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Our Purpose

(44

Dassault Systémes provides business & people
with 3SDEXPERIENCE universes to imagine
sustainable innovations capable of

harmonizing product, nature and life.
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Optimized weight of 1204g
1168g with Al fasteners
Savings of ~200g

Un-optimized weight of
1402¢g

Bracket weight ~400g
~40 hours of modeling time
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EXAMPLES OF APPLICATIONS

Aerospace & Defense: <&
* Environmental Control Systems (ECS):
- HVAC duct optimization

* Jet Propulsion:

- Turbine active clearance control,
convective cooling of turbine blades \

~

» Rocket Propulsion:

- Cooling channels around rocket nozzle
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AS IS WORKFLOW

A & &

. Create CFD setup with
Create Design Space geometry 319 party CED solver

Create Tosca Fluid setup Optimize flow field

Computing flow field with
with Tosca Fluid I 3" party CFD solver

2 i Import
25 CATIA geometry

Import 2
CFD model p3 simuLin

p;_'g SIMULIA Optimiz'ation
foses Tosca Iterations
Import 2 Import .
: 4 'S siMmuULIA
geometry 25 CATIA STl file P
5 Days

Validate new design
with 3" party CFD solver

Tosca

2
25 simuLIAa
Tosca

Manually build manufactureable

Smooth channel design with
geometry around optimized fluid shape

Extract elements from sedimented
Tosca Fluid Smooth

flowfield in Tosca Fluid Post

tion to ar
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A FULLY INTEGRATED WORKFLOW
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Design space geometry creation Define setup for CFD & flow Flow field computation & Extract elements from
& seamless preparation for CFD optimization within one application optimization within one application sedimented flowfield

4 .
10x faster turn-around-time !
* No data translatlo_n:_; 0,5 Days
° No SOftWB re transitions Validate new design Automatic exact
e« o . . within same application solid generation
« Minimal user interactions
« Automatic solid generation

« Intuitive user experience
\_ J

\_ J

. Fully integrated within e passauLt
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Lattice Design
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Lattice Design A EICE:
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S 4 VAVAVAVA
7 RS
Mesh Type 1D v Val
Lattice Lattice Strut1 &

Element order D o

Elements per bar | 1

| 3

Threshold Omm

4

Y b
|=H®] Nodes and Elements

m& Tetrahedron Mesh.1
*/ Lattice Beam Mesh.1
*/ Lattice Beam Mesh.2
—/ Lattice Beam Mesh.3

5 Properties

*a Solid Section.1
—l Bearn Section.1
*l Beamn Section.2
—l Bearn Section.3

=7 Behaviors

—I Beamn Profile.1
*I Beam Profile.2
*i Beam Profile.3

=3 Groups
[

&3 Geometric Group.1

r

A
ML 4 Lattice Contact Group.1

[
*._@e, Georrnetric Group.2

ra
(L 4 Lattice Contact Group.2
*:&3 Geometric Group.2

r
—_ o Lattice Contact Greup.3

%?’E M aterials

Engineering Connections

Ij»% Free1

= Simulation properties.1

%y Tied
%y Tie.2
% Tie3
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3y Results for Parametric Design Improvement Study. 1

[l Lattice Area.2 X [<3 @
“ = © Completed: 12/12 Active: 12 Selected: 1/1 Favorites: 5
-

X Actual values FP_Displacement. 1_Result Of Analysis Case.1_s1_Ic0_Camera_1.jpg =
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2 {x)
Radius | 0.15mm 4 =
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Type o] Cavity Whole shape [ Lattice Area Sef\Lattice Area.2\Cell\CellLength
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. " eng & &
Area | Multiple Extract.2 ®: Dictionary Members of Parameters  Members of All MGQTONL DISORCAV At i i2hs 4000 4823 4522
e 5  |[Geometryc m Design Variables
Advanced Mathematics F| | Renamed parameters ‘Geometry ¢ o
Auto complete close Part Measures Length “Geometry ¢ Covas 2 0 d 0
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Manage depowd ering holes Circle Constructors ~ || CstAttr_Mode “Geometry ¢ v it
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— Regions
Name Region.1
Type Part with Lattices ¥
Tolerance Part
Designed Support
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Lattice part.1 - Lattice Body
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Powder Bed Fusion Processes : Selective Laser Melting, Direct Processes : Selective Laser Sintering, Selective

B (Thermal energy selectively fuses regions ||Metal Laser Sintering, Electron Beam Melting | Laser Printing, ...
of a powder bed ) Machines : AddUp, EOS, Renishaw, SLM... Machines : EOS, 3D Systems, Renishaw...
Blr.lde.l' Jettl_ng . . . . | Processes : Binder Jetting Processes : 3D Printing
(A liquid bond!ng agent is deposited to join Machines : ExOne, Desktop Metal, HP... Machines : Voxel Jet...
powder materials)

_ i iti Processes : Laser Engineered Net Shape, Laser

= Directed Energy Deposition d h

!_ (Focused thermal energy fuses materials | |Deposition, ...
as they are deposited) Machines : BeAM, Trumpf, DMG, Optomec...

