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CV/i

Kakne npoueccbl MOXXHO mogenupoBaTth B ESI AM?
get it right®

CerneKkTuBHOE riasepHoe crisfiaBreHune

ADDITIVE MANUFACTURING TECHNOLOGIES

Cured w ot 1 with Cured wit Mitlod 1 d witt Fusedwih o9 wi Fused wit
CDLP DMLS / SLM
Stereolithography Digltal Light ontinuous Digita!
Processing ..‘muw“ ing

LENS

C -~ C]€S =k

5 Solid = i
stratasys LS NIET ascape P eu5 7 oproMEc  {(IAKRV
Ultimaker =" Yrxeliot PL= PLY-
(MmakerBot. 2

SLV
RENISHAW

zortrax

‘ ExOne
PRI,

ONCEPTLAS
pPrintrbot

Additive Manufacturing  @\{¢ Ben ° C

Powder Bed

Laser WISEIS



[MpoLecc BbipallmMBaHUA U3OENUSA MO TEXHONOMMMN CEeNEKTUBHOIO

ef' JTa3epHOoro crraBJieHUs

get it right®

ps://youtu.be/GjbkxVku39Y




KntoyeBble HanpaBneHus
AOONTUBHOE NPOU3BOACTBO N3 MeTanna: ceoboga B ansanHe u ceoboga B TEXHOMNOrnm

OXUOAHUA

* HoBaAa reomeTtpuA

* HoBble matepuanbl

* YMeHblUeHue yncna
cbOpOoYHbIX onepauumn

* YMeHblUeHue macchl

* YnpoueHune TexHoNormm
Npou3BOACTBa

PEAJ/IbHOCTb

KntoueBoun Bonpoc:
KaK 3To caenatb
peHTabenbHbim?

WWWw.esi-group.com

get it right®




AE,,EI,I/ITI/I BHOE Mpon3soacrtBoO U3 METAJlJla W3penve B npouecce BbIPaLLMBaHMA NOABEPHKEHO

KOpO6fI€HMFIM n3-3a BJINAHUA B T.M. TepMM‘-IECKOIz

Saﬂ'aq M n pouecca / TeXH onorwq HOCTb yCaaKHu. ana n3bexaHua aToro MCNOJIb3YHOTCA
pas3nnyHblie OPUEHTUPOBKU OETA/IN HA NOA/I0KKE
* TexHonorn4yHocTb . KopobneHus u 1 NoAACPHHM

konebaHns ypOoBHS HaNPs>XeHU B npouecce
BblpallMBaHUS

* [loooepxku

» KopobneHusa nognoxkm _
« OpwueHTtauus / z-aHn3oTponus S
« OcraHoBka Banuku / HeypaBwumnmnca npouecc ¥ )] A

* TeXxHONMOrM4HOCThb OKOHYaTesIbHOM
reomeTpumn: KopobrneHust n octatodHble
HanpsikeHns B KOHLIe npouecca,
BEPOSATHOCTb 0O6pa3oBaHMA TPELLVH

*3|[1ASINOT 40 ANSIaAIUN JO Asaiinod aSew| “NISAE

CTpyKTypa noagepek
HeoboaMMbl ANA noanep

e\n HaBMCalOLLMX YacTel usnenus
Y YMeHbLUEeHUsA KopobaeHui | .
www.esli-group.com 5

get it right®



AQONTUBHOE NPOU3BOACTBO M3 MeTanna
3apaydn npouecca / KayuectBo matepuana

IEU Leu;)en

 KayecTtBO MmaTtepuana ans
MeXaHNYECKNX XapaKTePUCTUK

° rIOpMCTOCTb Pa3nunynble napameTpbl
npom3BoAacTBa, Takne Kak
® MMKpOCprKTypa TPaeKTopuA ABUXKEHUA Pa3snunyHbie napameTpbl

npousBoACTBA 0ObIYHO
TECTUPYHOT Ha 6o/bLLIOM
KO/INYEeCTBE peasbHbIX
06pasLoB, YTO ABNAETCS
3aTpaTHO B AEHEXHOM MNaaHe

nasepa, MoryT 6bITb MPUYNHOWN
nossaeHnA aedeKkTos

 KauecTBO MaTepuana gns (nopuctocts)
XapaKTepUCTUK NOBEPXHOCTU
(ycTanocTtb, Koppo3us, ...)

