Technological Concepts of 3D Printing:
How to make the technology better.

Prof. Iskander Akhatov

Skoltech Center for Design, Manufacturing and Materials (CDMM) was established in March 2015
as a Center of Research, Education and Innovation (CREI)
that conducts basic and applied research aimed at development and implementation of
new design and manufacturing concepts for materials and structures

with enhanced lifecycle, widely demanded in various industries.
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Director

Center for Design, Manufacturing & Materials

Skoltech Center for Design, Manufacturing and Materials (CDMM) was established in
March 2015 as a Center of Research, Education and Innovation (CREI) of Skoltech that
conducts basic and applied research aimed at development and implementation of new
simulation-driven designh and manufacturing paradigms for advanced materials,
structures, and engineering systems with enhanced lifecycle, mechanical and physical

characteristics demanded in high-tech industries.

Prof. Iskander Akhatov

Laboratory: Composite
Materials and Structures

Composite materials
manufacturing:
 Vacuum Infusion

e Pultrusion

* Filament Winding

* Pressing

Matrix: thermo&
thermoplasts
Reinforcement: glass and
carbon fibers, micro- and
nano-fillers

Laboratory: Additive
Manufacturing

3D printing:
* Plastics
e Metals

* Ceramics

Additive technologies

 Powder-bed Fusion

* Selective Laser
Melting

e Stereolithography

* Direct Energy
Deposition

To be opened in the new Campus

Laboratory: Information
Technologies for
Advanced Manufacturing

Laboratory: Micro- and
Nano-Mechanics

Laboratory: Mechanical
Testing and Material
Characterization

Laboratory: Thermal
Spray and Functional
Coating

Laboratory: Industrial
Robotics

Product Lifecycle
Management technologies
for design, manufacturing
support, and product state
tracking during the
exploitation phase.
Building product’s digital
twins. Running full-blown
product testing in
numerical form. Product
design optimization,
version control.

Center for Design Manufacturing and Materials

Study of fundamental
physical processes
responsible for micro- and
nano-structural properties
of materials. Special
experimental methods of
material testing at micro-
and nano-scale.

Certified laboratory for
testing materials’
mechanical properties.
Characterization of
materials’ thermal
response, acoustic
response, rheology,
thermal decomposition
kinetics.

Development of new
technology and
optimization of existing
technology for creation of
functional coatings with

Thermal Spray, Cold Spray,

HVOF, Hot and Cold
Plasma-based coating
methods. This area of
technological applications
is on extremely high
demand in industry.

Development of automated
industrial systems for
production of complex parts
and components.
Introduction of advanced
sensorics to industrial
manufacturing lines.
Optimization of production
process in automotive,
aviation, marine, heavy
instrument industry
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3D Printing Technology @ CDMM

Stereolithography Selective Laser Melting Digital Light Processing
(SLA) (SLM) (DLP)

Fused Deposition Modeling Binder Jetting Direct Energy Deposition
(FDM) (BJ) (DED)

Center for Design Manufacturing and Materials




The Largest 3D Printers @ CDMM

Direct Energy Deposition

Direct energy deposition technology is used

to print large-scale parts from steels, copper,

aluminum, titanium, nickel and other alloys.

* Fabrication of parts and components for
aviation, automotive, medical and space
industries;

* Repair of damaged and worn out parts.

Stereolithography
Stereolithographic 3D printing with zirconia,
alumina, hydroxyapatite, and others.
* Medical implants (artificial joints, bone
replacements, bone support);
* Electronics components (antenna arrays,
filters, resonators, dielectric elements).

3D Ceramics

BIOMEDICAL

Selective Laser Melting

Laser metal fusion technology is used to
fabricate various parts from alloys such as
stainless steel 316L-A and Ti64-A.

* Fabrication of parts and components for
aviation, automotive, medical and space
industries;

* Repair of damaged and worn out parts.

