Industrial production
directly on site!
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From the field

3D printed:

Printing costs: 100 EUR
Printing time: 24 Hours
Material: Onyx and Carbon
Weight: 189 g

Mechanically manufactured:

Costs: 1.145 EUR

Delivery time: 4-6 Weeks

Material: Steel

Weight: 3,2 kg

3D printed:

Printing Costs: 550 EUR

Material: Onyx and HSHT- Continous Fibre
Weight: 1,86 kg

Mechanically manufactured:

Costs: 2.500 EUR

Material: Aluminium

Weight: 8 kg

3D printed:

Printing costs: 150 EUR

Printing time: 12 Hours

Material: Onyx and Continuous glass fibre

Mechanically manufactured:
Costs: 1.200 EUR
Delivery Time: 3-4 Weeks
Material: Steel
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Why Markforged?

Printing mechanically & thermally resilient components

Reinforce your components with the additional continuous fibre made of carbon,
Kevlar or glass fibre and obtain components with the strength of aluminium.

Onyx - outstanding surface and unique

material properties

No, the components are not post-processed, but come directly from the
Markforged 3D printer. The unique, professional carbon short-fibre material for
components with and without continuous fibre reinforcement.

The Digital Forge

Material, hardware and software are 100% harmonised. This allows engineers to
manufacture the fibre-reinforced end product directly after design.

Simplest operability
Industrial 3D printing is intuitive to operate. There is no need to set any param-
eters.

A breakthrough in metal 3D printing

ADAM (Atomic Diffusion Additive Manufacturing): From design to fully functional
metal parts in less than 28 hours. The Markforged Metal X system is a complete
metal 3D printing solution.
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The Markforged FX20

The FX20 is the latest flagship 3D
printer from Markforged. It enables
the Digital Forge platform and CFR
(Continuous Fibre Reinforcement]
technology to be used for completely
new parts, challenges and industries.
The FX20 is designed for the most
demanding manufacturing industries:
Aerospace, Automotive and Defence.
It is Markforged's largest, fastest

and most intelligent 3D printer.
Whether you need tooling, prototypes
or production parts, the FX20 takes
additive manufacturing as we know it
to a whole new level.

Massive components, faster

The FX20 combines size and produc-
tivity to produce much larger parts
incredibly quickly. The build envelope
Is almost 5x larger than other mar-
ket-forged printers. And the com-
pletely newly developed motion and
extrusion systems enable high-speed
3D printing without compromising on
quality.

From production into the air

The FX20 brings the revolutionary
benefits of The Digital Forge to new
applications and industries. It has
been developed to produce high-per-
formance tools and fixtures as well as
aerospace components. For the first
time

Markforged users can reinforce parts
made from ULTEM™ 9085 filament
with CFR technology - giving you high-
strength 3D printed composites for
even more demanding applications.

Production-ready
performance

The FX20 is a precise, sensor-con-
trolled machine that offers maximum
reliability and is easy to operate. Fully
iIntegrated storage and handling keeps
materials dry during printing, while
sensors fully monitor the extrusion
system. Linear encoders on the gan-
try and print bed provide precise, real-
time feedback on machine position,
ensuring highly accurate parts.
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FX20 FX20
Essential* Advanced*
Additive manufacturing £999 000- £€306.650 -
machine . o
Alternative leasing £9 620 - £9855 -

Prices Costs per month
On—5|telc.omm|55|omng € 4900,- incl. Travelling expenses
and training
Cloud EIGER Software included 4
Printing technolo Fused Filament Fabrication (FFF),
g 9y Continuous Filament Fabrication (CFF)
Material Plastics: ULTEM™ 9085 filament, Onyx™, Onyx
ateria FR™, continuous fibres: Carbon fibre
3D printer
features .
Layer thickness 0,125 mm:; 0,25 mm: 0,05mm***
Nozzle diameter FFF nozzle 0.4 mm; CFF nozzle 0.9 mm
Extruder units 2x plastic extruder, fibre extruder
Print pause Yes
Dimensions (W x D x H) 1325 x 900 x 1925 mm
Printing platform Precision-ground aluminium vacuum bed
gp Automatic levelling
Technology :
& Software Weight 493 kg
Power supply 3-phase, 230/400V, 14 A

525 x 400 x 400 mm**

Assembly space Heats up to 200°C

*An overview of the software subscription packages can be found on pages 26-29.
**For printing without continuous fibre, with continuous fibre the installation space is 500 x 400 x 400 mm
**#* The layer thickness of 0,05mm is only available for onyx at the moment

ULTEM™ filament reinforced with the unique

Markforged continuous carbon fibre

The FX20 is the first machine from Markforged that can print ULTEM™ 9085
filament - an extremely resistant thermoplastic with excellent fire, smoke
and toxicity properties. In combination with continuous carbon fibres, it can
be used to produce high-strength composite components for the aerospace
industry.

The ULTEM™ and 9085 trademarks are used under licence from SABIC, its affiliates or subsidiaries. Dupont™ and
Kevlar® are trademarks and registered trademarks of E. . du Pont de Nemours and Company. Support materials
for plastics and fibre materials from Markforged will be added gradually, but not for every combination.
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The Markforged FX10

Industrial 3D printers of the
5th generation

The FX10 is the world's first industrial
3D printer for composites and metals.
As a result of years of research and
technological advancement, based on
the success of the Markforged X7, its
primary goal is to produce robust and
precise parts with every print.

The new FX10 Metal Kit opens up a
whole new range of possibilities -
including 316L stainless steel.

With its new modular architecture
designed for upgradeability and prin-
thead-mounted optical sensors to
check dimensional accuracy and mon-
itor condition and performance, the
Markforged FX10 utilises advanced
technology. Automatic calibration and
material changes contribute to a user-
friendly experience that is simple,
low-touch and minimises the need for
operational intervention.