PasninyHble NapameTpbl
NPOU3BOACTBA OHOTO U
TOro e maTepuana BAuatoT
Ha MexaHu4eckue
XapaKTepUCTUKN 3TOT0 | 10
martepuna

feomeTpua HEKOTOPbIX
N3nenui He gonyckaet
NJ0XOro KayecTsa

NOBEPXHOCTU
WWWw.esi-group.com -

Renishaw

CJi

get it right®




AQaNTUBHOE NMPOU3BOACTBO
MyrnbsTMacwTabHbIN N MyNETUNINYECKNN NMPOLLECC

"’ iy t"

N

Erasteel - https://youtu.be/GjbkxVku39Y

PasmepHocTtb: 107°M PasmepHoctb : 1075 — 107%m PasmepHocTb : 107*m PasmepHocTb : 1013m PasmepHoctb : 107 1M
dusmnyeckue apneHus: dusmnyeckue aBneHUA: dusmueckue ABNEHUA: dusnyeckue aBaeHUA: dusnueckue aBaeHUA:
- fBNeHuAa pacnnasaeHua u - Mogaya maTepuana - MepeHoc Tenna - PacnpegeneHve - TepMo-mexaHU4ecKuii
3aTBepAeBaHuA - Pacnpegenexue - Oudpakums OCTaTOYHBIX HaMPAKEHU aHanu3
- MeTannypruyeckue u - Mnasnexue - WUcnapenue - KopobneHus - PacueT 0CTaTOUHbIX
¢dazoBble nepexonbl - TMopwucrtoctb HanpsaXKeHUn
- dopma 1 TeueHMe 30HbI - PacueT KopobeHuit
pacniasa - 3aKOHbI YNPyro-BA3KO-

naacTUYeCcKoro noseaeHun
- [lepeHoc Tenna

Mopaenb: Me30 ypoBeHb Mopgenb: MUKpo ypoBeHb Mopaenb: MUKpoO ypoBeHb Mopaenb: Makpo ypoBeHb Mopaenb: Makpo ypoBeHb

CJi

get it I'Ig ht® - T A e e e e WWW.esi-group.com

Copyright © ESI Group, 2019. All rights reserved.




AnanTuBHOE NPOM3BOACTBO M3 MeTanna R/ | Additive Manutacturing (R

3adyeM HeobxoaMMO MOoOENMPOBaHMNE «MaTepuan-npoLecc-rnpoayKT»

Kak uHcmpymeHm npouseodcmea Kak uHcmpymeHm oyeHKU Kayecmea mampuand,
Visual AM 14.5 Lna mexHuyeckux omoesnos

MpoTtoTtun u NpoeKTHaAa paboTa

B lNposepaunTe “Texuonornuxocrs” .
B YnpaBnauTe “Ceoiicteammn matepmana”

> PaspabarbiBaiiTe U ONTUMU3UPYITE U3aene

- > Onpeaensaiite pasmepbl U pacrnonoxeHue aedeKTos
> YMeHbLualiTe CTOUMOCTb PEA, p pbl U p Aed

» Pa3pabaTbiBaiiTe maTtepuan

“Kakasa u3 opueHmauyuti sbipawueaHua ayqwas?”

4 (V3
Kak docmueHyme ny4weli KombuHayuu naomHocmu mamepuana u
“HyxcHo 1u dobasums nooodepiKu?” y y 4 P

cKopocmu npoyecca?”