B Truprint 1000

Binder Jetting
ColorJet 3D Printing technology is employed to
utilize a core material and a color binder to
fabricate full-color high-quality semi-rigid parts.
* Rapid modeling and functional prototyping
for real-use products
* Architectural modeling, fashion design and a
wide range of consumer products

3D Metalls

3D Plastics

Center for Design Manufacturing and Materials




3D Metal Printing
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Selective Laser Melting and
Direct Energy Deposition
technologieshelp to transfer
metal powder into objects of
complex geometry

Size distribution
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3D Printed Metals: Material Mechanical Testing

Stress—strain curve
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3D Printed Metals: Post-Processing Effects

Average stress—strain curve

700 .
1) 3D printed stainless steel samples demonstrate mechanical
properties on par with those of traditional materials, while offering 600 |
wide range of possibilities for geometrical complexity of parts and
components 500 |
_ 3D printed Traditional
L 7
: : ower, o
Yield strength Higher
Ale) St ghe Except cold worked %
300
Ultimate strength Comparable Comparable
. _ Comparable, 200 . SLM machined
SLM directly printed samples Young modulus except SLM w/o post Comparable B sLM direct print
processing 100 . DED machined
Elongation at failure Higher Lower
. 0 A A A A A A J
2) Technology comparison 0.00 0.10 0.20 030 0.40 0.50 0.60 0.70
* SLM provides slightly higher mechanical strength than DED £(-)
* Mechanical post-processing has minimal effect on SLM samples
* Lower E for SLM direct print, is possibly due to differences in heat fluxes during 3D printing, 200 .
which affect grain structure and orientation 200 Yield strength
Ultimate strength
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Sample top surface (X-Y direction)
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Stereolithography

Ceramic
Paste

C> [ i By ] > =

Contains ceramics,

‘!{;’ ) |:> [ Cleablz)ég;een ] |:> : -3 .§ |:> [ Dell;;nr?ed ] |:> l ] : |. |:> [ Sigf;ed ]

Contains ceramics, Contains ceramics, Contains sintered

polymer, additives and polymer and additives, Grains are pre-sintered ceramics,
3D Printer non-polymerized paste Cleaning Grains are not sintered Debinding Sttt ki Grains are completely
Station oven sintered
Paste is pol ized t Non-pol ized t . C .
wwsp o.ymerlze ¢ ON-POTymErizee paste Polymer is burned out Ceramics is sintered
the required shape cleaned out i

Room for improvement (Synonyms: Opportunities for further enhancement, areas for further development)
» Samples are too fragile, a special handling is needed during mechanical testing
 Due to the action of surface tension and substrate adhesion processes during printing, the printed structure
tends to curl
* Even slightly curled parts lead to incorrect stress distribution in ASTM-based samples, during mechanical
testing
* A base-layer having a special configuration is used to counteract this effect
* A numerical simulator of physical processes during printing is on demand
* Non uniform parts contraction during debinding and sintering
* A numerical model of debinding and sintering processes are needed
* Novel materials are needed
Limitations of the debinding procedure — maximum wall thickness is within millimeters
* A special sintering process is required to sinter hybrid metal-ceramics materials, due to the difference in CTE

of the constituents

Skol
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Stereolithography: Material Microstructure

Ceramic Feedstock Greenbody Brownbody Sintered object

s 7\
/

Ceramics Particles  Pores in Brownbody Ceramics Grains ™ fPores in Sintered object

V4 /
/ /

Distribution of chemical elements in a debinded samples of Al,0; The FIB/SEM-based microstructural 3D images of the/Sintered Object
reveal the existence of large roundish voids, deslp'itg"the strict following of
the manufacturer’s suggested optimized procedure for the feedstock
especially developed for the utilized 3D printg—:'f.

] —_—

Ceramics Particles Polymer Interfill

/ 7

Why the Coarsening process takes place whére the Densification process
EDS: Aluminum EDS: Oxygen EDS: Carbon is expected? Why it happens at some spots only?

