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A Constant Inputs T e A OptimizedCriteria

- Material properties e R - Build rate

- Average powder size distribution A Process Parameters Sets

diameter
- Heat source diameter

Table displacement

A Ranged Inputs T |
- Laser power s A V v
- Laser speed r W

- Hatchspacing

- Tabledisplacement

29
Cases

&

Check Optimised Value

Density 0.7 Case ID: 5
Laser Power: 400 W Hatch Spacng: 200 pm
ScanSpeed: 0.25m/s  Table displacement: 415346 pm

Deposition rate 03

[x=-0877737

¥ = -0.0262467

CJi
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Laser power

Laser speed

Hatch spacing
Table displacement
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PRESCAN module

A Prescan

A Interface Visual AM 14.5 (for pre / post / model setup)
A Model Setup CoreAM Core 2019.0

A Optimizer. Multi-Objectives Genetic Optimization Algorithr ==

PamOp12018.1

A Material Database IN718, Ti6Al4V, AlSi10Mg, 316L-58H

A Results AnalysisExtraction of a Pareto Frontier. CSV file f
advanced analysis using Excel

CJi

get it right®

b

File Database | Unit Domain

Al v

Name |Asitomg
Owner Name I
v Mo dEean T
b
] 5
0 2| g et
Public | User | Model
- Property Type Value: Value Urit F(T) Unit
&=l Liqud Specfic Heat Const. 93 Tk K -
& ‘g ﬁ Powder et Liquid Themal Conductiviy | Canst. [3 Wik v
M5 X ‘WB' Solid Specfic Heat Const %63 JikgK ~
[¥3Po/A [*3 B | Fle Exglorer | @ 65 Solid Themal Conductiviy | Const 13 WinK v
g= & IN718
B Explorer E-' ::l' e @ (= & INT18PL
Docume: t3vdb 2 @ Stainless_Steel DIN-12367
- TIABV4
E-i@ Document3 : 1‘55 PH
{=- Project Settings @ Stainless_Steel316
=4 achine | @ Staiiess_Stzel16L
HER LEX ISLELES BARE
0 Plot 1
B Machine @
2
]
E General I
! Material TIAEV4 v
Laser Machine Hame my_machine
E Pawer
e Hin (W) 100
: 5 o 2 4 5
we Max (W) 200 ﬂ M X-Axis
El Scan Speed
! Min (m/s) 05 A [x = -105541 ¥ = 111556
Reset Save Close
Max (mis) 15 2
EF Hatch Spacing
- n ) se0s Material DB
<o Max (m) 0.00015
E} Table Displacement View Plot = E
Min (m) 3e-05
Be-05 Plot Type: | Optimization b X-Axis: | Cases v Y-Axis: |ALL v
El Heat Source Diameter SEE aEX @SR EE G
- Heat Sourcs Diameter (m) | 0.0001 M Optimization study: All
L Funct
B+ Powder Definition Power
(D50) Avg. Diameter of P.. | 25e-05 ErwENED Laser Speed
® |Fover Hateh Spating
L) |lem=sst Density Coef
4 Hatch Spacing Deposition rate
4 Table displacement
4 Density Coeff
r Deposition rate:
Prescan Result
Reset L ok Cancel
f
Chedk Optimised Value
Density

ResultsAnalysis

Deposition rate
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WWW.esi-group.com




ESIAM 2019.0: ] 5L d3tsy ©
DISTORTION module

A Distortion (macro scale modeling

zsmisd ¢ tedd3sd dzad C
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A Geometry E A Manufacturability
A Material Properties i=a e
_ . = Criterion
- Elastoplastic behavior law
- Solidus Temperature — A Distortion and Residual
- Thermal Expansion Coefficient :E“‘:Ef;i" i Stresses Distributions
A Process Parameters — =
- Table Displacement o A Compensated
- Powder Preheating temperature Geometry
A Modeling Parameters

Mesh fineness and strategy
Supports strategy

CJi
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DISTORTION module

A Model Setup

- Automated geometry meshing

- Automated slicing geometry

- Automated supports localization based on inclination angle or existing supports geometry
- Partial automated model setup: few modeling parameters to be set by the user

A Modeling Stages

- Building process: the part is built by a layer by layer activation approach
- Release stage: the baseplate is unclamped from the machine

- Heat treatment stage: streszlief by applying a thermal cycle

- Removal stage: the workpiece is removed from the baseplate

A Functionalities

- Material Database with edition options
- Restart Option

- Multi-Cores (DMP) computation

get it right“" WWW.esi-group.com
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Z displ.
[mm]