——= =3 Material Jetting Processes: PhotoPolymerization Jetting Multi
(Droplets of Build Materials are selectively Jet Modeling, Multi-Jet Fusion
deposited) Machines : Stratasys, 3D Systems, HP...
Photo Polgmerization Processes : StereoLithography, Digital Light
(Liquid photopolymer is selectively cured PrOCE_Ssing »
bg Iight-activated polgmerization) Machines : 3D Systems, Envisiontec...
Matenal Ex_tru5|0n_ Processes : Fused Deposition Modeling
(Melted Materials are dispensed through a Machines : Stratasys, Markforged...
nozzle}
Sheet Lamination Processes : Laminated Object
(Sheets of material are bonded to form an | Modeling, Ultrasonic Consolidation
object) Machines : MCOR, Fabrisonic...

Available within 3DEXPERIENCE p7SDnssnu1_T
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Predicting the Properties of Additively Manufactured Parts, London et
al., TWI, Science in the Age of Experience, Chicago, May 2017
Influence of Surrounding Powder Bed and Build Platform on Thermal
Cooling Characteristics in 3D Printed Parts via Selective Laser Melting,
Feih et al., SIMTech, Science in the Age of Experience, Chicago, May
2017 (SLM | Selective Laser Melting)

Simulation of Residual Stresses and Distortions in a 17-4 PH Part
Produced by Laser Powder Bed Fusion, Galles et al., ARL, Science in
the Age of Experience, Chicago, May 2017 (SLM | Selective Laser
Melting)

Process Modeling and Validation for Metal Big Area Additive
Manufacturing, Simunovic et al., ORNL, NAFEMS World Congress,
Stockholm, June 2017 (LDED | Laser Direct Energy Deposition)

Finite Element Simulation of the Fused Deposition Modelling (FDM)
Process, Courter et al., Stratasys, NAFEMS World Congress,
Stockholm, June 2017

Simulation of Polymeric Composites Additive Manufacturing using
Abaqus, Favoloro et al., Purdue, Science in the Age of Experience,
Chicago, May 2017 ( EDAM | Extrusion Deposition Additive
Manufacturing)

Finite Element Simulation of the Multi Jet Fusion (MJF ™) Process
using Abaqus, Fradl et al., HP, Science in the Age of Experience,
Chicago, May 2017

o,

*

X3

*

pilis
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FRRNL ]
ML
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*

X3

*

X3

*

X3

*

X3
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Ti-6Al-4V
Aluminum
Steel
Inconel 718
Inconel 625

PEI (ULTEM)
ABS
PA11/12
CFRP
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Validations| Summary
| Materils | AMProcessTyps

Metals: Ti64, Aluminum,
Steel, Inconel 718

Metals: Ti64, Inconel625

Polymers: ULTEM, ABS, carbon
fiber reinforced polyphenylene
sulfide, carbon fiber reinforced
ABS

Polymers: Nylon 11/12

Predicting the Properties of Additively Manufactured Parts , London et al., TWI, Science in the Age of
Experience, Chicago, May 2017 (SLM | Selective Laser Melting)

Influence of Surrounding Powder Bed and Build Platform on Thermal Cooling Characteristics in 3D Printed
Parts via Selective Laser Melting , Feih et al., SIMTech, Science in the Age of Experience, Chicago, May 2017
(SLM | Selective Laser Melting)

Simulation of Residual Stresses and Distortions in a 17-4 PH Part Produced by Laser Powder Bed Fusion,
Galles et al., ARL, Science in the Age of Experience, Chicago, May 2017 (SLM | Selective Laser Melting)

Process Modeling and Validation for Metal Big Area Additive Manufacturing, Simunovic et al., ORNL, NAFEMS
World Congress, Stockholm, June 2017 (LDED | Laser Direct Energy Deposition)

Finite Element Simulation of the Fused Deposition Modelling (FDM) Process, Courter et al., Stratasys,
NAFEMS World Congress, Stockholm, June 2017