Center for Design Manufacturing and Materials




Stereolithography: Material Characterization

Microstructural material characterization at large scale allows assessment of a large volume of material with the cost of reduced resolution.
The shown CT model is in centimeter range, the scanning resolution reached 5 um/voxel

The completelysintered ceramic material, additively manufactured in accordance with the optimized procedure, containsa number of large pores and
a few dense inclusions. What is the nature of the voids and the dense inclusions? What physical process is responsible for their origin?
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2000 mkm ' \

Sample Cross-Section

200 mkm

700 mkm

Typical Voids A typical Inclusion

600 mkm

Center for Design Manufacturing and Materials




Stereolithography: Material Characterization
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Stereolithography: Material Characterization
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Carbon

View field: 10.00 ym
Date(m/dly): 03/19/18

WD: 8.97 mm
SEM HV: 10.0 kV

| EDS images of a sintered sample
INykawoea Mapwus e

There are inclusions of carbon in the structure.
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View field: 55.1 ym WD: 9.07 mm

View field: 7.65 pm
SEM HV: 10.0 kV Det: SE 10 ym SEM HV: 10.0 kV Det: SE
Nykawosa Mapus | Date(m/dly): 03/20/18 Performance in nanospace Date(m/dly): 03/20/18
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View field: 100.0 ym WD: 8.85 mm

SEM HV: 10.0 kV Det: SE, BSE

Performance in nanospace
View field: 35.0 ym
Date(m/d/y): 03/19/18

‘ Debinded material “under the surface”
W .65 i ;‘5' ' -l structure, revealed with FIB

WD: 6.97 mm |

LYRA3 TESCAN|
2 ym

TNykawoea Mapusa
Jlykawoea Mapus

Date(m/dly): 03/19/18

SEM image of a sintered sample surface

In terms of the surface structure, the debinded and sintered
samples appear not much different.
2D SEM characterization is not sufficient —a 3D "under the surface”

structure is of great interest
Center for Design Manufacturing and Materials
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Stereolithography: Microstructural irregularities, Carbon inclusions

Sl . € 5 @ . . s N A

g Tonn View field: 250 ym i LYRA3 TESCAN View field: 67.2 ym LI_A—A_J View field: 64.1 um o s G
SEM HV: 10.0 kV Det: SE SEM HV: 10.0 kV Det: SE SERLV oo i Fr

Nykawosa Mapus  Date(m/dly): 03/20/18 Performance in nanospace Nykawosa Mapue.  Date(m/dly): 03/20/18 Performance in nanospace Nykawosa Mapusi | Date(m/dly): 03/20/18 Performance in nanospace

SEM HV: 10.0 kV Det: SE, BSE
Jlykawosa Mapus Date(m/dly): 03/19/18 Performance in nanospace

Aluminum Oxygen Carbon

Carbon inclusions form flake-like structures in the sintered Al203 material, they
appear despite following the manufacturer’s suggested optimized manufacturing

: : View field: 11.6 pm 9,07 mm LYRA3 TESCAN proce dure.
Vel Cmnla : e e An advanced numerical simulator of ceramics sintering process is on demand, to
L E— SIS account for multiple physical peculiarities and to pre-engineer material’s
microstructure.

Convexities at the surface of the sintered sample.

Center for Design Manufacturing and Materials




Mechanical testing often fails for
ceramic samples, because even light
deviation of the sample from the
straight shape converts Tensile test into
Bendingtest, while sampleis being
clamped to the testing device

Physics of the printing process needs to
be studied in detail to determine
correlations between the action of
surface tension and substrate adhesion,
which are the primary sources of parts
curling during 3D printing

Stereolithography: Material Mechanical Testing

Successful tests
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Modeling of Multiscale Phenomena for Additive Manufacturing

Development of robust, computationally efficient, predictive modeling and simulation tools with fully integrated and automated:

1. massively parallel CFD code

2. wavelet multi-resolution

3. space-time mesh adaptation

4. mesh generation from auto CAD

5. dynamic model-form selection/adaptation,

6. active errorcontrol Physical module

7. mesh quality control user provided IC, BC, EQ, models

8. model fidelity (physical complexity) control @
that can be used to understand/improve/develop existing/new Numerical module | |
advanced manufacturing technologies. main loop {ﬁ:,l]deictjsgtatlon

4 &
wavelet transforms,
utilities < Flerlvatlye cglculatlon§,
integration, interpolation,

. models, visualization tools, etc.

