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Additive Manufacturing (AM) y

-

—

Allows:

o —

4 Remove restrictions in R&D incl. topology optimization can

provide a reduction in the mass of products up to 60%

4 Reduce losses in forced design changes

R
s

Reduce production preparation cycles 10-50 times

R
s

Reduce the shortage of working professions

R
s

Provide small-scale production of products on individual

orders

Industrial Additive Technologies DDM.LAB | Solver Group | www.ddmlab.ru, www.solver.ru | info@ddmlab.ru



Additive Manufacturing (AM) | _ \ .. -y

Also allows:

" - 4t

| Refuse from auxiliary production materials

el |

Refuse from the expensive technological equipment in pre-

production

el |

Refuse from part of workshop machines, energy technology

equipment (ovens, autoclaves, vacuum molding machines, etc.)

el |

To place in office

[yl

Reduce production waste

' Reduce warehouse and production area 3-5 times
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Distribution of materials by 3D printing processes IMb

Consumption of materials by service providers 3D printing materials in process
Metal and
polymer Metal
29%

/ 20%

Material strength

Kevlar

Carbon fiber
Graphene
Ceramics

Process

Rapid Prototyping Rapid Tooling Rapid Manufacturing
Polymer

51%

Source: Wohlers Associates, Inc. 2017 Source: TranPham Materials, 2015
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World market of 3D printers IMb

2016
Automotive 2020 — $28,9B

-

2017 - S16B

R

Other

Private
3d-printing

2016 — $13,2B

Aerospace,

Architecture Tooling military

Source: International Data Corporation (IDC)
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Growth in the world market of 3D printers IMb

Low-end and Semi-professional
u Professional and Production systems

2020 - 6 700 000 Units

2016 — 450 000 Units

2015 - 220 000 Units ~ 8.4%

Source: Gartner
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3D printers by country

Germany
9%

France
3%
Sweden

1%

UK
4%

Italy U.S —38%

4% :
Europe + Russia —

Spain Y
1%

Japan

o
10% RKorea Jd china il Taiwan Russia
3% 9% pAA 1% Source: Wohlers Associates, Inc. 2014
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Industry 4.0. Technology drivers enable physical and digital integration _%_%-..-l;;

Advanced robots Industrial internet
N /N J
" N I
Augmented reality Cloud £ .
N )\ ) Additive
e N B .
. . manufacturing
Simulation Cybersecurity
N & J
- g N
Horizontal/vertical integration Big data and analytics K j
N e 3

Source: The Boston Consulting Group
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AM - production ecosystem
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The future of AM

108

108

104

Quantity
Q

100

10

Forming

methods

Low

Die
Casting

High speed cutting (CNC)

- Additive manufacturing

Middle High

Part complexity

AM will grow significantly as capabilities increase

Source: MTU Aero Engines
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AM enables entirely new designs IMb

AM cost advantage AM design advantage

v

A
A
v

A
Unit
manufacturing

cost Additive Manufacturing
(AM)

Traditional
process

Part complexity

Additional
internal lattice

structures ~_

Bionic AM design
~50% weight
reduction .

Traditional design
for conventional

manufacturing .

Additive Manufacturing is manufacture for design instead of design for manufacturing

Source: Fraunhofer ILT; Arup Group
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AM market has been booming—growth to continue IMb

Global AM market

2014
2020 18.0
Mother W0 Aerospace I Vedical and dental B Automotive ™7 consumer products and Industrial and
electronics business machinery

Materials view

2014

18.0

2020

[ | Composites & Others B ceramics [ | Polymers I Vetals

Value chain view

0 \ J
2014
2008 2010 2012 2014 2817 2020- +28%
(0]
:’ Significant growth, expected to 2020 18.0

continue Ml services Ml systems I Materials

Market growth strongly depends on industry segment, materials, and value chain step

Source: Boston Consulting Group
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Topological optimization and bionic design IMb

[ —'l
CEHERRTEHE

Xiphias Concept Chassis, Wallace Penn Scott,
Extreme Redesign 3D Printing Challenge

Altair Engineering GmbH
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Example. The Living and Autodesk Apply Bionic Design to an Airbus 320 Partition mu)

5. "H
W

VWl o
(AL

Partition optimization via generative design -

v‘ '.,"' / | [ X ™ \
/1 NS A

Source: http://www.thelivingnewyork.com/
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Players. AM value chain currently with numerous specialized players IMb

Material Material Equipment OEMs Design/ Service providers Post- End customers
suppliers distributors Engineering processing

o JTR CONcgmnﬁgggp e — ~elotte _— & oe Aviation

AP ALCOA SYSTEMES

‘}:{'ATl colorFabb ) e _& ﬁ

EASTNVNMIAN DsSYysSTEMS A AUTODESK. . POSTPROCESS

& _ £ LayerWise '
o & stratasys - . &
HC.starck A\ gsncenter 2 ;i Materials @

. YOUR IDEA IN OUR DIMENSION. cap TO METAL wEtFabh E SOIUtionS ml!i'
cerlikon i GO o ® citi PH0Shes
metco et ciim i

r LSS o Medironic
o-Bask |~ ESSo. SW L Materialised (T ®
nnovelars you can count on @
We create chemistry B
POLY-SH/PE / casme
P T e
@ CARPENTER' mﬂll!ﬂ MARTIN

Key players invest into AM for production:

TRUMPF )
= = T SAFRA .
@ AIRBUS SIEMENS - ICIETT () 5 SAFRAN [ o0ssauT

fives

Source: Boston Consulting Group
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The digital thread for AM IMb

