent Von Mises Stress: 24.2MPa

numesys



* Ansys Discovery Live — level set topology optimization

Topology optimization result volume

Topology Optimization:

* %85 Hacim azaltma kriterine gore

Percent Reduction
Inflation

Converted Results

Equivalent Von Mises Stress: 95.64MPa




SpaceClaim AutoSkin komutu ile STL veriden CAD geometriye gecis

isleme bolgelerinin
diizenlenmesi

numesys



 Dogrulama: Ansys Workbench ile Dogrusal Olmayan Yapisal Analiz

—{ 0.035846
—{ 0.028677

0.021507
0.014338
0.0071692

Total deformation: 0.1mm

Equivalent Von Mises Stress: 106.13 MPa
J(numesys




1 glnlik saha verisi

* Dogrulama: Dayanlilik Analizi . |
* Tipik calisma sartlari altinda:
* 5senelik calisma 6mru

* Maksimum gerilme bolgesinde
6.114E+4 cevrim Omru

* Hasar baslangici, ince federlerde
gorulecektir. Bu durum catlak
ilerlemesinin butun yapiyi
etkilemesinde 6nemli bir unsurdur.

day1(s3t) Ch3:FY

Minimum Omiir: 6.114E+4 cycles

(Calculated using Ansys nCode)

J(numesys



Ozet

e Vites catali
* Malzeme: A380 Al Dokim

* Dogrulama ile orijinal geometriye cok yakin
rijitlik ve sehim bulunmustur.

* 6.114E+4 minimum omur tespit edilmistir.
* Parca dokium yontemi ile imalata uygundur.

Mass [g] 491 78.6

84% Kiutle |
azaltimi Eniyilenmis
Tasarim

J(numesys



Design Contribution Plot
(Rear beam, torsion, bending)

Model by courtesy of Jaguar Land Rover




Uygulama: Carpisma Dayanikhligi

Reference: Shell structure | ~ Baseline: Solid block Optimal Solid structure |
| D

t=

E

Mass: 23.2 kg I

t=20ms
Mass: 1.31 kg (¥ 15%)
Scaled IE: 1.56 Scaled IE: 1
Mass: 1.54 kg Scaled Peak Accel: 0.51 Scaled Peak Accel: 0.62 ({38%)
Scaled IE: 1

Scaled Peak Accel: 1



Applications: Crash

ol

Shell

Solid

J(numesys



Otomatik Validasyon — Ansys Workbench

X - :

b -

Wl = Static Structural 1 Wl = Static Structural

2 g Engineering Data +" [ g Engineering Data v 2 g Engineering Data '

3 Geometry W g—— M3 &) Geometry v 3 Bl Geometry v 4 | >
4 §@ Model v g E4 § Model v . 4 |§@@ Model v

5 @@ setup v ‘r/-s @ setwp v . 5 @@ setwp v Export Optimized

6 | §E Solution v 6 Solution v 6 Solution v 4 Geometry

7 @ Results v 7 @ Results vy 7 @ Results v

4 4
Static Structural \ Topology Optimization Static Structural /

Static Structural
(or Modal) L
Problem Set up

Original Assembly Optimized Part Validate Design

T(numesys



Isil ve yapisal yuklemeler ile birlikte yerlesim eniyileme

B E Steady-State Thermal (A5)

H hd B hd C
I =2 Initial Temperature — —
: Steady-State Thermal b = Static Structural I8 OB Topology Optimization

"""" "'T" Analysis Settings } Engineering Data  4——M2 & EngneeringData ~ ,—— M 2 & Engineering Data v .
: ITemperathe ) Geometry R I @) Geometry A e ] @) Geometry ¥ 4
frre . Heat Flux ) Model v g——W4 @ Model v ,——84 @ Model v 4
""" //- Solution (AG) | setup v 5 @@ setup 7 4 5 @ setup 7 4
-z ¥] Solution Information ] Solution 7 4 6 | @3 Solution 7 4 6 | solution 7
b /ﬁ Temperature ) Results 7 4 7 |@ Results 7 4 7 @ Results 7 4
[ E Static Structural [BE} Steady-State Thermal Static Structural Topology Optimization

------- ., :;’f\_ Analysis Settings
------- .,Eiﬁ, Fixed Support
------- w Force
- ‘ Imported Load (A6)
........ ,-*_}I Imported Body Temperature
= /- Solution (B6)
b ;m Solution Information
: ------- %51 Total Deformation
-------- /ﬁ Equivalent Stress
- },;'E Topology Optimization (C5)
....... 7N Analysis Settings
------- o ﬁ Optimization Region
....... ‘(4“5 DbjECti'u'E
....... / r% Response Constraint
------- b Manufacturing Constraint
- /. Solution (C6)
/| ¥] Solution Information
........ ”m Topology Density