Parallel module
data synchronization,
partitioning, load balancing

A%
A%
External libraries Data structures
MPI, LAPACK, Zoltan, etc. tree based structure to store wavelets, communication buffers, etc.

Temperature

An explosion commences and

"""" T m— compression waves are created. Adaptive Wavelet Environment for in Silico Universal Multiscale Modeling (AWESUMM)

8 12 16

1

Skol
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Multiscale Modeling and Simulation of Selective Laser Melting (SLLM)

|Additive manufacturing process: |

1. Powder is deposited by layers
2. Powder grains are melted by high-power laser beam
3. Part is build slice by slice

|Limitations and Challenges of SLM: I S
Solidified metal

Laser beam

Scan direction
_

Powder layer

1. Limited to selective materials structure Meltin &q-, : .:«.ur; TR
2. Improve the mechanical characteristics of parts manufactured by SLM ,ﬁ,ﬁk«*«m,}

e anisotropic static and fatigue behavior
* impact strength
 compression strength
 fracture toughness
3. Optimize SLM processto
* minimize needed support structures and finishing operations
* increase productivity
4. Improve reproducibility and reliability

|Predictive and efficient simulations tools are required!l

-—\"~

Image source: http://ig-evolution.com/en/sim-centrum/selective-laser-melting-ii

Center for Design Manufacturing and Materials




Multiscale Modeling and Simulation of Selective Laser Melting (SL.M)

Physical processes to be modelled: Complexity of SLM physics:
1. Melting, solidification, and melt
dynamics including surface tension laser pulse
2. Evaporation, condensation, and
vapor dynamlFs Vapour dynamics
3. Heat conduction _ pressure waves
4. Laser beam reflection and | - Bernoulli effect
absorption AFbsorFtLon
- Fresnel absorption
5. Effectof surfactants - Multiple reflections
6. Prediction of microstructure of - vapour and plasma Melt dynamics
solidified material absorption - melt expulsion, spilling formation

- temperature dependent
optical properties

- Marangoni convection
- temperature dependent material
properties

Phase transitions

- melting and solidification

- evaporation and condensation

- vapour pressure on the interface
- mass flux between phases

Heat conduction
- convective and conductive heat flux
- melting and evaporation enthalpy

Image source: Andreas Otto and Michael Schmidt. Towardsa universal numerical simulation model for laser material processing. Physics Procedia, 5:35-46, 2010.
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Geometric Modeling for AM

Problems with Using Additive Manufacturing
* Absence of the “3D Print” button
* Necessity of specialist knowledge: from 3D modeling to the printing process details

 The process includes up to 5 stages: (1) modeling, (2) saving/conversion to a special
file, (3) validation, (4) healing, (5) loading and parameter tuning

3D models are often non-printable — often simply “garbage”

* No universal protocol covering capabilities of modern printers:
multi-material printing and multi-level microstructures with extremely high resolution

Center for Design Manufacturing and Materials




L.ack of Universal Protocol

No universal protocol covering capabilities of modern printers:
 multi-material printing

* multi-level microstructures with extremely high resolution

g Modeling system for A
geometry,
nested microstructures and
_ multiple materials y oo o |
printer with high resolution
NO PROTOCOL and multiple materials
Image by Objet

Center for Design Manufacturing and Materials



Multi-Level Nested Microstructures
We need to achieve microstructure details 2-3 orders of magnitude smaller than the object size

w Curve Surface Solid Mesh Volume Dimension Transform Tools Analyze Render Help

PRPPOPTH=e>r9AB000R Y85 @

Construction Graph

File Edit View Curve Surface Solid Mesh Volume Dimension Transform Tools Analyze Render Help
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y -208.26 20.00

Final
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Volumetric Distribution of Multiple Materials
This is a color glass vase, but it can be metal, plastics and even mixture of bio-materials

Center for Design Manufacturing and Materials



Direct Fabrication without Poor Intermediate Formats

Printing

>

Printing

>

(=]

Printin i
& ¢ . g
~ STL File

Current geometry presentation is a usually faulty triangle “soup” (STL file)
Alternative protocols for 3D printing:

* Vector slice protocol (no info about material, just
a slice contour)