Image processing module and
laser micrometer

The Markforged FX10 has two optical
sensors mounted on the print head.
The laser micrometer is used for
inspection to check dimensions
during print validation and machine
calibration. The new vision module
creates detailed images of calibration
parts to determine and optimise
printer performance

Heated pressure chamber and
vacuum bed

The FX10 has a large build chamber
that heats up to 60 °C, which is an
advantage for printing high-quality
parts at high speed. The aluminium
vacuum bed Is also heated and has
precision grooves that are scanned by
the laser for calibration.

Modern material store with
automatic changeover

Internal  material drawers store
four bobbins in individually sealed
compartments and support the
automatic material change and fast
loading of the bobbins. This minimises
the need for manual intervention by
the user.



Specifications of the FX10

Additive manufacturing
machine incl. 3-year
subscription

Alternative leasing
Costs per month

FX10 Metal Kit

(additional hardware for

Prices metal 3D printing)

In-house metal 3D print-

ing process chain with
LOMI debinding station
and sintering furnace 2

On-site commissioning
and training

Cloud EIGER software

included

Printing technology

Material

3D printer
features Layer thickness

Nozzle diameter
Extruder units
Print pause
Dimensions

(Wx D xH)

Building platform

Assembly space (X, Y, Z)

Technology

Interf
& Software niertace

Software

Supported 0S
Supported browsers
Supported file formats

Network connection
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FX10 FX10
Essential* Advanced*
€ 131.000,- € 138.650,-

€ 4.010,- € 4.245, -
€ 19.990,-
€ 195.481,-

(plus FX10 Essential + Metal Kit)

€ 1.200,- plus € 1,00/km travelling expenses

v

Fused Filament Fabrication (FFF),
Continuous Filament Fabrication (CFF)

Plastics: Onyx™
Continuous fibres: Carbon fibre**

0,125 mm:; 0,250 mm
FFF nozzle 0.4 mm; CFF nozzle 0.9 mm
Plastic extruder, fibre extruder

Yes
Total: 760 x 640 x 1200 mm;
Precision-ground aluminium vacuum bed

Automatic levelling

375 x 300 x 300mm™**
Heated up to 60°C

7" Touchscreen
Cloud-based
Mac 0S 10.7 Lion +, Win 10, Linux
Chrome 30+
STL
WiFi, Ethernet, USB

* An overview of the software subscription packages can be found on pages 26-29.
** Support for other Markforged plastic and fibre materials will be added over time.
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The Markforged X7

The 3D printer for real
functional parts.

With the powerful Markforged X7, you
can produce industrial-grade and
highly stable components: Your most
efficient skilled worker in the com-

pany!
Large components, high

resolution

The large build volume of the X7 is ideal
for applications in robotics, automo-
tive engineering, functional prototypes
and prosthetics. With a layer thickness
of 0.05 mm™*, your components have a
perfect surface and look and feel sim-
ilar to an injection molded component.

Industrial components
straight from the 3D printer

The X7 has been specially developed
for industrial use: Manufacturing fix-
tures, clamping jaws, tools and func-
tional prototypes can be produced with
high precision and resilience.

Components produced with it exceed
the strength of aluminum parts, while
the costs are only a fraction of the
same.

The X7 also guarantees incompara-
ble surface quality, size and reliability.

*Qnyx-Material

W Maviforged

Turbo-Print-Mode

Print your components on the X7 at up
to 2x faster printing speed with consis-
tent surface quality. Print prototypes
in Turbo Print, optimise your part and
then print your final part with fibre
reinforcement.

Laser-assisted
Construction process control

During the printing process, selected
layers can be scanned with an inte-
grated laser. This ensures that
dimensional accuracy and quality
requirements are met at all times.
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Specifications of the X-Series

Prices

3D printer
features

Technology
& Software

*

Additive manufacturing

machine incl. 3-year
subscription

Alternative leasing

Costs per month

On-site commissioning

and training

Cloud EIGER Software

included

Printing technology

Material

Layer thickness
Nozzle diameter
Extruder units
Print pause

Dimensions
(W x D x H)

Building platform

Installation space (X,
Y, Z)

Torsion-resistant
housing

Interface

Software

Supported 0S
Supported Browsers
Supported file formats

Network connection

X7 X7
Essential* Advanced*
€ 84.880,- € 92.530,-

€ 2.560,- €2.79,-

€ 600,- plus € 1,00/km travelling expenses

v

Fused Filament Fabrication (FFF),
Continuous Filament Fabrication (CFF)

Onyx, Onyx FR,
Onyx FR-A,
Onyx ESD,
Nylon White/PA 6, glass fibre,
Carbon fibre, Carbon fibre FR-A,
Kevlar fibre, High Temp glass fibre, Precise PLA, S-TPU95

0,05 mm; 0,1 mm, 0,725 mm; 0,2 mm; 0,25 mm**
FFF nozzle 0.4 mm; CFF nozzle 0.9 mm
Plastic extruder, fibre extruder
Yes

total: 584 x 483 x 914 mm;
without base cabinet: 584 x 483 x 424 mm

Kinematic coupling
Repeated positioning accuracy 0.01 mm
Manual laser-assisted levelling
Flatness 80 pm

330 x 270 x 200 mm***

Yes

4" Touchscreen
Cloudbased
Mac 0S 10.7 Lion +, Win 10, Linux
Chrome 30+
STL
WiFi, Ethernet, USB

An overview of the software subscription packages can be found on pages 26-29.
** Layer thickness of 0.25 mm only available in Turbo Print mode of the X7.

***When printing without continuous fibre, with continuous fibre the installation space is 330 x 250 x 200 mm

1
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Desktop-Series

The high-performance industrial 3D printer for
components with aluminium strength

A ey

LE———i

e e T ST e i

Markforged’'s Desktop Series is designed to give every designer and builderaccess
to robust Onyx parts. Each component - whether hardware, software or material -
offersaunique 3D printingexperience.Youtoocanbeinspired bythedesktopseries.
Determine the material and strength of your components and these unique 3D
printers will produce perfect functional parts from your CAD data within a few
hours.