J(numesys



Beta support of Lattice optimization for eight lattice structures

Details of "Optimization Region”
[-|| Design Region

Scoping Method Geometry Selection
Geometry All Bodies
=l «L I!J Topology Optimization (C5) [=I| Exclusion Region
_______ v :;i Analysis Settings Define By Mamed Selection
= Mamed Selection Selection

------- ! dif: Optimization Fegion
------- ‘,{f} Chjective
------- /o Response Constraint

[=I| Optimization Option

Optimization Type

Lattice Optimization [Beta)
Cubic

Lattice Type (Beta)

....... i h MEI’IUfEL'hJFiI'IQ Constraint Minimum Density (Beta) o
OO T Maximum Density (Beta) phere
= /s Solution (C6) Midpaint
----- Solution Information gf;;fmm
H— i Crossed
A& Topology Density Crossed
Qctahedral 2

Jetails of "Optimization Region”

|| Design Region

Scoping Method | Geometry Selection

Geometry All Bodies -

|| BExclusion Region

Define By Mamed Selection

Mamed Selection | Selection

|| Optimization Option

alsii]) e My -8 Topology Optimization | 0.64444
Topology Optimization [y

Lattice Optimization [Beta) byl

037778

0.28884

0.2 Min

T(numesys



1182 Max
10506
919,31
787.98
656.65
525.32
303,99
262.66
131.33

0 Min

"
a
n
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NUMERICAL SYSTEMS

[:l Marginal q‘;0;4t

. Keep (0.6to 1.0)



Topology Optimization demonstration on Cantilever beam using Extrusion Manufacturing constraint:

(1)

(a) (b)

Fig. 31 Result obtained by using the extrusion constraint: (a) design domain discretized into 3920 elements; (b) beam profile “I" obtained by using a 30% volume constraint
(C*-743)

- - B
I = static Structural 1
(2) 2 G Engineering Data " 2 g Engineering Data ¥ 4
3 ﬂ Geometry v 4 3 ﬂ Geometry LA
4 @ Model v o4 4 @ Model v .
5§l setup v . 5 @ setup v .
] Solution v 4 (] Solution v 4
7 @ Results v 4 7 9 Results ¥ 4
Static Structural Topology Optimization-Extrusion-X Direction

- c
| T
2 0 Engineering Data ¥ 4
3 &l Geometry v 4
4 @ Model '
5 @ setwp v 4
] Solution v 4
7 @ Results v 4

Topology Optimization-Extrusion-¥ Direction

- D

| T

2 @ Engineering Data v .

3 £l ceometry v . b
4 @@ Model v 4

5 @ setup o

6 g solution v .

7 9 Results v 4

Topology Optimization-Extrusion-Z Direcion = ¥

T (numesys
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sl Structural 1 — O ®
Fixed Force Force Fixed
Load Case Support | Magnitude (N) Force X (M) | Force Y (M) Force Z (M) Magnitude (N) Force X (M) | Force Y (N) | Force Z (N) Eronm
» On 41231 0.00 -100.00 400.00 412.31 -1L11E-13 100.00 400.00 Off
Load Case 2 On 200.00 0.00 -48.51 134.03 500.00 -1L11E-13 300.00 400.00 Off
On 200.00 0.00 -48.51 134.03 300.00 -1L11E-13 300.00 0.00 On

Coklu Yukleme Senaryosu L= - = .

* Farkli yikleme senaryolarini farkli agirlik carpanlari
ile degerlendirebilirsiniz.

* Her bir farkli ylikleme senaryosu farkli sinir kosullari
ve farkli fiziksel girdiler ile tasarlanabilir.

Both load cases
(single combined result)

Bisiklet pedalinin ¢oklu yiikleme ile

optimizasyonu Load Case 2

(only)




Coklu Baski
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Generative Design Ornekleri

Optimizasyon Girdisi:

- Isi transferinin maksimize
edilmesi

- Kitlenin minimize
edilmesi




2030°da her
evde bir yazic

* Ulasilabilirlik

* Acik kaynak

* Malzeme temini

* Herkes tasarimci olabilir

 Siparis bekleme suresi bitecek







3D Printed
Houses
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Fiber Optics

EMBEDDED SENSING & MACHINE LEARN

Copper Wire
EMBEDDED CIRCUITS Nichrome Wire

EMBEDDED HEATING




/
Orijinal Part: 2.300 €

Printed Cost: 50€

Epoxy Shrink: 5 €

Working for three b\
years

/
i “ n“h“‘

T

TRTT,




MIM & 3D Yazici: Hammaddeden Parcaya

!