TR ey e “Kak ymeHbwumes Konuyecmeo oegpekmos”

C/i

get it right®

“MpaBunnbHan nevyartb € NepBoro pasa”



ES litive Mant
TeXHo/10rn |
- AOCTY '
M3geprKeK peanbHora n

HVEB N/

Image courtesy of BMW Group



ESI AM 2019.0: Bo3aMOXXHOCTM NpUMEHEHNS
PRESCAN mogynb

* Prescan (bbicTpada oueHKa NnapameTpoB NPON3BOACTBA)

Mo3BosAE€T NPOU3BECTM OLLEHKY Habopa napameTpoB nponsBoacTBa (laser power, laser speed, lasing strategy, etc.) ana ysennyeHusn
CKOPOCTM BblpalLMBaHMA U34ENMA U NNOTHOCTM MaTepmana, MCNonb3ya BbICTPble aArOPMUTMbl ONTUMMU3ALNMN.

BXO,EI,Hble NnapameTpbl BM3yaf||/13aL|,VIF| Pe3yanaTb|

*  Constant Inputs P e *  Optimized Criteria

- Material properties AEELEX ICRES | BAE ) e - Build rate

- Average powder size distribution *  Process Parameters Sets
diameter : - Laser power

- Heat source diameter E Dﬂzim - Laser speed

* Ranged Inputs ‘ ﬂ[\/\/\ /\A - Hatch spacing

- Laser power /\A_, V v N - Table displacement

- Laser speed r

- Hatch spacing

- Table displacement ; * s - -

[ [x=-0877737 ¥ = -0.0262467
Check Optimised Value
Density 0.7 Case ID; 5
Laser Power: 400 W HatchSpacng: 200 ym
Scan Speed: 0.25m/s Table displacement:  41.5346 pm

get it right®

Deposition rate 03

WWW.esi-group.com




ESI AM 2019.0: Cmpykmypa 10O

PRESCAN module

* Prescan:

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

e Optimizer: Multi-Objectives Genetic Optimization Algorithm,

PamOpt 2018.1

* Material Database: IN718, Ti6Al4V, AlSi10Mg, 316L, 15-5PH

* Results Analysis: Extraction of a Pareto Frontier. CSV file for
advanced analysis using Excel

CJi

get it right®

File Database | Unit Domain

Results Analysis

Al | [ Hame [siioMg
Search Owner Name [
v Mo dEean T
b
] = x
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 | : Ingz5 Solid Themal Conductiviy | Const 13 WinK v
= - IN718
e 3
B Explorer Er .,l [ BE & INT18Plus
Docume: t3vdb 2 @ Stainless_Steel DIN-12367
- TIABV4
E-i@ Document3 : 1‘55 PH
{=- Project Settings @ Stainless_Steel316
=4 achine | @ Staiiess_Stzel16L
HER BDX P EKE BARE
=B & =
0 Plot 1
B Machine @
2
]
E General I
Material TIABVA v
Laser Machine Hame my_machine
E Pawer
R—) 100
e M (W) 200 [X][ = | ’ : * xmas
El Scan Speed
i - v [X=-105541 ¥ = 11155
Min (mis) 05
Max (mis) 15 Reset Save Close A
EF Hatch Spacing
i et Material DB
- Max (m) 0.00015
E} Table Displacement View Plot = E
Min (m) 3e-05
Max (m) Be-05 Plot Type: | Optimization b X-Axis: | Cases v Y-Axis: |ALL v
El Heat Source Diameter SEE aEX @SR EE G
- Heat Source Diameter (m) |0.0001 M Optimization study: All
B+ Powder Definition Power
(D50) Avg. Diameter of P.. | 25e-05 ErwENED Laser Speed
® |Fover Hateh Spating
L) |lem=sst Density Coefr
4 Hatch Spacing Deposition rate
& | Table displacement
4 Density Coeff
r Deposition rate
Prescan Result
Reset L ok Cancel
01
f
Chedk Optimised Value
Density Case ID: 0
Depasition rate Laser Power: 0 Hatch Spacing: 0
SeanSpeed: 0 Table displacement: 0

WWW.esi-group.com




ESI AM 2019.0: Bo3aMOXXHOCTM NpUMEHEHNS
DISTORTION module

* Distortion (macro scale modeling)