Simulation of Polymeric Composites Additive Manufacturing using Abaqus, Favoloro et al., Purdue, Science in
the Age of Experience, Chicago, May 2017 ( EDAM | Extrusion Deposition Additive)

ORNL (BAAM | Big Area Additive Manufacturing)

Finite Element Simulation of the Multi Jet Fusion (MJF™) Process using Abaqus, Fradl et al., HP, Science in
the Age of Experience, Chicago, May 2017
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Direct Energy Deposition| Ti-6Al-4V

Dashed: Measured

Solid: Simulated

*%

Dashed: Measured

Solid: Simulated

Mechanical Deflections: Abaqus Static Analysis correlation with experiments**

** Denlinger, E. R., Heigel, J. C., Michaleris, P., & Palmer, T. A. (2015). Journal of
Materials Processing Technology, 215, 123-131.



Validations| LDED Laser Direct Energy Deposition

o 4

.

Temperatures: experiment in red + simulation in blue

g sof [ Y
;‘ | [ o0m) =
2 s o
B T e PR T ¢ D'—7‘”—‘2“—‘3“—‘“__l‘ﬂ—Ej ¢ :\.7-7 Tﬁ?m ]
e S Pyrorrﬁeters Thermocouples
Temperatures: experiment in red + simulation in green 2 a . F wwm | =
500, TEST_P3 500, TEST T3, 1 s00.) TEST_TF1
-_—— . E-wn Em w00} i K \ = ‘
— 1 & f ' o | ' -
e - N - f ? Excavator Arm
Distortions: experiment in red + simulation in green NI S ‘\. "k f\[ ;&
. . . . ). 10. %?ﬁe 30. 40 [xd o. 10. 121?“‘ 30. 40 [x1.E! [} 10 12'5'- 30. 40 [x1E3]
Calibration (thermo-couple sensor data) and Validation

Distortions: experiment in red + simulation in blue

E 7.0

Eso — TEST

o 5.0 — SIMULATION

g 4.0

o 30

& 20

Qo

w

A oo
-400. -300. -200. -100. 0.

100. 200,  300. -
Y distance along path (mm)
Temperature and distortion prediction

“Process Modeling and Validation for Metal Big Area Additive Manufacturing”, Simunovic et al, ORNL, NAFEMS World Congress, Stockholm, June 2017”
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Simulation Validations | TWI

Column Printing Model Cruciform Model

Metallurgical Phase Prediction Microstructure Morphology Prediction Mechanical Property Prediction
¢ HT analysis e Stress-Strain curves
* Phase transformations ¢ Yielding, UTS, etc.

Heat
treatment

k

“Validation of a Generic Metallurgical Phase Transformation Framework Applied to Additive Manufacturing Processes” T. London et al., Science
in the Age of Experience, Boston, June 2018
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Simulation Validations | SIMTech

Utilizing the Abaqus AM module for LDED and SLM process evaluation

Direct Energy Deposition of thin wall Goldak model Thermal SLM model with powder bed Event series definition

Top wall 0.4mm Heat flux input and element
10mm Film coefficient activation for top layer
Wall bottom 0.7mm f§ 6 SN — Overhang (top surface to air) Roller
o event
Solid block
— S — 4D 7
Substrate - —
N - Inconel 718
thickness 7mm

Laser Lower Deposit
Exposure Platform  Powder

Laser path programming

Comparison of residual stresses Stress contour in Y-direction

between simulation and XRD with intra-layer variation T Bredesiel BE ontiofiam Zed’ifg;ige:r'f;t —

55 platform (80°C) surrounding platform.
©XRD -~ Simulation -

distortion
i | Cantilever Support
ol | o? .
Tt ! with  a structure
 BURS °:°.JL°"' pe ! - - Solid ' ' Wire-cutplane l Ll o
atiesldee) ;| - y pC block support unit cell

[

°

Stress (MPa)
o

g

Support thickness Max. displ.
(mm) prediction (mm)

A
8

g

Position from top (mm) 0.4 4.5

Support thickness controls distortion 0.7 32
16 23

“Advances in AM Process Simulation: Residual Stress Predictions for Laser Direct Energy Deposited Thin Components and Overhanging
Structures Manufactured via Selective Laser Melting” S. Feih et al., Science in the Age of Experience, Boston, June 2018
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LAME

Print the wrong part to get it right based on simulation results or 3D scan: [@

Displacement Vectors coming from Simulation or from a Scan

@

Vectors Field Positioning

Virtual to Real Shape
Worphing

|

©;

~

J

Global Morphing

A
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