Turbo-Print-Mode

Now you can also print your components on the desktop printers*** at up to 2x
faster printing speed while maintaining the same surface quality. Print proto-
types in Turbo Print, optimise your component and then print your final compo-
nent with fibre reinforcement.
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Specifications of the Desktop-Series

Additive manufacturing

machine, self-commission-

ing & 3-year subscription

Alternative leasing

Prices Costs per month

Simple commissioning
with video tutorial

Cloud EIGER software
included

Printing technology

Material

3D printer

features
Layer thickness
Nozzle diameter
Extruder units
Print pause

Dimensions (W x D x H)

Building platform

Assembly space (X, Y, Z)
Technology Torsion-resistant housing
& Software

Interface

Software

Supported 05
Supported Browser

Supported file formats

Network connection

Onyx Pro Onyx Pro Mark Two Mark Two
Essential* Advanced* Essential* Advanced*
€11.740,- € 19.390,- € 20.880,- € 28.530,-
€ 362,- €598, - € 645,- € 878, -
€ 250,-

v

Fused Filament Fabrication (FFF),
Continuous Filament Fabrication (CFF)

Onyx,
Nylon White/PA 6,
Onyx, Glass fibre,
Glass fibre, Carbon fibre
Precise PLA, S-TPU9%5 Kevlar fibre,

High Temp Glass fibre, Pre-
cise PLA, S-TPU%5

0,1 mm: 0,725 mm und 0,2 mm
FFF-Nozzle 0,4 mm; CFF-Nozzle 0,9 mm
Plastic extruder, fibre extruder
Yes
584 x 330 x 355 mm

Kinematic coupling
Repeated positioning accuracy 0.01 mm
Manual levelling via feeler gauges
Flatness 160 pm

320 x 152 x 154 mm**
Yes
4" Touchscreen
Cloud-based
Mac 0S 10.7 Lion +, Win 10, Linux
Chrome 30+
STL
WiFi, Ethernet, USB

*An overview of the software subscription packages can be found on pages 26-29.
**For printing without continuous fibre, with continuous fibre the installation space is 320 x 132 x 154 mm

***0Only possible with Gen2 of Onyx Pro and Mark Two

13
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Metal X

The Metal X significantly accelerates your innovation and
delivers metal parts overnight. Forget 20th century manufac-
turing and create everything from industrial spare parts to
injection moulds and working prototypes.

The Metal X is based on a new innovative technology: Atomic
Diffusion Additive Manufacturing - or ADAM for short.
The printing material consists of a very high concentration of
metal powder bound in plastic. It is printed using the proven
FFF process - completely without toxic metal dust.

This is followed by a debinding and sintering process, result-
iIng in an unmanned component. The sintering process results
in atomic diffusion: the heat causes the atoms to shift slightly
and stick together. As a result, the components achieve out-
standing mechanical properties and enormous rigidity, even
in the z-direction.

B Marktorged
SINTER-2
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Specifications of the Metal X

Prices

3D printer
features

Properties
Component

Software

Materials

Metal 3D printer with washing
station & sintering oven 1

Alternative leasing
Costs per month

Metal 3D printer with washing
station & sintering furnace 2

Alternative leasing
Costs per month

Cloud EIGER Software included
Printing technology

Assembly space (X, Y, Z)
Dimensions (W x D x H)

Power consumption

Maximum component size
Maximum component weight
Density

Infill

Software

Security

Available materials

Material

Metal X Metal X
Essential* Advanced*
€ 202.390,- € 210.040,-

€ 6.215,- € 6.450,-
€ 280.750,- € 288.400,-

€8.620,- € 8.855,-

v

Atomic Diffusion Additive Manufacturing (ADAM)

300 x 220 x 180 mm

575 x 467 x 1,120 mm, 75 kg
1-phase, 230V, 6 A
250 x 183 x 150 mm
10 kg

max. 94.5 % to 99.7 % (depending on material]
Closed honeycomb structure and solid material

Cloud-based

Two factor authentication,
Administrator organisation

1.4542 (17-4 PH),
1.2344 (H13),
1.2363 (A2),
1.2379 (D2),

1.7744 (Inconel 625),
Copper

bound powder

*An overview of the softflare subscription packages can be found
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Washing station

In the Lomi washing station, the
green parts are immersed In a
special liquid and the wax con-
tent is completely removed. The
remaining plastic is gasified in the
sintering oven.

This intermediate step makes
the final metal components even
finer and keeps the sintering oven

clean.
Supported materials All available materials
Hexane (temperature class according to
Solvent ATEX: T3)
_ Opberation Manual filling of the green parts
Properties P Solvent filling by pump
Positioning system Stainless steel shelf
Dimensions (W x D x H] 500 x 200 x 1635 mm
Washing volume 28,5 L
ATEX protection class 12GExhIAT3Gb
Environmental require- External suction device not included
ments
Security & Compressed air needed
Installation Safety control Automatic switch-off in the event of faults
o Purification of the solvent through
Emissions R
separate distillation process
Power consumption 3-phased, 230/400V, 6 A

External dimensions (W x
D x H)

Weight 280 kg

. . _ 700 x 1260 x 1635 mm
Physical dimensions



Sintering furnace 2

The Markforged sintering furnace
2 1s a powerful and affordable
melting furnace. With an inter-
nal capacity of 12,135 cm3, the
Sintering Furnace 2 transforms
brown (washed] components into
components with
ease. This machine is perfect for
medium sized components and
small batch production.

solid metal

Properties

Security &
Installation

Physical dimensions

Supported materials
Heating element

Maximum temperature
Sintering capacity

Sintering volume
Sintering surface
Gas types

Retort

Sinter surface

Environmental require-
ments

Power consumption
Overtemperature

External dimensions (W
x D x HJ

Weight

=~ Mark3D
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Ll ]

SINTER-2

All available materials
Kanthal
1300°C

Rectangle with top radius -
248 mm inner diameter x 406 mm length

12.135¢cm?
1.644 cm?
Argon and argon-hydrogen mixed gas
High purity refractory retort (Carbon Free)
Ceramic

External suction device not included
(100 -150 CFM])

3-phase, 230/400 V, 30 A

Built-in protective device
1370 x 810 x 1520 mm

350 kg

17
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Markforged PX100

Additive metal production

with highest precision.

