Empowering the
Future of 3D Printing




Executive Director's Message

Additive Manufacturing promises many advantages, from the lower cost of
prototyping and equipment to faster production and the ability to combine
components into one part, not to mention the ability to support Al-driven design.
Taking full advantage of these benefits is highly dependent on the 3D file format
used to communicate designs to printers. Legacy file formats have limitations as to
what information is communicated to the printer resulting in multiple iterations of
prototypes, wasted fime and materials, and slower time to market for products.

The good news is that the 3D Printing and AM industries have come together to
define an open-source file format that allows for precise communication between

the designer and the 3D printer.

| invite you all to explore the advantages of the 3MF specification and start realizing
the full potential of 3D Prinfing.

Luis Baldez, Executive Director, SMF 3 M F
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Why 3D Printing?

* Efficiency/automation

* Design freedom

* Production flexibility

* |mproved sustainability

« Federated/onsite printing

The print format is a critical element in realizing this vision.
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xe"35.7170105" y="-2.07512665"% 2="19.0678177" />
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xe"=3.3453846" y="1.50771523" 1="-40.886322" />

cr x="-2.61890984" y="1.4231739" 2="-40.8434982" />
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xe"+12.5721226% y="2. 35400009 1="-39.1327744" />
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¢ x="-11.398613" y="2.12172508" 2a"-38.8429337" />
¢ x="-11,2525311" y="2.23296547" 2="-39.52169¢4" />

x="-10.5673923" y="2.16714287" z="-39.6895065" />
xe"-10.5880318" y="2.17201614" z="-39.6093561" />
xe"-2.61890984" y="1.4231739" 1«740.8434982" />

xe"-2 72971153% y="1.45124435% :=740.9200712° />

cx xe"=3 574697497 ye"1,.39304924% 1=740.195961" />
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xe"+4 . 57459068 y="1.6204586" 1«"40.7788086" />

Understanding
3D printfing data
formafs



Print format uses

Software - software communication Software - hardware communication

-

e The print format is the key tool for communication between the software systems and

the manufacturing equipment on the factory floor.

e The very best printers can only print what can be communicated based on the
completeness and accuracy of the 3D print format.




Legacy

A 3MF

Traditional print formats such as STL
leave ouft vital information about

* color

e materials

* topology

e connectivity
e UNIts

This leaves room for crifical
miscommunication that can cost time,
money, and resources.

The reality of legacy 3D printing
standards falls short of the vision.
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Why the industry
IS embracing 3MF
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Industry Driven

3MF stands for “3D Manufacturing Format” and
the specification is the most complete 3D print
format available.

The format allows design applications to send
full-fidelity 3D models to a mix of other
applications, platforms, services, and printers.

And as a part of the Linux Foundation, if is open
source so that the entire addifive
manufacturing ecosystem can take advantage
of specifications for their products and services,
as well as participate in defining the
specification.
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The Core of the 3D Printing Indusiry
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Benefits

Security and traceability

Print complex geometries, specific
sizes and dimensions
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Reduce file size

Include support structures with
model

Assign materials
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How does this help me or my customers? A 3MF

Designers

Service Bureaus Brands

Truest representation of your designs.
Specify material, color, size, and shape.

Wide availability. Every major CAD
software vendor is part of 3MF.

Broadest interoperability across the
value chain from CAD tools to printing
equipment.

Quality. SMF delivers product that is the most | True to brand. 3MF delivers your brand’s
accurate with the least margin or error shape, size, and color

Security features to protect your IP and
your brand's reputation. With built-in
encryption, traceability, and licensing
information

Fast new product prototypes! Reduce back
and forth with the designer, multiple
iterations and guesswork.

Save money on materials and labor through | Built-in quality checks to ensure your
reduced file errors, uncertainties, and do- products are printed to specification
overs + lower storage cosfs. without error.



Case Studies




Priority Designs, Stratasys & Luxion 66 3MF was actually the

enabler because the
special thing about it is
that It doesn’'t just hold
the geometry, but also
the color, the materials
and finish. You have
much more information
INn one package. 99

" -Michal Diga, Director of PolyJet
Stratasys keyshot 10 - Software Solutions at Stratasys

Bluetooth speakers featuring advanced simulation textures
produced by Priority Designs on Stratasys' full-color 3D

prinfing technology using KeyShot 10 software. Q 3M F
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https://www.stratasys.com/

Unlimited Tomorrow, HP & Siemens

Patients can select from
nundreds of skin tones for

their new prosthetic to be

printfed In.

Companies like Unlimited
Tomorrow, rely upon 3MF to
send accurate data about
color o the prinfer so their
patients have prostheftics
that represent their natural
skin fones and their
personalifies.

A 3MF
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Additive Flow & Zeiss: Volumeiric Extension

oa
J.%° Formflow version 1.7 - 14.01.2021.4 Zeiss, Part 41 Diamond Workspace File - New Muilti-Physics Optimisation Software

File Options Export Help

Clipping Plane V' | Materials

9 solutions completed
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Performance Chart Performance Plot Progress

Run Count: 34
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Volume: 0 mm? Material Bratio v | | MinTemp (°C) v Cost Show solution name
Total mass: 347.4 gr
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Fast
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Slow

Max Temperature: 100 *°C

Load Cases
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Case 002 - Overlap - n = 2000 new

Case 002

0,82

®
@ Case 002 - Overlap - n = 2000
®
)

Manufacturing ® Single @ Discrete @ Gradient




Additive Flow & Zeiss: 3IMF

Original design contained
excess material with only one
parameter during printing.