* Raster-slice protocol (multi-material)
 Machine command protocol (e.g., g-code)

Color raster slices with two materials

Photo Scanning o

Skolkovo Institute o

ience and Technology



O6pa3soBaTtenbHble KypcChbl

ApanTtusBHble TexHoNnormu:
* [Ipamasa 3D neyatb meTannamu

° [MocnouHana 3D neyaTb meTannamm
3D neyaTtb KepamMunKou
3D neyaTtb NAacTUKaAMMU

Center for Design Manufacturing and Materials



Llenb n ayautopua Kypcos

Oby4YnTb COTPYAHUKOB MHAYCTPUANbHbIX KOMNAHWIM NepeaoBbiM HaBblkam paboTbl ¢ 3D npuHTEepamm

Kypc paccynTaH Ha MHXKEeHEepPOB-KOHCTPYKTOPOB, MHXEHEPOB-PaACYETYNKOB U UHIKEHEPOB-TEXHO/IOTOB,
MEHeaKepoB N pyKkoBoauTenen npeanpuaTnini, NPomn3BoaaLLMNX UAN UCMTONb3YIOLWLUX U30e1UA U3 NOIMMEPHDbIX,
METAN/IMYECKMUX U KEPAaMUYECKMX MaTepPmasios, C TEKYLWMM MU NPeaACTOALLMM UCNONb30BaHUEM adANTUBHbIX

TeXHO/IOMUMN.

[MpogonxKutenbHocTtb: 1 Heaena, 40 yacos

KonunyecTtso ciyliatenen B Kaxkaom Kypce: 5 yenosek

MecTto npoBeaeHunA: CKONKOBCKUM MHCTUTYT HAYKKU U TexHonorum (r. Mocksa, yanua Hobens, a. 3)

Center for Design Manufacturing and Materials




OnucaHue Kypcos

Kypcbl nocBaweHbl TEXHONOTMAM NPOU3BOACTBA U34e/1Mi C ucnosb3oBaHuem 3D npuHTEPOB NO meTanny,
KepamMmuKe, N1acTUKy. [laHHble Kypcbl NO3BO/IAT NOHATb OCHOBHbIE MPUHLMUNbI MPOEKTUPOBAHUA MOoAeNeN,
neyaTtu nsaesinm, a Tak»Ke TeXxHoNormm noct o6paboTku, U aHanmsa.

Bo BpeMA NEKUUNOHHDbIX 3aHATUN O6CV)-K,£I,aI-OTCFI cnegyrowime tembl U BOMPOCHI.

TexHonornmn npamoun 3D neyaTtn metannamu

BBeaeHmne B TeXHOOTMM aAANTUBHOTIO
NpPOnU3BOACTBA

TexHonoruun 3D neyaTn NAaCTUKamMu TexHonormm 3D neyaTn KepammnKowu

TexHonormm nocnomHom 3D nevyaTtum o .
MeToAabl UCNbITAHUWU U aHANN3a N34eTNN,

MmeT MU
€TaiNa N3rotossieHHbIX meToaom 3D nevyaTtu
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[paKTUyecKkue 3aHATUA

» OCHOBHas YacTb KypCcoB NOCBALLEHA NPAKTUYECKMM 3aHATUAM, BO BPeMs KOTOPbIX CayLlaTenm npu noaaepkKe
MHCTPYKTOPOB M1 C MCNO/Ib30BAHUEM METOANYECKNX YKAa3aHWUWN, N3roTaBAMBAIOT U34e1mMA NO NPeaNoOXeHHbIM
YeTblIpemM TEXHONOMUAM aaaNTUBHOIO nNponssoacTtBa: 3D nevyaTb NAacTUKamu, nocsionHaa 3D nevyaTb meTannamum,
npamas 3D ne4yaTb metannammu, 3D neyaTtb KeEpammnKOMN.