SCAN/ TEST + DELIVER +

DESIGN + ANALIZE 3D-PRINT + MONITOR VALIDATE MANAGE

Quality assurance + part validation/verification information flow

Digital twin
established Part
(runs paralle! to DTAM) end-of-life

Design + ——

Product
inception: .
DTAM begins > - Traditional 3 ; : Per-palm
@ ‘ 2 = [ s Build simulation p:;tat'ciessing
v vancex ' detailed build plan 2 o8
_multi-phy ~+ machine data ;

Continuous improvement information flow

Source: Deloitte University Press
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Positioning equipment for 3D printing in the world w

Industrial
Desktop low- Deskt.op Professional Production :
end 3d- professional ) Production
printers 3d-printers 3c-printers systems Modules
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& stratasys

Polylet technology

The best
visualization in the
WWield[o!
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PolyJet technology

Manufacturing aids

& tooling

\
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& stratasys
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FDM technology

Manufacturing aids,

tooling & end-use
parts

The most universal
and‘most copied
technology in the
werld
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& stratasys

sStratasys

FDM technology

o Automation

e Multimaterial
properties

e Scalability
Reliability
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==AM

PO DITIVE MANUFACTURING

strial Additi | ¢ www.solver.ru

info@ddmlab.ru


http://www.ddmlab.ru/
http://www.solver.ru/
mailto:info@ddmlab.ru

SLM technology

24

Powder metals

HQ, better than
casting

End-use parts
(«flying» ready)
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Individual systems IMb

Cyber physical o

Modular ©
Hybrid ¢

A4

Robotic Systems

A4

Individual ©
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Robotic systems + conveyor w

5+ oceBble Cyber physical ©

Modular O

Hybrid ¢

A4

DLP

Robotic Systems (o)

Individual O

FANUC KUKA amn:

ROBOTICS KUKAROBOTICS EGLEE
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Hybrid systems IMb

Cyber physical o

Modular O

Robotic Systems

A4

Individual O

28 Industrial Additive Technologies DDM.LAB | Solver Group | www.ddmlab.ru, www.solver.ru | info@ddmlab.ru



http://www.ddmlab.ru/
http://www.solver.ru/
mailto:info@ddmlab.ru

Modular systems

— BEH11 Cyber physical

: Hybrid ¢
.'n

Robotic Systems ¢
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Modular ©

. Individual O
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Cyber physical systems IMb

Cyber physical ©

Modular ©

Hybrid ©

Robotic Systems

o @ 50 Individual O

OmmOlOmmO
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Digital factories
today

Numerous service
providers around
the world

e
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X -; y
‘e

e i
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Digital

32

factories of the future. The first prototypes.

3D Systems | SLAbot-2 |

Plastics, composites IMb

Coobx | LIFTcell
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Digital factories of the future. Stratasys 3D Demonstrators IMb

Additive manufacturing of large tools and a2 Fabricating composite structures with strength in

i

Scalable, Additive

Manufacturing
Array,
Cloud Connected

Infrastructure for

Continuous
Production

33

every direction e m———
1 e

BOEING

.

.e * «Advanced» * Mass production
' [ ¥ ] . o

0 = extrusion e Scalability/Array
a * Reliability * Automation

\ * Repeatability * Multi-materiality
\ * Speed * Cloud Connected
0 FATHOW, * Hybrid Infrastructure

production
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Digital factories of the future. The first prototypes. Metals

Concept Laser

g
o

petanuina u ux
popabotka

Cknaackon
moaynb

TexHonornyeckue npoueccs
[—‘ aAUTUBHOIO NPOU3BOACTBA
MoaroToBka 3apnaHuit

Ha nocTpoeHue aetanen

Trumpf | TruLaser Cell

Additive Industries | MetalFAB1

34 Industrial Additive

M b

SLM 800HL
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Russia. AM by numbers

ABWMAOBWIATENDb

12+

3D printing machines

@ currently in use

>
-
e
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Sciaky, US. AM by numbers IMb

80%

Time reduction to
manufacture a tank

. -
100+ 55%
3D printing machines Lost cost
currently in use

(o)
3-9 kg in hour 75A,

5,8 meters long : Reduction in waste

Photo courtesy Lockheed Martin Space Systems The 3D printed titanium propulsion tank
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GE Aviation. AM by numbers

500+

Factories worldwide

100K

Additive parts will be
manufactured by GE
Aviation by 2020

400+

3D printing machines
currently in use across GE

A

The Brillilant Factory

Boosting productivity by reimagining the way we design, manufacture and service products.

A systematic method to
maximize customer value
through the elimination of waste
within a manufacturing system.

« Elimination of waste

« Continuous improvements
« Levelized production

« Quality

« Standardization

Digital analytics and insights
that improve productivity and
connectivity. Powered by
Predix and Brilliant
Manufacturing Solutions.

3D-printed fuel nozzle for the
LEAP (CFM International)

» Real-time
Visual management
» Integration

Source: GE Brilliant Factory

* Quality
+ Machine performance
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A method to build 3D objects by
adding layer-upon-layer of material,
also known as the industrial
version of 3D printing.

« Rapid prototyping and tooling
« Modeling

- Printing

+ Finishing

Cutting-edge technology
and new manufacturing
processes to lower cost and
accelerate the innovation,
speed and performance of
industrial products.

= Robotics

« Advanced fabrication

+ Automation

= High precision technologies
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