(a) Without Heat Treatment

E g; (b) With Heat Treatment
A Results Analysis [ m
1. . h t h t 7e o "o ;eomt o L
2 .o0oho® ™ e Y om¢t ™ to e . e ™ c h 'y e (2) Weat Treaémen&S@geMﬂﬂelmc
3 se ™ T o a0’ eomt (ﬁrom@quwaﬂent plastic atraih ﬁeld) Effec‘ets on final removal stage  (3) Cracks Analysis
4 Compensated geometry (from Terminal mode, not Visual AM)

Uisyay max

Uoa = —“U(S)(z)
Slmulatmn
ESI Group for

- Initial Geometry (1) Simulated Built Part (S) V, Compensated Geometry (C) AMAZE Project

Déplacemen t Z (um) 1061 1062

(1) ManufacturabilityCriterion (4-5) Results Mapping and Compensation
erl (2) BuildingStage Modeling: Displacement Magnitut
get it right® WWW.esi-group.com
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DISTORTION module

A Distortion (macro scale modeling
A Interface: Visual AM 14.5 (for pre / post / model setup)
A Model Setup CoreAM Core 2019.0

A Mesher. Hexahedral automatechesher Viscart2018.5
(from CFPACE+ Suite)

A Solver Finite Element Solver: Sysweld 2018.0

A Material Database IN718, Ti6AI4V, AlSi10Mg, 316L-5PH

A Results AnalysisSee previous slides.

CJi
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WAAM

Wire Arc Additive
Manufacturing

LENS

Laser Engineering
Net Shape

DMLS / SLM

Direct Metal Laser Sintering
Selective Laser Melting
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Erasteel https://youtu.be/GjbkxVku39Y M. Barnett https://youtu.be/f6GbOUWbzL8 Tecnalishttps://youtu.be/N2hYFkf4SCO
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e ' ‘ Additive Manufacturing @

m Verify
m Optimize

(1) A Solution for Production

Analyze the thermal impact of your scanning strategy (coming soon)

1.288E-004 s

Understandhow process parameters and
geometrical features might affect your
manufacturability

A Describe théneat conduction during the
building proces$eading to higher distortion in
you geometry Mono Layer Thermahnalysis

A Predictbottle-neck issueteading to high
temperature increases

A Analysehe melted area

A Anticipate the position of your supports for
Improving the heat conduction towards the

machine
e l Macro ThermaRnalysis
get it I‘ighl""" WWW.esi-group.com
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Thermal

Thermal Module Functionality Analysis | e

releasein
EDec—2019) (PR

Mono Layer
Thermal

INPUT DATA Process ParametetsScanning StrategyMaterial Properties Multi Layer Scanning Modeling X
TECHNOLOG New Solver Complete ParModeling Domain X
_ _ Fracture Criterion baseoh cooling rate X
PHYSICE Thermal Conductive Equation
Coupled to Distortion Modeling X
RESULTS Interface to Machine Control Files X X

e &

Temperature at t

_ Maximal Temp. at t '\9

Meltpool (red) att Q’ ]
&~ A Modules available through:

L - Q% " "X Visual AM 15.5 (offcia
commercial solution) for

S

Maximal Temp. measured at t

_ Cumulative Melted State Macro Thermal Analys|s

Cumulative Melted State at t att

A Prototype for Mono Layer
Thermal Analysis

e\fi Results extracted from the thermal model
WWW.esi-group.com 19
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(a) Top Surface View (b) Transversal Cut Section View
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Material Quality: Increase Design Confidence
GJT and Regulatory Acceptance

get it right®

MATERIAL QUALITY

As a material quality tool, in engineering

offices,

MANAGE MATERIAL PROPERTIES
Qualify powder size distribution
Optimize the process to the expected
performance

A Identify defect size and location
Design material

My expectationg

A

Simulation modules
Spreading, Melting



Amande T Powder Bed Process
Powderspreading Variants on table displacement

“ get it right®

Table disp. = 56m

Diameter - m

6E-05
5.5E-05
5E-05
4.5E-05
4E05
3.5E-05
3E-05
2.5E05
2E05
1.5E-05
1E-05

7E-06

Diameter - m
6E-05

5.5E-05
5E-05
4,5E-05
4E-05
3.5E-05
3E-05
2.5E-05
2E-05
1.5E-05
1E-05

7E-06

Table disp. = 108m

Diameter - m
6E-05

5.5E-05
5E-05
4,5E-05
4E-05
3.5E-05
3E-05
2.5E-05
2E-05
1.5E-05
1E-05

7E-06

Diameter - m

6E-05
5.5E-05
5E-05
4.5E-05
4E05
3.5E-05
3E-05
2.5E05
2E05
1.5E-05
1E-05

7E-06

CORAC & aedBue

Tabledisp= 200>m

Diameter - m
6E-05

5.5E-05
SE-05
4.5E-05
4E-05
3.5E-05
3E-05
2.5E05
2E-05
1.5E-05
1E-05
7E-06

Diameter - m
6E-05

5.5E-05
5E-05
4.5E-05
4E-05
3.5E-05
3E-05
2.5E-05
2E-05
1.5E-05
1E-05
7E-06
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Dlronautique. ZODIAC
Reche che AEROSPACE