The PX100 Binder Jetting system adds a new
component to the Digital Forge: a production
system that can manufacture thousands of
complex finished parts. Metal parts can be
produced in large quantities where they are
needed. And companies gain more control
over their production process.

New products, new markets

With Metal Binder Jetting technology, compa-
nies can become industry leaders by designing,
customising and manufacturing parts in large
quantities that were previously impossible to
produce.

Control your supply chain

The risks and costs associated with external
suppliers can be eliminated by insourcing key
production processes. Replace dependency
with control.

Produce directly and avoid waste

Technical Details

Exceptional productivity

— Print speeds of up to 1,000 cm3 per hour
— Print head with 70,400 nozzles that emit
2pL droplets at 15.5 kHz

— Easily exchangeable powder magazine for
quick material and build changes

Highest precision and quality

— Consistently more accurate than Tum
— 600 dpi resolution with maximum accu-
racy and repeatability

— Robust machine design reduces failures
and unplanned downtime

Manufacture exactly as required

— Fully customisable, open system

— Ready for future updates, such as inerti-
sation and automation modules

— Optimum powder utilisation: almost
100% of excess powder is recycled

The PX100 combines rapid speed with maximum resolution. The PX100 system also includes
powder handling equipment and ovens, enabling end-to-end production. The system is con-
figurable and can process a wide range of materials.
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Specifications of the Markforged PX100

Prices

3D printer
features

Materials

Additive manufacturing machine

Cloud EIGER software included

Printing technology
Printing system
Installation space (X, Y, Z)
Dimensions (W x D x H]

Power consumption

Accuracy
Gas connection

Material application

Material return

Changeover time between print-
ing processes

Available materials

Construction guidelines

Maximum
length

Minimum
length

Wall thick-
ness

Resolution

Holes

€ 550.000,-

v

Metal binder jetting

Page-wide printing system with 70,400 printing
nozzles

250 x 217 x 186 mm
2700 x 1000 x1700 mm, 2000 kg
3.5 kW
Static accuracy better than Tpm

Gas-tight. Prepared for future inertisation module
inertisation module prepared

Coating with a powder applicator

Yes, without deterioration
15-25 min

Ti6Al4V: 316L stainless steel; 17-4PH stainless
steel;
D2 tool steel; H13 tool steel;
4140 steel; Alloy 625; Alloy 718; Alloy 247;
copper

Depending on the geometry.
Typically & 150 mm.

<1 mm

Preferably — 300 pm. Minimum — 150 pm

Maximum 35 pm in z-direction

> 200 pm depending on hole length

19
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Printing materials for composite 3D printers

Produce mechanically resilient components thanks to innovative materials:

Base material Nylon White (PA 6): stable, flexible and paintable plastic
Onyx base material (PA6 with short carbon fibre]: extremely stable plastic

with excellent appearance

Base material Onyx FR: extremely stable plastic with self-extinguishing properfie
properties

Base material Onyx FR-A: for the requirements of the aviation, transport and
transport and automotive industries

Base material Onyx ESD: Onyx ESD is a statically dissipative,
safe variant of Onyx

Carbon fibre with the highest strength-to-weight ratio

Carbon fibre FR-A for the aviation, transport and automotive industries
Kevlar fibre highest impact resistance

Glass fibre best strength-to-cost ratio

High-temperature glass fibre ideal for automotive, aerospace and other industries,
where materials with high heat resistance are required

VEGA is a PEKK filament filled with carbon fibres and was developed for the additive manufacturing of
aerospace components on the FX20.

Prices materials

Product Quantity Price
Nylon White/PAé FFF Filament 800 cm?® Roll € 200,-
Precise PLA 600 cm? Roll € 60,-
Smooth TPU 95A 800 m3 Roll €190,-
Onyx FFF Filament 800 cm?® Roll € 215,-
Onyx FFF Filament 3200 cm?® Roll € 800,-
Onyx FR FFF Filament 800 cm?3 Roll € 260,-
Onyx FR-A FFF Filament 800 cm?® Roll € 290,-
Onyx ESD FFF Filament 800 cm? Roll € 260,-
Ultem™ 9085 Filament 3200 cm3 Roll € 1.540,-
VEGA 3200 cm3 Roll € 3.200,-

Continuous fibres

Price / 50 cm?3 Roll

Price / 150 cm? Roll

Carbon CFF Filament € 180,- € 500,-
Carbon FR-A CFF Filament € 210,- € 550,-
Kevlar CFF Filament €130,- €330,-
Glasfaser CFF Filament €110,- € 260,-
High Temp Glasfaser CFF Filament € 130,- € 330,-

You can find further accessories and consumables in our shop: www.mark3d.com/de/shop
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Printing materials for the Metal X

1.4542 (17-4 PH) stainless steel . f( ,
17-4 PH stainless steel is ideal for post-processing in CNC < o 8 #
milling and turning and is corrosion-resistant up to 800°C. It is - M,

also used, for example, for the drive roller for the fibre system —
on the X series.

1.2379 (D2]) tool steel
The high carbon and chromium content of D2 tool steel offers great hardness and
abrasion resistance (not as hard as A2). D2 is often used for cutting tools.

1.2344 (H13) tool steel

H13 tool steel is air-hardened and has excellent impact strength. It is used for punch-
ing, dies and forming tools. The high carbon and chromium content of 1.2344 guar-
antees enormous hardness and abrasion resistance. H13 tool steel is often used for
cutting tools.