By optimizing parameters using
simulation communicated via
3MF they were able 1o achieve:
45% Mass reduction

50% Production speed increase
35% Increase in thermall
performance
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nTopology + Magics + EOS: Beam Extensions

Lattices
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nTopology + Magics: 3MF
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Additive Flow + Autodesk:
Volumetric Extension

oo
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Adoption

AcCross the ecosystem,
sofftware and manufacturing
equipment manufacturers
are deploying products using

the SMF specification and
extensions.

Over 40 products available!

See the full list at https://3mf.io/adoption
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The Best 3D Rendering Software
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materialise

Always there

Empowering your 3D printing applications

Materialise
Manufacturing

ight production
the moststringer
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Defy Limitations

Push the boundaries with expert additive manufacturing solutions:
@ the existing better and the n
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AboutUs OurStory Solutions ~Sustainability ~Customers Divisions  Investors News &Events

JoinusatHXGNLIVE
Global 2022

Discuss, debate and encounter the
‘autonomous future at our flagship
digital reality solutions conference.

WATCH NOW ©
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PRODUCTS  VIDEO GALLERY ~ EVENTS  BLOG  SUPPORT

Simulate real-world designs,
devices, and processes with
multiphysics software

from COMSOL.

¢ Fully coupled multphysics and single-physics modeling capabites

v from geometry

+ Userriendly tools forbulling and deploying simulation apps.

e

Now available: COMSOL Multiphysics:® version 6.0, R

_ Understand, Predict, Innovate, Optimize
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Products & Services  Market-specific Solutions  Company.

Building for a
Changing Tomorrow
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BRINGING DESIGNS TO, LIFE

Zero Waste Full Colour 3D Printing » Classrogmand office Friendly

Wateh Full Video

Clean Process
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UItimaker  sopriers Software  Matrials  Applcations Loar  Support

Easy 3D printing. Powered by software

Increase business flexibilty and continuity by 3D printing parts with software trusted

Discover the Ultimaker platform

What does our unique platform include?

Clean Process from beginning to end. No need for post
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Three Pillars of
Success for Industrial

Digital Transformation‘

Forward-thinking companies are rapidly adopting
digital technology across engineering,
manufacturing, and service to create competitive:
advantage. PTC's research identifies three key pllars
that are fundamental to success.

READ THE REPORT

Signin ‘ = pSemwa a &
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Resources

Use these free, open-source
resources in your products and

services.

Or

Join us today to help drive -

he

future of additive manufac

uring!

,’.’:‘.\ https://3mf.io/specification/

\\-‘=’-,l hittps://3mf.io/membership/

@ https://github.com/3mfconsortium
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3SMF Extensions Overview

3MF extensions are essential to keeping up with the developments of the industry and enabling
specific use cases.

The 3MF Consortium has developed the following extensions so far:

* 3MF Core Specification (2015)

* 3AMF Materials Extension (2015)

* 3MF Slice Extension (201 6)

* 3AMF Production Extension (2016)

* 3MF Beam Lattice Extension (2018)

* 3MF Secure Extension (2020)

* 3MF Beam Lattice Ball Extension (2021)

* 3MF Volumetric Extension (coming soonl)



Volumetric Extension

e Enables designers to add new types of
elements to their designs and manufacturers
to prototype faster.

e Provides an efficient approach to encode
geometrical shapes and spatial properties
that are based on a volume-based
description.

e Communicates color and transparency
gradients, objects inside objects, color and
materials distribution and composition of
object variation.

26



Materials Extension

e Enables the use of one or more textures
and/or materials in a printed part

e Allows for multiple colors to be used for one
or more printed parts

e Makes it simple for manufacturers to combine
multiple properties

e Realistic preview of the print outcome using
the gITF physically based rendering standard

27



Slice Extension

e Provides a single, standardized format for
defining layered geometry data

e Enables high model complexity with
manageable file size

e Simplifies the printing process processes for
manufacturers

e Ensures that the data needed to print is
readily understandable and consistent

28



Production Extension

e Designed for high-volume users such as
service bureaus

e Makes it more efficient for users to organize
and manage print jobs with multiple parts

e Keeps parts in separate .xml files within the
3MF package

e Divides the parsing load for large printing jobs

e Manages the file hierarchy and relationships
among the files

e Keeps unique identifiers for each part
Instance

e Trayrearrangementis possible without
reencoding the geometry data

29



Beam Laltice Extension

e Designed for storing and fransferring lattice-
type geomeitry information

e Efficient encoding and reduced file sizes for
lattices

e Solves an interoperability issue for the
additive manufacturing industry, providing @
solution not found in other file formats

e Enables multi-product workflows

e Ball update added in 2021
o Ability for designers to specify balls af

Infersections or joints

30



Secure Extension

e Designed for securely encrypting resources
within a SMF package

e Enable SMF producers to control which
consumers have access to the confidential
content

e 'Two-level Key Encryption Key - Content
Encryption Key (KEK-CEK) wrapping scheme

e A frusted public key exchange is outside of
this specification and needs to be handled
by the specific ecosystem

e Typical use cases include protection of
sensifive information, regulatory compliance,
archiving
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