NonHopasmepHOe moaennpoBaHMe npoLecca BbipalwMBaHMA NOCPeACTBOM NOC/IONHOM aKTMBauum cnoes. B astom moayne
nponssoanUTCA MmoaeimpoBaHue KOpOGI’IQHMﬁ M OCTAaTOYHDbIX HaI'IpFI)-KeHI/Iﬁ B U34ennn. AHannU3 KpUTepua TeXHO/IOMMYHOCTU n3genma
(OLI,eHKa MaKCMMa/1bHbIX KOpO6J’I€HMﬁ B HanpasaeHNA BblpaIJ.l,I/IBaHI/IFl) A3a€T NOHMMaHNe O BO3MOXHOCTU BblpalinBaHUA U34e1UA
(M36eraHme HGYAa‘-IHOI\/JI I'Ie‘-IaTI/I) Ha OCHOBE 3ad4aHHbIX MO/Ib30BaTe/IEM CTPaATENMUN NOoAAEPHKEK N OPUEHTAUUN N3 OE/TNA.

BxoaHble napameTpbl 3aaHne NPOeKTa M 3anyCK pacyeTa Pe3synbTathl

* Geometry

- S ARG R RAR LARJE 98 NG e sl

s

* Manufacturability
Criterion

T
it J

gl

*  Material Properties

1
f

- Elasto plastic behavior law
Distortion and Residual
Stresses Distributions

- Solidus Temperature —
- Thermal Expansion Coefficient :

*  Process Parameters

Compensated
Geometry

- Table Displacement

- Powder Preheating temperature
*  Modeling Parameters

- Mesh fineness and strategy

- Supports strategy

CJi

get it right® |

WWw.esi-group.com



ESI AM 2019.0: Bo3aMOXXHOCTM NpUMEHEHNS
DISTORTION module

* 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

* 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: stress-relief by applying a thermal cycle

- Removal stage: the workpiece is removed from the baseplate

* Functionalities

- Material Database with edition options
- Restart Option

- Multi-Cores (DMP) computation

get it right“" WWW.esi-group.com




ESI AM 2019.0: Bo3aMOXXHOCTM NpUMEHEHNS

Z displ.
[mm]

- (a) Without Heat Treatment

DISTORTION module I

048
044
4 oa

= o L

= 0:
. om (b) With Heat Treatment

oM

* Results Analysis o m

Kputepuit TEXHONOTMYHOCTH -
KopobneHuna 1 octaTouHble HaNpAXeHUA B npouecce

AHann3 BO3MOXKHOCTU 0bpa3oBaHuA TpelwuH (from equivalent plastic strain field)
Compensated geometry (from Terminal mode, not Visual AM)

Déplacement Z (um) 1061 1062

) Heat Treatment Stage Modeling:
Effects on final removal stage (3) Cracks Analysis

> whnN e

Uisyay max

Uy = —“U(S)(z)
Slmulatmn

ESI Group for
Initial Geometry (1) Simulated Built Part (S) ﬁ Compensated Geometry (C) AMAZE Project
[ B
(1) Manufacturability Criterion (4-5) Results Mapping and Compensation
eﬁ (2) Building Stage Modeling: Displacement Magnitude
get it right® WWW.esi-group.com
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ESI AM 2019.0: Cmpykmypa 10O e
DISTORTION module =

* Distortion (macro scale modeling):

* Interface: Visual AM 14.5 (for pre / post / model setup)

 Model Setup Core: AM Core 2019.0

| |
. Model Setup
* Mesher: Hexahedral automated mesher: Viscart 2018.5 A S—
(from CFD-ACE+ Suite) i E——————————————
 Solver: Finite Element Solver: Sysweld 2018.0
: , : 5
* Material Database: IN718, Ti6Al4V, AlSi10Mg, 316L, 15-5PH :
* Results Analysis: See previous slides. T[]
: i ‘ ‘;F@“ﬁ%ﬁmwmwwwww

e\n Results Analysis
get it right® WWW.esi-group.com

Copyright © ESI Group, 2019. All rights reserved.