1.2363 (A2) tool steel

A2 tool steel is a versatile, air-hardening tool steel that is often regarded as a ‘univer-
sal’ cold work steel. It offers a combination of good wear resistance and toughness.
Relatively easy to machine in the annealed condition, it has high compressive strength
and good dimensional stability during hardening. It is used for a wide range of tools,
from forming and cutting equipment to wear parts.

1.7744 IN alloy (Inconel 625)

Inconel combines strength with enormous heat resistance. This makes it ideal for
heat protection and high-pressure applications. This nickel alloy is commonly used
in jet engines and medical technology applications. It is also chemically resistant and
difficult to machine.

Copper
99.8 % pure copper from Markforged has excellent thermal and electrical conductivity.

Prices Materials Metal X

Product Quantity Price

1.4542 (17-4) stainless steel 200 cm3 € 260,-
1.2344 (H13) tool steel 200 cm3 €520,-
1.2363 (A2) tool steel 200 cm3 € 260,-
1.2379 (D2) tool steel 400 cm? €520,-
Copper 200 cm? € 330, -
1.7744 (625) Inconel 200 cm? € 399,-

Ceramic support material 200 cm3 € 130,-
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Material description - Precise PLA

PLA (polylactic acid) is a cost-effective option for non-functional prototyping. Markforged Precise
PLA is ideal for design iterations, fit testing, concept models and purely visual parts that are not

mechanically demanding..
Note: Continuous filament is not compatible with Markforged Precise PLA.

Test (ASTM) P-PLA
Tensile Modulus (GPa) D638 2.3
Tensile Stress at Yield (MPa) D638 31
Tensile Stress at Break (MPa) D638 18
Tensile Strain at Break (%) D638 27
Flexural Strength (MPa] D790 43
Flexural Modulus (GPa) D790 2.3
Heat Deflection Temperature (oC) D648 B 52
Izod Impact - notched (J/m) D256-10 A 62
Density (g/cm3) - 1.3

Precise PLA is available in eight different colours and makes
it possible to create colour-coded prototypes, tool holders
and exclusion zones.

1Measured according to a method similar to ASTM D790. The parts do not break before the end of the bending test.
Dimensions and structure of the specimens:

- Tensile strength: ASTM D638 Type | beam

- Bending: 3-point bend, 4.5 inches (L) x 0.4 inches (W) x 0.12 inches (H)

- Heat deflection temperature at 0.45 MPa, 66 psi (ASTM D648-07 Method B)

Test specimens:

All data was provided by an accredited third party testing facility. They represent typical values.

Markforged test badges are uniquely designed to maximise test performance. Plastic test badges are printed with a solid

infill. To learn more about specific test conditions or to request test parts for internal testing, please contact Mark3D. All
customer parts should be tested according to the customer’s specific requirements.

The performance of components and materials will vary depending on layout, component design, specific loading
conditions, test conditions, manufacturing conditions and the like. This representative data has been tested, measured or
calculated using standard methods and is subject to change without notice.

Markforged makes no warranties of any kind, express or implied, and is not limited to warranties of merchantability, fitness
for a particular purpose or patent infringement; and assumes no liability in connection with the use of this information.

The data herein should not be used to establish design, quality control or specification limits.

The data is not intended as a substitute for your own testing to determine suitability for your particular application. Nothing
in this sheet should be construed as a licence to use or a recommendation to infringe any intellectual property rights.

22
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Material descriptions - Base materials

Printing methods

Plastic matrix

In the process known as fused filament fabrication (FFF)
the printer heats the thermoplastic filament to close
to its melting point and extrudes it through a nozzle,
building up a plastic matrix layer by layer. Markforged
prints all thermoplastics using this method.

Nylon

Plastics in comparison

Fibre reinforcement

Continuous Filament Fabrication (CFF)

is a special technology developed by Markforged that uses
fibres to reinforce printed parts.

Using a proprietary technology, Markforged places
continuous long fibres in a thermoplastic matrix. Users
can control the amount, orientation and type of reinforcing
fibres in each layer.

Carbon fibre

100

Bending stress (MPa)

Onyx ESD

0 0.01

0.02

0.03

Bending strain

Onyx FR

Thermoplastic with self-
extinguishing properties

Onyx FR achieves a V-0 rating in
the UL94 flammability test and
has similar mechanical properties
to Onyx. It is best suited for
applications where low weight, high
strength and  self-extinguishing
properties are required.

Flexural strength 71 MPa
Flexural modulus 3,6 GPa

Onyx ESD

Thermoplastic with static
dissipative properties

Onyx ESD is a statically dissipative,
safe variant of Onyx that fulfils strict
ESD safety requirements and at the
same time offers excellent strength,
rigidity and surface  quality.
strength, rigidity and surface quality.
It is best suited for applications
that require ESD-safe materials.
Flexural strength 83 MPa
Flexural modulus 3,7 GPa

0.04 0.0

Onyx
Thermoplastic for
technical purposes
Onyx can be used to produce rigid,
strong and precise parts. Onyx is
already 1.4times stronger and stiffer
than ABS and can be reinforced with
continuous fibres of any type. Onyx
sets new standards for surface
quality, chemical resistance and
heat resistance.

Flexural strength 71 MPa
Flexural modulus 3,0 GPa

demanding

Nylon White
Durable, flexible thermoplastic

Nylon parts are flexible, impact
resistant and can be reinforced
with any continuous fibre from
Markforged. The material is best
suited to applications that require
more flexibility or low friction. In
addition, Nylon White is paintable.

Flexural strength 50 MPa
Flexural modulus 1,4 GPa
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Fibre materials in comparison

Glass fibre

Increased fibre strength

We recommend glass fibres as an entry-level
continuous fibre. They offer high strength at an
affordable price. Glass fibres have 2.5 times the
strength and 8 times the stiffness of onyx and
enable the production of robust tools.