16 - 20% shrinkage




Original design

Hidrolik Yag Manifoldu
Vaka Analizi

r/ S.M.I.L.E-FEMon- CHDFEm

* Akis yollari Discovery Live CFD ¢ozicUsU ile
optimize edilmistir.

* Hesaplama Ekran kartlari ile 1 saatin
altinda geometri olusturma suresi

* Cok karmasik ve fazla girdili problem Ansys
glcu ile ¢cozllebilmistir.
* Yeni parcada elde edilen degerler:
* 76% kutle azaltimi
e 28% Uzunluktan kazang

* 55% basin¢ kaybindan kazang (CFX ile
dogrulanmistir.)

* Orijinal parca ile benzer rijitlik

Final part generated w/
topology optimization
(additively manufactured)

44






=

STL veri SpaceClaim ile otomatik
olarak CAD geometrisine
doéndistdrdlir. Bu sayede tasarim
lizerinde degisiklik yapmak ve
CAM postu almak kolaylasir.







Lattice (Kiris) Optimizasyonu

 Eklemeli imalat igcin Optimizasyon

* Lattice yapi olusturma

— Tekdize veya rastsal Lattice yapi
— Gerilme bazli lattice yapi olusturma

>tress” vonmises_el [kg/(m-s?)]
2.213e+09
1.687e+09
1.161e+09
6.354e+08
1.095e+08




Lattice Optimization

Lattice yogunlugu tabanli optimizasyon
Homojenizasyon bazli yakinsama

Hlcre sablonu kitliphanesi

Tasarim dogrulama (birim hiicre)

Detayl Lattice olusturma (CAD)

- .
. Q<L




Lattice — Gyroid — Honeycomb pattern simulation



Level-set
Topology Optimization

(a) An LSF ¢.

T

{(b) An altered LSE ¢,

{c) The material domain {2 corre-

sponding to Fig. 5a with big features.

r

(d) The altered material domain £2
corresponding to Fig. 5b with a small
fearure.




SIMP VS. Level Set Methods

0.100(m)

numesys



Topoloji ciktisinin otomatik validasyonu

[ Project™
B Model (C4, D4)
B, Geometry
b @ 5Y5-2\Solid

by @ SYS-2\S0lid1

oy @ SY5-2\S0ld1
(8 Materials
i Coordinate Systems
&) Connections
@ Mesh
[ Static Structural (C5)

b JH Analysis Settings
@, Fixed Support

Solution (C6)
() Solution Information
tr /80 Total Deformation

~/[Z Topology Optimization (DS)
Hi Analysis Settings
I, Optimization Region
. Objective

1) Response Constraint
Commands (TOPO) (Beta)
Solution (D)
{5} Solution Information
£+ Topology Density
B Smoothing

T8 Geometry
AT Materials
i Coordinate Systems
w7 Connections
&8 Mesh
«h Patch Independent
H @ Body Sizing
Bl Static Structural (E4)
,,Hﬂ Analysis Settings
-+, Fixed Support
@ Displacement
1% Solution (ES)
Solution Information
%8 Total Deformation

T(numesys

NUMERICAL SYSTEMS

Project*
@ Model (4, D4)
-/ @ Geometry
«@ 5Y5-2\Solid
X @ SY5-2\Solid1
X @ SY5-2\Solid1
8 Materials
/3K Coordinate Systems

23999
s
%
i
§

/[ Static Structural (C5)
+H] Analysis Settings
»@, Fixed Support
@ Displacement
=& Solution (C6)
(5} Solution Information
/@B Total Deformation
/[Z] Topology Optimization (D5)
I Analysis Settings
/B Optimization Region
< Objective
/23, Response Constraint
[, Commands (TOPO) (Beta)
=& Solution (D6)

-/ Topology Density
% Smoothing

Details of "Smoothing”

=) Definition

| Move Limit



Tepki kuvveti bagimli eniyileme

e Tepki kuvveti bagimli eniyileme, baglanti noktalarinizdaki cidarlarin optimizasyonu icin daha
elverisli bir yontemdir.

