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Successful business models with 3D printing

What does the technology really mean for the market?
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Dr. Matthias Hoeh

Senior Business Development Manager

This presentation may contain confidential and/or privileged information.
Any unauthorized copying, disclosure or distribution of the material in this document is strictly forbidden.



i ing — A Star is Born
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Dr. Hans J. Langer in 1989,
Pioneer of 3D Printing,
Founder of EOS.




3D Printing — A Star is Born
L) /'j}
\MRRRPES,

<\$‘ ’ V .' ' %

LY
X

Ny, TN )%
% 1§75
) = y
4
(’,'-i Y 8
|
. a
! LA LA
=¥ <! !
. > 1
) |
|
i
| | ! 4
b /
1] . |
| ]

: | 1 M -
In the 199b|es the new ’deo logy was relevant for protc
4 | T



e7/5

3D Printing — A Star is Born

A violin

3D printed

by enthusiastic
engineers at EOS



3D Printing — A Star is Born

Europe loses the mobile-phone war

Th e . Africa’s new wealth
Economist isrsteapany

How to switch off the internet

The shoe-thrower's index

Print me a Stradivarius

The manufacturing technology that will change the world

This violin was made using an
€05 laser-sintering 3D printer

(anditplays beautifull) '.
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A violin

3D printed

by enthusiastic
engineers at EOS
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3D Printing — A Star is Born

A violin

Africa’s new wealth The euro crisis: back after its siesta

ECO nomist Japan's tea party Economist Argentina’s oil grab

How to switch off the internet The science of querrilla warfare

: T Schum pete r
Europe loses the mobile-phone war Romneyomics explained B : n
)usine I ger it
The . The ek e usiness and management i

Previous  Nexd  Latest Schumpeter Latest from 3l o

The shoe-thrower's index America’s bagel king

Prmt mea Stradlvarlus The thlrd in

The manufacturing technology that will change the world Py
, revo

Additive manufacturing

Print me a jet engine

Y,
his violin was made using an

E£0S laser-sintering 3D printer
(and it plays beautifully)
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The hype is over! Welcome to reality!
Current and Potential
US$ 12,000,000,000,000 ey~ Corertanasaintal

Global Manufacturing
Industry

Market Size Market Size

Market Size

Global 3D Printing | | 3

Industry USS 2.5bn USS$ 120bn USS 240bn

USS 2,500,000,000 i (-002%) 19 2%
Year 2017 Potential Potential

earney (2017), Wohlers (2016) CONFIDENTIAL | EOS | 7



The Sceptic’s Voice

... still, minimum cost ne C 24/7 production
complg('a <

... every machine can be comg

Freedom of design £ for
Customization

Source: EOS; photo of injection molding machine from video together with bkl lasertechnik and Polymold;




Source: FIT AG website as of Jan. 2020;

CONFIDENTIAL | EOS |



Fact is, many people are extremely successful with it (
1998 2020 FIT
= Core business additive manufacturing = 21 polymer, 28 metal industrial 3D printers

= 1 industrial polymer 3D printer from EOS = 280 employees in 7 sites

Source: : FIT AG website as of Jan. 2020;
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Siemens has invested Millions in the technology

| " EOSINT M 270

SSSSSS : Siemens; CONFIDENTIAL | EOS | 11
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Siemens has invested Millions in the technology

2014 2020
= |dea of repairing gas burner tip = Extended operations and re-invented burner
= Initial investments = Targeting other parts, e.g. turbine blades

CONFIDENTIAL | EOS | 12
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We only grew because our customers were so successful!

|

CONFIDENTIAL | EOS | 13






Printing really makes a difference!
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Waste disposal sites emit gases that need to be managed

waste disposal sites weak gases

» Emissions due to decomposition of organic = Contain low concentrations of Methane
components

= Gases with high level on Methane concentration = Arereleased over long period of time in large
that are easy to convert into energy amounts

= Gases with low concentration of methane called = Are difficult to convert into energy - no
»weak gases universal and reliable solution yet

= Have a high impact on climate

CONFIDENTIAL | EOS | 16
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Weak gases have a significant climate impact

If released

Germany
1000 Waste
Disposal Sites

500.000 m3/year
Methane from
weak gases

(1) Gasoline Consum ption: 41/100 km; 15.000 km/year CONFIDENTIAL | EOS | 17
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Weak gases have a significant climate impact

can now be
converted
into energy

Germany
1000 Waste
Disposal Sites

0 <40 mm

T W

b _rhe 0

=~ 18 EUROK

succeeding energy systems

500.000 m3/year
Methane from
weak gases

Previously impossible design.
Now additive manufacturing!

(2) Average household with 4 people; Energy consumption of 5.000 kWh/year CONFIDENTIAL | EOS | 18



Printing really makes a difference!
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New design




Current limit of design possibilities: it‘s us!