Flexural strength 200 MPa
Bending modulus 22 GPa
Layer height 0.1 mm

HSHT Glass fibre

Strength at high temperatures

HSHT (High Strength High Temperature] glass
fibres offer the strength of aluminium and high
heat tolerance. They have 5 times the strength and
7 times the stiffness of onyx and are favoured for
parts exposed to high operating temperatures.
Flexural strength 420 MPa

Bending modulus 21 GPa

Layer height 0.1 mm

Carbon fibre

As strong as aluminium, but half the weight
Carbon fibres have the highest strength-to-weight
ratio among our reinforcing fibres. Compared
with onyx, reinforcement with carbon fibres can
achieve 6 times the strength and 18 times the
stiffness. This type of fibre reinforcement is often
used for parts that replace machined aluminium
parts.

Flexural strength 540 MPa
Bending modulus 51 GPa
Layer height 0.125 mm

Kevlar fibre®
Lightweight, durable and strong

Kevlar fibre® offers excellent durability and is
therefore ideal for parts that are subjected to
repeated and sudden loads. Kevlar is just as
stiff as glass fibre, but much easier to shape
and is best suited for robotic gripper tools [‘end
of arm tooling’).

Flexural strength 240 MPa
Bending modulus 26 GPa
Layer height 0.1 mm
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Material descriptions - Smooth TPU 95A

Smooth TPU (Thermoplastic Polyurethane) is an elastomeric material that is ideal for functional
parts that require stretch and flexibility. You can print drive belts, bumpers, protective covers,
seals and much more with a smooth surface and high reliability. Markforged S-TPU is available in

the colours black and white.

Shore Hardness (Shore A)

Shore Hardness (Shore D)

Tensile Modulus at 2% Strain (MPa)
Tensile Modulus at 100% Strain (MPa)
Tensile Stress at Break (MPa)

Tensile Strain at Break (%)

Flexural Modulus (MPa)

Density (g/cm3)

AINOL

rkforged Expert

Test specimen:

Test (ASTM)
D2240-15 (Type Al
D2240-15 (Type D)

D412-16
D412-16
D412-16
D412-16
D790
D792-20 (Method A)

S-TPU Result
95
53
98
13
26
550
90

1.2

All data was provided by an accredited third party testing facility. They represent typical values. Markforged test badges are uniquely designed to maximise test
performance. Plastic test labels are printed with a solid infill. To learn more about specific test conditions or to request test parts for internal testing, please
contact Mark3d. All customer parts should be tested to customer specifications.

Part and material performance will vary depending on layout, part design, specific loading conditions, test conditions, manufacturing conditions and the like. This
representative data has been tested, measured or calculated using standard methods and is subject to change without notice. Markforged makes no warranties
of any kind, express or implied, including, but not limited to, warranties of merchantability, fitness for a particular purpose, or non-infringement, and assumes
no liability in connection with the use of this information. The data presented herein should not be used to establish design, quality control or specification limits
and is not intended as a substitute for your own testing to determine suitability for your particular application. Nothing in this sheet should be construed as a
licence to use or a recommendation to infringe any intellectual property rights.
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Material specifications - composite materials

) . Norm Onyx Onyx Onyx Nylon dimensions and structure of the plastic test
Plastic matrix (astM)  O™* PR FR-A ESD  White SPecimens: | |
¢ Tensile test specimens: Profiles according
Tension module (GPa) D638 2,4 3,0 3,0 4,2 1.7 to ASTM D638, type IV
o Fl test i-
Yield stress (MPa) D638 40 41 40 52 51 mene 3point flexure et
. 4.5inch (L) x 0.12 inch (H) x 0.4 inch (W)
Breaking stress (MPa) D638 37 40 - o0 36 e Heatdeflectiontemperatureat0.45MPa,
Elongation at break (%) D638 25 18 18 25 150 66 psi [ASTM D648, Method B)
Flexural strength (MPa] D790 71 71 7 83 50 All Markforged machines are suitable for
Bending modulus (GPa) D790 3.0 3.6 3.6 3,7 14 printing Onyx. Nylon is a special material
that can only be printed on Mark Two and X7.
Heat deflection temperature Markforged parts are primarily
(°C) Dé4s B 145 145 145 138 41 formed from the plastic matrix. Users
. . can add fibre reinforcement in each
Fire behaviour UL94 - V-0 V-0 - - layer to improve material properties.
Notched impact strength _ o
(J/m) D256-10 A 330 - - bb 110 "Measured using a method similar to ASTM
D790. Parts made of pure thermoplastic
Surface resistance (Q) ANSI/ESD . B 105107 - only break at the end of the bending test.
STM11.
. . Norm . Carbonfibre . . HSHT
Fibre reinforcement (ASTM) Carbonfibre FR-A Kevlarfibre® Glassfibre Glassfibre
Tensile strength (MPa]) D3039 800 760 610 590 600
Tension module (GPa) D3039 60 57 27 21 21
;Zr]wsde elongation at break D3039 15 16 27 3.8 3.9
Flexural strength (MPa]) D790 540 540 240 200 420
Bending modulus (GPa) D790 51 50 26 22 21
[Ez/(j]ndmg elongation at break D790" 12 16 21 11 22
Compressive strength (MPa]  D6641 320 - 97 140 192
Print module (GPa) D6641 54 = 28 21 21
Compressive elongation at
break (%] D664T 0,7 - 1,5 - -
:—iéa]t deflection temperature D648 B 105 105 105 105 150
Notch impact strenght (J/m] ~ D256-10 A 960 810 2000 2600 3100
Density (g/cm?3) - 1,4 1,2 1,2 1,5 1,5

Dimensions and construction of test speci-

mens for fibre-reinforced composites:

Test panels used in this data are unidirec-

tional fibre-reinforced (0° plies)

e Tensile test specimens: with carbon: 9.8
inches (L) x 0.5 inches (H) x 0.048 inch
(W], with GF and Kevlar®: 9.8 inch (L] x
0.5 inch (H) x 0.08 inch (W)

e Compression test specimen: with Car-
bon: 5.5 in. (L) x 0.5 in. [H] x 0.085 inch
(W], with GF and Kevlar®: 5.5 inch (L] x
0.5inch (H) x 0.12 inch (W)

e Bending test specimen (3-point bend-
ingl: With all composites: 4.5 in. (L) x
0.12in. (H) x 0.4 in. (W)

e Dimensional stability temperature at
0.45 MPa, 66 psi [ASTM D648-07 Method
B)

Tension, compression, deformation at break

and heat

The resistance temperature data was pro-
vided by an accredited third party testing
testing centre. Flexural data was provided
by Markforged, Inc. The above specifications
were met or exceeded.