Minimize volume
st reaction force constraint

minVol (Q)
The reaction force is 0
computed over _ :J- .
The FACE A st:RF (Q)=|4,ds > 22kN
(ie prescribed disp) A




Reaction-Force Criterion

min compliance st volume (20%)
(the clamped parts (B) are not crucial so they
have been disconnected)

(a) min compliance st vol and RF
min compliance (Q)

FACE A vol () <20%, RF, <5kN

(this constraint aims to limit the force that
goes through the face A)

(b) min compliance st vol and RF
min compliance (Q)
vol () <20%, RF, >5kN

(by contrast, this constraint aims to have a
minimal force that goes through the faces B)

FACEs B




Kullanici tanimli kritere goére eniyileme

e Tanimlanan kritere gére (orn: X ydnundeki sehim’in belirli bir deger araliginda kalmasi gibi)
eleman yogunlugunun gérinttlenmesi

Details of "Primar_',f Criterion" =-mm s - J;I. O X
[=]| Definition
E| ..... v E static Structural [AE} Base Result Displacement
....... v E Analysis Settings Suppressed Mo
- 9 Fixed Support 5| Results
....... y E‘_ Force . Sco\.:]:: 1.4784e-004 m
B, v @ Solution !:Aﬁ} i Scoping Method | Mamed Selection
"""" v E Solution Information MNamed Selection | Upper Points
------- &8 Total Deformation =1/ Load Step Selection
------- &0 Directional Deformation Step 1
------- . Q Deformation Probe 1| Vector Reduction
"""" i @ Primary Criterion Coordinate System | Modal Coordinate System
------- . E‘; Primary Criterion 2 Wector Reduction | X
------- > |ﬁ Compasite Criterion =I| Spatial Reduction
Spatial Reduction | Average s o
Method Discrete
WWOERG R BEE it i D D D e D e = o E Topology Optimization 2 (C5)
Composite Criterion ] Analysis Settings =/ Definition
i B, Optimization Region :
P 'G} Objective Type Re_sp?nse Constraint
‘ i Add | | Delete | ‘ Delete Al | - g '/ Response Constraint Response | Criterion
""f'l--—l' =po - Criterion Compaosite Criterion
il Respanse Canstraint 2 Initial Value | 5.4384e-005 m
Primary Criterion Selection Coefficient -] Solution (C6) Free v
----- L5 Selution Information Upper Bound |0 m
Primary Criterion 1 Ty 8 Topology Density Suppressed | Mo
erimary Criterion 2 L ) ﬂ Displacement Topology Optimization




+ Bi-directional pull out constraint

A .
, \5 Minimum compliance

st volume, max thickness and pull out
constraints

Discovery Live

Minimum compliance st volume

N d

+ Maximum thickness constraint

numesys



Density-Based
Topology Optimization




Civata On Gerilmeli Senaryolar.

e Yogunluk tabanli topoloji optimizasyonu ¢ézimleme algoritmasi, senaryoda civata
ongerilmesi bulunmasi durumunu desteklemektedir.

=L Static Structural (A5)
- 111 Analysis Settings
- 08 Fixed Support

- 08 Displacement

- 08 Force

- ~w Balt Pretension
/& Solution (A6)

-------- 5 solution Information

Details of "Bolt Pretension” ~iOx Details of "Bolt Pretension” * 1 OxX
-|| Scope [ Scope
scoping Method | Geometry Selection Scoping Method | Geometry Selection
Geometry 1 Face Geometry 1 Face
—|| Definition [ Defimtion
IC (Beta) 72
X ID [Beta) 72
Type Bolt Pretension .
Type Bolt Pretension 3.0004rm)
Suppressed Mo —:—:H”50 -
Define By Load Sup.pressed No
Preload 1.e+006 N Define By Lock
- Advanced -|| Advanced

Solve Behavior | Combined Solve Behavior | Combined



Kitle Merkezi bagimliligl (Beta)

e SIMP veya LS algoritmalarinda kdtle merkezi korunmak sureti ile eniyileme yapilabilir.

[=}--,/%| Topology Optimization 2 (F5)
------- / [ Analysis Settings
------- i E-: Optimization Region
------- & Objective
....... "% Response Constraint
------- v E Manufacturing Constraint
....... v i™y] Response Constraint 2
=& Solution (F6)
----- /5] Solution Information
- / & Topology Density

Details of "Response Constraint 2" wioiiiiaow O %
=l| Scope
Scoping Method Optimization Region
Optimization Region Selection | Optimization Region
[=I| Definition
Type Response Constraint
Response Center Of Gravity
Minimum Value 1.25m
Maximum Value Free
Suppressed Mo
[-I| Location and Orientation
Axis X Axis

J(numesys



Atalet momenti bagimhligi(Beta

e SIMP ve LT algoritmalari ile calisabilmektedir.