YMeHbLlUauTe Lenovyky metoga npobwm
DLLIMOOK ANnAa AOCTUXKEHNA pe3ybial
«lMe4yaTb C NepBON NOMNbITKUY

PaspaboTku B Distortion moayne

<<
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)
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©
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AQOoNTUBHOE NPOU3BOACTBO U3 MeTanna
[1pouecchl

CErogHA4 3ABTPA 3ABTPA

DMLS / SLM LENS

Direct Metal Laser Sintering Laser Engineering
Selective Laser Melting Net Shape

WAAM

Wire Arc Additive
Manufacturing

Erasteel - https://youtu.be/GjbkxVku39Y Tecnlia https://youtu.be/N2hYFkf4SCO
e CenektnsHoe Na3epHoe cnaasseHue I'Ipm\noe HaHeceHue matepuana Bblpal.l.l,MBaHMe 3I'IEKTp0AHOVI

get it right® npoBonokoii (WAAM)

M. Barnett https://youtu.be/f6Gb9UWbzL8

WWWw.esi-group.com




- . e ' ‘ Additive Manufacturing @
(1) A Solution for Production

Analyze the thermal impact of your scanning strategy (coming soon) [l Verify
B Optimize

1.288E-004 s

Understand how process parameters and
geometrical features might affect your
manufacturability

= Describe the heat conduction during the
building process leading to higher distortion in
you geometry Mono Layer Thermal Analysis

" Predict bottle-neck issues leading to high I
temperature increases

= Analyse the melted area

= Anticipate the position of your supports for
improving the heat conduction towards the
machine

Macro Thermal Analysis

WWWw.esi-group.com

CJi

get it right®




eﬁ ‘ Additive Manufacturing @

Thermal Module

INPUT DATA Process Parameters — Scanning Strategy — Material Properties
TECHNOLOGY New Solver
PHYSICS Thermal Conductive Equation
RESULTS

e &

Temperature at t

A ———4

Maximal Temp. att
Meltpool (red) att

Maximal Temp. measured at t

Cumulative Melted State
att

Cumulative Melted State at t
(a) Top Surface View (b) Transversal Cut Section View

Results extracted from the thermal model

CJi

get it right®

\Y]
acro Mono Layer
Thermal
. . . Thermal
Functionality Analysis .
. Analysis
(release in (prototype)
Dec-2019) AL
Multi Layer Scanning Modeling X
Complete Part Modeling Domain X
Fracture Criterion based on cooling rate X
Coupled to Distortion Modeling X
Interface to Machine Control Files X X

N
C* . Modules available through:

<
0 e Visual AM 15.5 (official
commercial solution) for
Macro Thermal Analysis

* Prototype for Mono Layer
Thermal Analysis

WWW.esi-group.com
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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

* |dentify defect size and location

e Design material

My expectations

e  “How can | achieve the best density and
process speed?”

e “Uniform material properties vs. graded
properties”

*  “How to mitigate defects?”

Simulation modules
e Spreading, Melting



Amande — Powder Bed Process

Powder spreading - Variants on table displacement

“ get it right®

Table disp. =50 um

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. = 100 um

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

Table disp = 200 um

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

WWW.esi-group.com




Aeronaut que ZODIAC
Recherche  AEROSPACE I

C®RAC

Amande — Powder Bed Process

Powder spreading - Variants on table displacement Side view

Table disp. = 50 um

Diameter - m
BE-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

get it right® WWW.esi-group.com




Melting : Meltpool s
Width / Depth

1Ze

C®RAC;

Aeronaunque

ZODIAC
AEROSPACE

ent
Recherche

Comparison between experiment and meltpool size simulation

500

450

400

350

N w
ul o
o o

Width (um)

\.]
o
o

CJi

150
100
50
0
S qE S (B (O W E S
Q o O O O D O N N 9 0
S S S RIS M Q%o\

Power (W) / Velocity (mm/s)