Markforged's test panels were specifically
designed to maximise test performance. The
fibre test panels are completely filled with
unidirectional fibres and are printed without
walls. The plastic test plates are printed with
full infill. Contact a Markforged representa-
tive to learn more about specific test con-
ditions or to request test parts for in-house
testing.

Part and material performance will vary
depending on fibre layout, part design, spe-
cific load conditions, test conditions, build
conditions and the like.

This representative data has been tested,
measured or calculated using standard

methods and is subject to change without
notice. Markforged makes no express or
implied warranties. This excludes, but is not
limited to, any warranties of merchantability
and fitness for a particular purpose or any
warranties of non-infringement of patents.
In addition, Markforged assumes no liability
in connection with the use of this informa-
tion. The data presented herein should not
be used to establish design, quality control
or specification limits and is not intended
as a substitute for user testing for suitability
for specific applications. Nothing in this data
sheet should be construed as a licence to
operate in violation of any intellectual prop-
erty right or to infringe the rights of any third

party.
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Material specifications - Metals

Norm 17-4
Tensile strength (MPa] ASTM ES8 1050
Tension module (GPa) ASTM E8 140
Plug-in voltage (MPa) ASTM E8 800
Elongation at break (%) ASTM E8 5
Compression limit (MPa) ASTM E9 -
Print module (GPa) ASTM E9 -
Hardness (HRC)* ASTME18 30
Relative density (%) ASTM B923 > 96
Electrical conductivity (% IACS) ASTM E1004 -
Thermal conductivity (W/mK] ASTM E1461 -
Norm A2

Tensile strength (MPa) ASTM E8 -
Tension module (GPa) ASTM E8 -
Plug-in voltage (MPa) ASTM E8 -
Elongation at break (%) ASTM E8 -
Compression limit (MPa) ASTM E9 850
Print module (GPa) ASTM E9 180
Hardness (HRCJ* ASTM E18 52
Relative density (%) ASTM B923 > 94,5
Electrical conductivity (% IACS) ASTM E1004 -
Thermal conductivity (W/mK] ASTM E1461 -
* Hardness was measured on a D25 X
10 mm sample printed with 100% infill.

1 The 17-4 tool steel was heat treated to the H900 specification.

2 The heat-treated H13 tool steel was heated
to 1010°C and tempered twice at 600°C.
3 The heat-treated A2 tool steel was heated to
970°C and tempered once at 200°C for 30 minutes.
4 The heat-treated D2 tool steel was heated to
970°C and tempered once at 200°C for 30 minutes.
5 Tension rods are undersized and cut with standard
copper settings, except that Raft s switched off.
Copper is processed into solid parts as standard.
6 The stated density of copper is based
on a theoretical value of 8.96 g/cm3.
7. electrical conductivity is normally expressed as a

percentage of the conductivity of the International Annealed

17-4 (WB')  H13 H13 (WB?]  Copper

1250 1420 1500 193°

170 - - -

1100 800 1250 26°

6 5 5 455

36 40 45 -

> 96 > 94,5 > 94,5 98¢

- - - 847

- - - 3508

A2 (WB?) D2 D2 (WB*) Inconel 625

- - - 765

- - - 334

- . - 42

- 830 1690 -

180 170 187 -

58 54 60 7

> 94,5 97 97 96,5
Copper Standard (% IACS) when analysed using eddy

current equipment. The conductivity of the annealed copper
standard is defined as 0.58 x 108 S/m (100 % IACS) at 20°C.
8. thermal diffusivity measured according to ASTM E1461.
Diffusivity was converted to conductivity using: Thermal
conductivity = Thermal diffusivity * Density * Specific heat.

Assumed specific heat of copper = 0.385 J/g-K according

to ‘Handbook of Chemistry and Physics 72nd Edition’.
9 The specified density of Inconel 625 is
based on a theoretical value of 844  g/cm3.

The data for the Markforged materials represent typical values
in the sintered state. Markforged samples were printed as fully
dense parts with 100% infill. Hardness data was tested in-house,
all other data was verified and confirmed by external sources.
This representative data has been tested, measured or calculated
using standard methods and is subject to change without notice.

Markforged makes no warranties of any kind, express or implied, including, but not limited to, the warranties of merchantability, fitness
for a particular purpose, or non-infringement; and assumes no liability in connection with the use of this information. The data set forth
herein should not be used to establish design, quality control or specification limits and is not intended as a substitute for your own
testing to determine suitability for your particular application. Nothing in this sheet should be construed as a licence to operate under

or a recommendation to infringe any intellectual property rights.
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Notes on print preparation and post-processing

A wall thickness of 2.8 mm is required to print a ring with Markforged continuous filament
in a component. 3.6 mm wall thickness is required to print protrusions with Markforged
continuous filaments.

Post-processing of components

Samtliche Bauteile lassen sich einfach mit Krylon Fusion oder Rustoleum fir Kunststoffe
veredeln.