- ,[=] Topolegy Optimization 2 (ES)
....... » ] Analysis Settings

------- » [-3 Optimization Region

------- » ;E}_| Objective

....... Response Constraint

------- » E Manufacturing Constraint
------- 4] Response Constraint 2
1% Solution (E6)

- L5} Solution Information

b & Topology Density

Details of "Response Constraint 2" s w L O] %
= Scope

Scoping Method Geometry Selection
[=I| Drefinition

Type Response Constraint

Response Moment OF Inertia

Define By Absolute Range

Minimum Value | 1,52-002 kg-m®
Maximum Value | 1, kg-m®

Suppressed Mo

[=| Location and Orientation

Coordinate System | Coordinate System
Axis X Axis

J(numesys



Gelismis Filtre(Beta

e Sinir kosullarr icin daha hizli geometri dolduran ve bosaltma alaninda daha hizli member
(feder) Ureten bir algoritmadir.

v E

Default, linear filter

Details of "Analysis Settings”

o

Non-linear filter

™

[=1| Reload Volume Analysis
A Options Reload Volume Fraction |DFf
- Project Management R &l| Definition
- Appearance |1 Maximum Mumber Of Iterations 500.
Zegi:'?ﬂ'?”td Lﬂ;?”ﬂgeol’ﬁ"m coralle ) Minimum Normalized Density 1,e-003
J;erna"c;a:delr_:gsm" aralel Frocessing Convergence Accuracy 01% Region of AM Overhang Constraint | Exclude Exclusions
- Project Reporting I Limit Number of Cares for Data Mapping and Post-Processing Initial Volume Fraction (Beta) Program Controlled Mon-Linear
- Solution Process Maximum Number of Cores Penalty Factor (Stiffness) 3 [-1| Solver Controls
- Extensions
2 " " - -
.. Mechanical APDL Region of Manufacturing Constraint | Include Exclusions
- Design Bxploration e el e e Region of Min Member Size Exclude Exclusions
E':;;':;:;d Compute Senvices Region of AM Overhang Constraint | Exclude Exclusions
- e ; . -
¥ Topology Optimization - Expose advanced density filter option Filter (Beta) Program Contralled
eshing I Load Case Manager [=]| Solver Controls
- Engineering Data
- Microsoft Office Excel I Allow Body Grouping Contral for meshes from External Model Solver Type Program Controlled
+
TurboSystem ™ Allow Element Scoping for Material Assignment Nonlinear Cantrols
- Geometry Import Output Controls
Analysis Data Management




Node-Based
Shape Optimization
(Beta)



Gereksinimler:
Statik lineer analiz
Mavi yuzeylerde optimizasyon
kosturulur
Optimizasyon kriteri:

Sonuglar:
e Buyuk mesh deformasyonu

* Daha yumusak sekil eldesi
* Gerilmenin daha dogru tayini

T (numesys



I Sinir Geometride Arama Algoritmalari

* Buyodntemde belirli bir Boundary
Box (Sinir kutusu) icinde veya nokta
kiimesinde Optimum geometriyi
olusturma icin Arama algoritmalarini
calistirir.




MODEL 1
Solid bars
Traditional design
Weight:
10.3 kilograms .
Displacement:
0.8 micrometers

MODEL 2

Uniform lattice
Smart design with ALM
Weight:
41kilograms ................
Displacement:
4.2micrometers ..............

'«'4‘ W VS

'_ ' ’4.‘.. QTS

'5 &I0
"‘0

MODEL 3

Evolved lattice
Evolutionary design with ALM
Weight:

2.9 kilograms
Displacement:

6.1 micrometers




Eklemeli Imalat Simiilasyonu
Cozumleri

Ansys



3B besk igin gok koley bir yontam
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Automatic Distortion Compensation - example
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Original Geometry Compensated Geometry



Ansys Eklemeli Imalat Cozimleri

Ei icin Tasarim

— *CAD Modelleme

Kurulum

oSTL iyilestirme ve
geometri
mandipilasyonu

*Topoloji
Optimizasyonu

* Part yerlesimi ve
destek olusturma

eLattice yapl
olusturma

* Oryantasyon
sihirbazi

Proses Simulasyonu

* Metal katmanli
— Uretim
similasyonu

* Carpilma
karsilastirma

* Tabla yapisma
analizi

Malzeme Analizi

oKiir malzeme
ozellikleri

eTanecik morfolojisi
tahmini

— e izlenebilirlik

eEriyik malzeme ve
porozite tahmini

VEIRCTEINERYE
yonetme

e Sensor verisi
toplama

Parca Yeterliligi

e Tasarim
Dogrulama

¢ Yapisal ve Termal
analiz

e Organizasyonda Ei
verinin

— birlestirilmesi,

paylasilmasi ve
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