\b

Q O O
Cb \'\90 cb \'\'QQ \'\,Q
(,)Q b‘Q QQ QQ

Absorption
coefficient = 0.45

calibrated

M Experiment

® Quick Melting

get it right®

WWWw.esi-group.com



: : . . CORAC| & iRl
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) 50 um — P =150W - Laser Speed = 1000 mm/s
100 Micron
250 1400 0.2016 0.3767
350 800 0.3085 0.5383
350 1000 0.282 0.5267
350 1600] 0.2318 0.5062
400 600 0.3738 0.6235
50 Micron
150 1000 0.168 0.2485
200 200 0.3365 0.3931
250 600 0.2794 0.4131
300 800 0.2803 0.4676
400 400 0.4355 0.6533
400 1200] 0.2823 0.5839

0.000010 s

get it I‘ighl""" WWW.esi-group.com




Aéronautique ZODIAC
Raliiehe AEROSPACE I

. . _ _ CORAC
Melting : Full melting process simulation

Understanding root cause of defects

50 um — P = 150W — Laser Speed = 1000 mm/s

Metal / gas interface Gas bubbles .

Bottom view

CJi

get it right®

WWW.esi-group.com




AS :
eronautique ZODIAC Z

Environnement

Recherche AEROSPACE

Melting : Full melting process simulation

Surface finish Bottom view
50 um—P =200 W —V =200 mm/s 50 um — P =300 W — V = 800 mm/s

get it right®

WWW.esi-group.com




Melting : Full melting process simulation

Scan strategies / Laser power strategies / ... Spatters

Hatch

Spreading of layer #2 | ™% & OS] G a,:».vg-s“oz;%gfo“

R
Voo

000 o o
LS enresed |

00000£400's

Scan

Melting of layer #2

RS
= S
=
S
et

KX
S
SN

==

1

S5
A y
1800
1800
1400
1200

Melting of layer #3

1000

3.799E-05

1E-05

-SE-UY
-4E-05
-3E-05
2E-05
3E-05

get it right®
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CVi

get it right®

From R&D to Product, ESI AM has been developed from
many industrial partners’ feedbacks

SECTOR & APPLICATIONS R&D PROJECTS WE’'RE INVOLVED IN

Aeronautics, Space France

» Aircraft/Rocket frames structures and parts « SOFIA, AMANDE, PALOMA

* Propulsion, HT/HP engines parts

e Repair and reconditioning Europe

* HF antennas * |INTEGRADDE, OPEN HYBRID, EMUSIC,
ENCOMPASS

Energy (Oil & Gas, Nuclear)

e Pump and turbines blades us
* Power exchange and generation HT/HP (fuel cell)
 Repair and reconditioning

DARPA, HONEYWELL

Automotive, Rail, Naval
* Propulsion, Engines HT/HP
 Molds and tooling

PARTNERS WE'RE WORKING WITH

* Repair and reconditioning ABERT:DUVAL @ Ssarran  LIEBHERR SIEMENS
Medical < - @ AER%OSEA%%. \3{)COI.IUM-9 @ arlaneGroup
PR omplexProductio
* Prosthetics fusA .
Addup  RERCAW Honeywell I
United
ExGmcnem pupzarm 5% W ogies




CV/i

get it right®
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Caenante afAUTUBHOE NPOUN3BOACTBO
Additive Manufacturing
BbICOKOpeHTabenbHbIM U OCTaBaUTeCb
KOHKYPEHTOCNOCOOHbIMM

OT nopOLlKa A0 U3AeNMAa — MCA0JIb3ya TexHos1orum ESI B ob61acTtu
aAanNTUBHORO,MPOU3BOACTBA Bbl onTMMM3MpyeTe npoLecc
NPON3BOACTBA, AOCTUTHUTE NYYLUETO KayecTBa NPOoAYyKLUN U
CHUXKEHMA ornepalmMoOHHbIX N3geprKek.

Courtesy: Honeywell, DARPA Open manufacturing program



esi-group.com/additi\ie-manufacturing
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