Paint: Nylon White PA6 / Onyx absorbs paint. Therefore, prime the components beforehand.
Sanding: Wet sanding with W/220 sandpaper
Gluing: Loctite 401 for rigid connections and Loctite 4861 for flexible connections

Diving: Rit Liquid dipping colours

Further information and design aids for additive manufacturing can be found on our
website and on our blog:

e www.mark3d.com/en

e https://www.mark3d.com/en/quides/

* https://www.mark3d.com/en/3d-printing-news/



EIGER Software:
Efficient. Flexible. Safe.

With Markforged’s high-strength and com-
posite fibre printers, we supply the inno-
vative, smart EIGER* software, which is
compatible with all our printers.

Powerful

The strength of the Markforged printers lies
in the strength of the component and the
precise surface finish. With the EIGER soft-
ware, part stability can be easily increased
with the unique Continuous Fibre Reinforce-
ment. In addition, EIGER offers the option
of accessing all printers and print jobs with
Just one program and managing them in an
organised manner.

Achieve 10 times the strength with
just one click

EIGER adds selected fiber reinforcement to
your component. All you have to do is select
the “Use fiber” option. You retain full access
to the process and can intervene where
desired and make manual adjustments.

Constant improvement

Cloud-based, EIGER always provides the
latest version. As soon as a new update has
been provided, it will be displayed the next
time you log in to EIGER. Large files can be
easily processed in the background while
you can continue working in other programs
without restrictions.

Control all printers from one
location

With EIGER, you can easily access all print-
ers and print data from your organization.
Whether you have one or a hundred print-
ers in use, the networked system collects all
data clearly in one place.

Every Markforged printer can be connected
via Ethernet or WiFi. Distances are therefore
irrelevant. You will receive important status
messages by email and will be notified in
good time of low material stocks and com-
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pleted print jobs, for example.

User-friendly

You don’t need any special training to print
the strongest parts. Simply load and slice
your STL file into EIGER for a high-strength
part.

Data is never lost

Projects can be created in EIGER. You can
organize your print files in them, find them
quickly and reuse or revise them. Since
everything is stored in the cloud, your files
are retained even if your computer crashes.
You can also restore accidentally overwritten
files using the version history

Intuitive user interface

Our software controls all temperature, speed
and monitoring settings to optimize printing
performance and reduce the amount of work
required by the user.

Cooperation

EIGER works on an organization-based
basis. Every team member can access
the program. This means that files can be
shared, discussed, edited and improved with
colleagues even across long distances.

*The services described here refer to the Eiger Cloud software.
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Data protection

Markforged nimmt die Sicherheit und Privatsphare
Ihrer Daten sehr ernst.

ISO 27001 - Security Certification

e Markforged is the only certified manufacturer in the additive sector.
e The certification was issued by an external testing center.
e Your data is safe in the EIGER software!

“1/"amazon
“ webservices
Z Markforged
STL files Latest License MFP Notification
MFP files* EIGER soft- counter Files* Of latest
Application data** ware firmware
Cloud '
EIGER Software D
Ihr Chrome Browser Markforged Ecosystem

Ihre LAN und WLAN Netzwerke

Only users of your organization can access your data. We take the best security precautions, including
SSL/TLS encryption of all communications with our servers, external backups of user data, and the
security offerings of Amazon Web Services (AWS), which safeguards the data for us.

All communication with Markforged is encrypted.

Your LAN und WLAN Netz-

4 2 Markforged N

Optional: Offline
EIGER Software

\ / LAN

Markforged Ecosystem

Your Laptop or Desktop PC

Offline EIGER software is a completely standalone version of our Eiger software that can be purcha-
sed by customers who cannot use a cloud solution. No information - neither user nor part data - is
ever listed or stored online. This software operates at full capacity without cloud or internet access.
Print files are stored on your local computer or on shared drives.

* MFP files (Markforged Print] are the unprocessed output data of the EIGER software, which the Markforged printers use to print
the component.

** Application data includes account information for the license server, folder structures, printer settings and used material
quantities/print volumes..
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EIGER Software Subscription Packages:

Efficient. Flexible. Secure.

Essential

Software

¢ Workflow + Preferences

e User Management

e API Access

e SAML SSO

e User-specific TLS certificates
e Customer statistics

e Manufacturing history

Continuing education

Markforged University

Support

e Spare and wear parts
e Technical support
e Access to support websites
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Advanced

Software

e All Essential Benefits
e Digital warehouse
e Cloud printer management
e Automatic print preparation
e Customized support
e Individual fiber laying
e Online updates
e 1 year after purchase
- Workflow + presets
- User management
e Workflow + presets
e User management
e APl access
e SAML SSO
e User-specific TLS certificates
e Customer statistics
e Manufacturing history
e EIGER simulation
e Partinspection (Blacksmith)
e Data export (Digimat))

Further education

e Markforged University

Support

e Access to support websites

e Spare and wear parts

e Technical support

e Annual machine calibration for all industrial printers
e Access to support websites



With the Markforged 3D printer,
we have a process-safe, reliable
and innovative manufacturing
machine - without additional
personnel costs!

Michael Miiller, erler GmbH
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We only produce what is needed
immediately. Our stock is now on
rolls!

Chris Tettalowsky, BMF Vertriebs GmbH

3D printing saves resources and
creates capacity in conventional
manufacturing.

Ronny Bernstein, BMF Vertriebs GmbH

With additive manufacturing,
there are almost no restrictions
on the geometric complexity of a
component. This is an advantage
for making components lighter
and optimizing them for their
intended use.

Marco Bauer, BAM GmbH
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We look forward to
seeing you!

Mark3D GmbH
Rodenbacher Strafie 15
35708 Haiger

Phone 07361 63396-00
E-Mail markforged@mark3d.de
Internet www.mark3d.de

Mark3D UK Limited
The Innovation Centre, 1 Devon Way
Longbridge, Birmingham, B31 2TS

© 2023 MarkForged, Inc. & Mark3D GmbH

All prices quoted are non-binding and subject to statutory VAT.
We are not liable for any of the above information. Only the original documentation from the manufacturer Markforged Inc. is relevant

for binding service commitments.
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