The future:

Computer generated design.
Example:

Rocket engine by Hyperganic software
and built on EOS M290 system

Source: Hyperganic Website;
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New design




Mixed batch production from CAD to Part

CONFIDENTIAL | EOS | 22
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tial gain often

Example:
Protiqg started with prototyping applications,

A Phoenix Contact Company one specialty is inductors

— ’/

Source: PROTIQ GmhH Welbsite;
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Digital production chain can improve customer intimacy

R | B L . 5 ~ N — min, max.
Inductor-Configurator
o 8 250
1 o7
Select the desired basic form and configure it according to your requirements : .
: 24 238
Geometries - -
£ Round [CJ Round [C] Rectangle [ Rectangle () oval [ Pancake 8 e 14
Outside Inside Outside Inside
= é\ 7 ar 7S ))
50 « 50
12 o 38
H5 227
L e a¥ : . Totalprice: 552.87 €
AVAY f Quantty:: 1 incl. VAT, excl. Shipping s Add to basket

PROTID\v product design directly by customer

A Phoenix Contact Company
CONFIDENTIAL | EOS | 24



Printing really makes a difference!
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New design




How could ,,digitalized products” look like?

The future:

Products develop from experience o

985.9058

Example:

M S/N: 7C01C40A24 111.9058 4days @

Sensor give feedback on usage,

f S/N:TEST993 122 9days ©
Type Puspaint

could translate into improved product,

IMB S/N: 240ac401ba7c

manufactured by flexible EOS technology

CONFIDENTIAL | EOS | 26

Source: BoxID/Blackbox Solutions and EOS as seen in additive magazine 28. Juni 2019;
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New design




Four EOS systems

A

s> ¢

Laser

Mirror




Four

EOSTATE PowderBed
Powder bed after re-
coating and after exposure
@VIS

EOSTATE Base

Various system specific
parameters

e.g. flow, laser power,
temperature, etc.

BN e e

EOS systems

P

Dichroic
Mirror

Scanner

Laser

29



Four

EOSTATE PowderBed
Powder bed after re-
coating and after exposure
@VIS

EOSTATE Base

Various system specific
parameters

e.g. flow, laser power,
temperature, etc.

EOS systems

Scanner . T)

Laser

D|chr0|c
Mirror

Photodiode

| EOSTATE MeltPool
Sampled melt emission
@VIS - NIR

EOSTATE Exposure OT
Integrated melt emission
@NIR

30



EOSTATE MeltPool Monitoring

Photo Photo
diode diode

0«

Dichroic Miri

Scanner

Short time measurement of
emissions

Thermal emission back-propagation Displaying sequential
and reference signal melt pool information

- blink of an eye - using optical path - melt pool

CONFIDENTIAL | EOS | 31



EOSTATE Exposure OT

CONFIDENTIAL | EOS | 32
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Airbus A320neo boroscope manufacturing by MTU

Benefits

= 100% insight into the part

= part specific quality assurance

= X-Ray inspections completely removed

= detect scrap earlier

Source: MTU; CONFIDENTIAL | EOS | 33



Airbus A350 XWB latch shaft manufacturing by Airbus

Benefits

= 10 traditional parts > 1 AM part
28 parts with 1 print job

Reduced overall qualification effort

CONFIDENTIAL | EOS | 34

Source: Airbus Helicopters;
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New design
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Additive manufacturing is calling for the ,, digital twin“

The future:
Full interaction of simulation, sensing and reality ‘Ampﬁ)?c?ﬁ
Example:

Amphyon software already predicts build process,
today we check and improve manually,

but the future could close the loop digitally

# additiveworks ~==_§

Source: additive works; CONFIDENTIAL | EOS | 36




Printing really makes a difference!
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New design
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Amorphous metals without size limitations
Most Metals Metallic Glass Additive Manufacturing

Crystalline structure Amorphous structure Partnering companies
= Dislocations lead to = Dislocations rebound e,/g//s A DD
. . . 7 FADD
permanent deformation elastically to initial shape
= Grain boundaries are = Resistant to corrosion A Heraeus
weak spots and wear AM VENTURES

Source: Exmet website; AM Ventures; Heraeus press release Hanau, 4 April, 2019; Heraeus Amloy publication: Melde, V. Amorphous Metals for Series Production. Lightweight des
B ) ) . EOS | 38
worldw 12, 34-37 (2019); logos from respective companies;



Largest amorphous

meta. ever made
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ally makes a difference
pusiness on that!

New design

Source: EOS;



The oneithinglyou cannot.do,
no matter how rigorousiyouranalysistogheroicyourdimagination,
is to makeiallistiofithingsiyouinevedthoughtiof

= Mhemes Seheliing

Phone +49-89-89336-1863
Mobile +49-162-4096725

matthias.hoeh@eos.info