» B Hayane npakTnyeckmnx 3aHATUN NpoBoAUTCS NoArotosKa 3D NpuHTEpOB K paboTe, BKAOYAIOLLLASA OCTUPOBKY
YCTPOMCTB, 3arpy3Ky maTepmanos, BbiCTaBleHUe paboymnx pexxnmos

» B npouecce BbINONHEHUA TEXHONOTMYECKNX 1abopaTOPHbIX PaboT M3rotaBamnBatoTca 06pasLbl ANA NocieayoLLei
nocTobpaboTKM U NpoBeAeHUA MEXaHNYECKUX UCMNbITaHUNA.

» [locne oKkoHYaHMA NevaTHbIX paboT, npoBoanTca basoBoe obcny>kmBaHue 3D NPUHTEPOB
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Pe3ynbTatbl Kypca

B pe3synbTaTe npoBeaeHus obpa3oBaTesibHbIX KYPCOB COTPYAHUKN UHAOYCTPUANbHBIX KOMMaHUM
NoJly4aTt 3HaHUA U NMPAKTUYECKUU ONbIT NO CeayoWmMm HanpaBaeHUAM:

1. TexHOoNOormm KOMNbITEPHOrO MOAENNPOBAHUA U3AENNN ANA NeYaT Ha Pa3HbIX Tunax 3D
NPUHTEPOB.

2. TexHonormm n ocobeHHoCcTM nevyatn Ha 3D npuHTEpax

° NO/IMMEPHDbIX
° MeTalJTIM4eCKUX

*  KepamMMuyecKux
3. MeTtoabl noctobpaboTKmM n3genmnim Noay4eHHbIX TeEXHONIOTMAMUM aaAaAUTUBHOIO NPOU3BOACTBA.

4. T[lposBegeHue uUcnbiTaHMM 06pPa3LOB U U3OENNN, NOJIYY4EHHbIX METOAaMU AAANTUBHOTO
Npon3BOACTBA.
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OCHOBHbIe XapaKTepPUCTUKU KypcCa

MecTto npoBegeHUA NPorpamMmmbi:
CKONKOBCKMN UHCTUTYT HAaYKU N TEXHONOTUN

(r. MockBa, yamua Hobens, a. 3)

Konnuecrso caywareneu:
Tpyao0emMKOCTb NPOorpamMmmbi: 5 UeNOBEK Ha KaKabli KypcC

[lpogonKutenbHoctb 1 Hepgena, 40 yacos

B pamKax nporpammsi:

* 8 yacoB nekummn

e 24 yaca nabopaTtopHbIX paboT.
 CamocToAaTesibHaga pabota c 3D npuHTEPOM

ATTecTauMoOHHbIe npoueaypbl NO Kypcy:

‘ OuHaa paboTa B TeUEHUE Kypca
- ®uHanbHaa npe3eHTaumsa (4 4yaca)
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HayyHaa KoOmaHAa u npenogaBaTtesin Kypca

JleKTop,
CTapLUNIA HAYYHbIN
coTpyaHuk, PhD

3aHMMaeTcA

MeTa/ITINYECKOMN
n3yyeHnem
MaTepmnanos.
onbiITom (6onee 10 net) B obnactu

neyaTtn, a
CBOWCTB
Obnapaet

MmaTepmnanoseaeHuA, d

MmaTepuanos, B
KOMMO3UTHbIX.

TOM

ABTOp b6onee

MeXKAYHaPOaHbIX
cpeacTBax.

CraHucnas EBnawiunH

TexHonornemn
TaKXe
NOJIy4EeHHbIX

6onbwMm

TaKXe
noayvyeHnmn wm wuccnegosaHnMmM HOBbIX
ynucne

7
25

Hay4HbIX nybaAMKauui, 3 nNaTEHTOB,
pe3ynbraTtbl UCCAeA0BAaHUN He OoAWH
pPa3 OCBeWa/nNCb B OTEYECTBEHHbIX U
HOBOCTHbIX