C®RAC

Amande T Powder Bed Process
Powderspreading Variants on table displacement Side view

Table disp. = 58m

Diameter - m
6E-05
5.5E-05
S5E-05
4.5E-05
4E-05

" Tabledisp= 2005m. . . - - - | e

3E-05
2.5E-05
2E-05
1.5E-05
1E-05

7E-06
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Aéronautique ZODIAC
Recherche AEROSPACE I

C®RAC;

Melting : Meltpool size
Width / Depth
Comparison between experiment angkeltpoolsize simulation

500
450
Absorption
400 coefficient = 0.45
calibrated
350
__300
£
=2
< 250
T
2 M Experiment
200
® Quick Melting
150
100
50
0
o S Q. o O O
Q Q P PSP P O
Cb S GRS & W@ @ G % 3
0\\/00\'\"\ \Q\Q\Q\Q\Q\'\’ '\10'\"1
K f,§>°\ KSR QQ\ Qo\ '\, S M MRS %0\ %Q\ S o\ QQ\

get it right®

efl Power (W) / Velocity (mm/s)
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Melting : Full melting process simulation

Simulation

Experimental cases simulated with the full melting model :
Metal ¢ gas interface

Laser parameters Quick Melting
Power (W)  [Velocity (mm/s)width (mm) [length (mm) p n Q(W: 150\/\£ Laser Speed = 1000 mm/s
100 Micron
250 140( 0.2014 0.3761
350 800 0.3084 0.5381
350 100d 0.282 0.5261
350 160d 0.23149 0.5062
400 60Q 0.3734 0.6234
50 Micron
150 100d 0.168 0.248f1
200 200 0.3364 0.3931
250 600 0.279 0.4131
300 804 0.2809 0.4676
400 400 0.4355 0.6531
400 120( 0.2823 0.5834

0.000010 s

get it I‘ighl""" WWW.esi-group.com




Aéronautique ZODIAC
Raliiehe AEROSPACE I

C®RAC

Melting : Full melting process simulation
Understandingoot cause oflefects

p n «Py=150W Laser Speed = 1000 mm/s

Metal / gas interface Gas bubbles L o

Bottomview

CJi

get it right®
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AS :
eronautique ZODIAC Z

Environnement

Recherche AEROSPACE

Melting : Full melting process simulation

Surface finish Bottomview
pn Py=200W V=200 mm/s

get it right®
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Melting : Full melting process simulation

Scarstrategied Laser powestrategiesk X Spatters

Hatch

Spreadingof layer #2| ™% \ o e - SRRt A,

R
Voo

000 o o
LS enresed |

00000£400's

Scan

Melting of layer #2

o o
e
S e

aRTegetans

K
SN
RIS XS
SN

1
e
TS y

Melting of layer #3

1000

3.799E-05

1E-05

-SE-UY
-4E-05
-3E-05
2E-05
3E-05
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From R&D to Product, ESI AM has been developed from
mann iydudirin daurssts reedadckspart ner so6 f ee

SECTOR & APPLICATIONS wghb twhwWwo/ ¢{ 29Qw9

Aeronautics, Space France

A Aircraft/Rocket frames structures and parts A SOFIA, AMANDE, PALOMA

A Propulsion, HT/HP engines parts

A Repair and reconditioning Europe

A HF antennas A INTEGRADDE, OPEN HYBRID, EMU
ENCOMPASS

Energy (Oil & Gas, Nuclear)

A Pump and turbines blades US

A Power exchange and generation HT/HP (fuel cel) A DARPA, HONEYWELL
A Repair and reconditioning

A

utomotive, Rail, Naval

é Propulsion, Engines HT/HP t!weébow{ 29Qw9d 2hwy
Molds and tooling
A Repair and reconditioning AT DU @ Ssarran  LIEBHERR SIEMENS
Medical AER%)OSEA?:%. VOLUM'e @
A Prosthetics Crusia & o e a"a"eeroup
Adclp  IOENISHA Honeywell I
W MICHELIN smyrsirs % IT':tlzilendologles
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