Csatocnas YyryHos

JleKTop,
CTapLUNIA HAaYYHbIN
coTpyaHuk, PhD

3aHMMaeTcA TEXHO/I0TUEN
KepamMmnyeckom aAaAuUTUBHOM MNeYaTy,
nccneJoBaHUEM MUKPOCTPYKTYPHbIX U
MUKPO-MeXaHUYEeCKNX CBOWCTB,
MaTePUanoB, U3Y4YEHUEM BAUAHUA
CTPYKTYPbl MYCTOTHOrO MNPOCTPAHCTBA
Ha rmapoanHamMn4eckme 7
dUNLTPALUUNOHHDbIE XaPaKTEPUCTUKMU
MaTepmasos. Mmeer  OOLIMPHDbIN
(bonee 10 net) onbiT paboTbl ¢
Hay4YHO-UCCNea0BaTeENbCKUM
obopyanoBaHuem. NMpuUHMUMAN y4actme
B YCMEWHbIX WHAYCTPUANbHbIX W
Hay4YHO-MUCCNea0BaTeNbCKUX MNPOEKTaX
B Poccnn n CLUA.

AnekcaHpap CadoHoB

JleKTop,
BeAyLWUN Hay4yHbIn
COTPYAHMUK, K.T.H.

3aHMMaeTcH MeToaaMm
MaTeMaTU4YecKoro MoAe/IMpOoBaHUA
TEXHOIOTMYECKUX NpoL,Eeccos,
MPOYHOCTHbIM aHANIN30M,
TOMNONOTNYECKOWN onTUMM3aumnen

KOHCTPYKUMIN, obnagaer obWwMpHbIM
onbiITom paboTtbl (6bonee 15 net) B
NHAYCTPUU KOMMO3ULMNOHHbIX
MaTepnanoB, Yy4yacTBOBan B pAage
ycnewHblIX Hay4HO-
NCCNeaoBaTe/IbCKUX  MPOEKTOB A
komnaHuit  HMNMN  «AnATaK», &My
LLATA, TMTAO «OAK»,

AO «AspoKomnosuT»,

AO «YpansaroHsasopny,

AO «Ypankpuomawu» un ap.

UsaH Ceprenues

JleKTOp,
BeAyLWUN Hay4HbIi
COTPYAHUK, K.P.-M.H.

3aHMMaEeTca nccnegoBaHMEM BIUAHUS
TEXHO/NIOTMYECKMX  MAPAMETPOB  Ha
dU3MKO-MEXaHNYECKMEe CBOUCTBA MU

CTPYKTYPHbIE XapPaKTEPUCTUKM
NOJIMMEPHbLIX  KOMMO3ULMOHHBIX U
aAaNTUBHbIX MaTepuanos,
YNC/IEHHbIM MOAENNPOBAHUEM
aAebopmaumm  matepuanos.  OnbIT
paboTbl B NHAYCTP UM
KOMMNO3ULUMOHHbIX  MaTepuasos -

bonee 15 net; yyactme n TeEXHUYECKoe
PYKOBOACTBO B pAfe  yCrnewHbIX
Hay4YHO-UCCNen0BaTEeNbCKMX
NPOEKTOB.
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ObopyaosaHue

TexHonornuyeckoe obopyaosaHue UcnbiTaTenbHoe obopyaoBaHue

* [lonnmepHble npuHTepbl Hercules n 3D systems ProJet 4500 * YHuMBepCanbHble UCMbITaTeIbHble MALLUMHbI
* MeTtanaundeckum npuHtep Trumpf TruPrint 1000 INSTRON 5363, INSTRON 5385;
 MeTannunyeckuii npuntep Insstek MX-1000  Cucrema aHanusa AePpopMmUPOBAHHOTO COCTOAHMSA
e Kepamuyeckuit npmuHtep 3DCERAM Ceramaker 900 Vic3D;
e CTaHuMA ouncTKM 06pasLos CeraKleaner * MawwuHa anAa ycTanocTHbIX ucnoitannm SHIMADZU
* BbicokoTemnepaTypHble neum Kittec CLL15 u ThermConcept HTL USF-2000

20/17  MawunHa ANA UCNbITaHMK B YCAOBUAX
e OTpe3Hol cTaHOK Struers Accutom 100 HU3KMX/BblcoKMX (-150 - +300 C) Temnepatyp

INSTRON 8801 |
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na cBA3U C HAMM:

Oduc nHaycrtpuanbHbix ceasen CKontexa
industry@skoltech.ru
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Thank you!
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