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Topics covered include….

• Why design data control is critical

• Challenges for AM data management 

• File formats and tolerancing

• Beyond design data – the digital tread

• Role of PLM/MES 

• Data security and export control
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Why Design Data Control is critical?

• Each of the data processing steps (CAD design, tessellation, build orientation, 
support design, build layout, slicing, building, post processing) contribute to 
the finished part quality. 

• Data traceability is required for reproducibility, quality assurance, qualification 
& certification procedures

• Large amounts of data are generated, exchanged which need to be efficiently 
and securely managed.

“Bad” data can lead to failed builds and scrap parts
Losing design data can lead to legal action…fines 
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Product design data flow 
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Some of the Challenges with AM Data Management include;

• Different data input formats (STL etc..or IGES,STEP or Native CAD)

• Wide variety of disconnected  software packages required 

• Multiple file conversions

• Lack of “standardised” data manipulation setting leads to part geometry errors
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Standard Tessellation Language (STL.) Files 

• Original AM file format

• Large file sizes

• Only mesh data 
o No scaling information

o No colour information

o No material information

o No meta data of any kind

• Mesh errors are common

o Inverted “flipped” normals

o Intersecting/overlapping triangles

o Holes in the mesh

o “Bad” Non-manifold edges

o Noise shells

https://amfg.ai/2018/04/19/top-5-stl-
file-errors-you-should-know

• Can lead to build failures and bad parts

• Errors may require manual repair but 
software provides automated repair

Source: Shapeways

missing triangles in STL file - Bing images

https://www.bing.com/images/search?view=detailV2&ccid=ALjyvW0%2f&id=3D5CA0E36653EF98F076CDEE6D4F26D57487687E&thid=OIP.ALjyvW0_07f5c8Q6MwUXOAHaGe&mediaurl=https%3a%2f%2f3.bp.blogspot.com%2f-ODl6vebByh0%2fWur4ihN430I%2fAAAAAAAAAxk%2fmhIrw3lunCUZJrhyhsTw9-5BbhMiLdGoQCK4BGAYYCw%2fs1600%2f9.png&cdnurl=https%3a%2f%2fth.bing.com%2fth%2fid%2fR.00b8f2bd6d3fd3b7f973c43a33051738%3frik%3dfmiHdNUmT23uzQ%26pid%3dImgRaw%26r%3d0&exph=465&expw=532&q=missing+triangles+in+STL+file&simid=608010242581472867&FORM=IRPRST&ck=8761CDC370E7A387C0C56D19764CF437&selectedIndex=48&ajaxhist=0&ajaxserp=0
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Some alternative 
File Formats

Additive Manufacturing File (AMF) Format
• Contains five elements:

Object
Material
Texture
Constellation
Metadata

• Constellations copy bodies rather than the mesh
• It allows curved triangles
• Graded materials, sub-structures, microstructures, 

porous, and stochastic materials are possible.

3MF 
• “3D payload” contains all additional part data
• Creates instances of copied bodies rather 

than duplicating the mesh
• Reduced file size by 2-3x

• Efficient storage of beam lattices
• Support structures attached to part data
• Human readable

Direct Slice 
• Removes meshing format
• Greater model accuracy
• Checking and repairing routines elimination
• Pre-processing time reduction
• File size reduction
• Limited adoption in CAD packages
• Slicing time can take longer
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Meshing tolerances 
• Converting CAD model to STL, AMF or 3MF  formats risks 

data “degradation” 

• Tolerance setting;

Angle Control – maximum angular deviation between adjacent 
triangles

Chordal Tolerance/Deviation – the maximum distance between the 
surface of the original design and the tessellated surface of the STL 
model.

• Recommended to set the tolerance x 5 better than 
resolution of AM process

• For STL file Chord height setting of 0.01 mm to 0.02 mm 
recommended for most PBF processes

https://www.solidprint3d.co.uk/a-guide-to-stl-exports-for-3d-printing/
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File versioning

MTC’s file naming convention

To avoid confusion it is recommended to 
use a standard approach to file naming 
and version control 
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File Management

Model Register used to track the file versioning and exchange in one of the internal projects (Source: MTC)

• Large quantity of data generated for AM part makes it very difficult to track and trace the files 
manually using model register

• PLM/PDM system is potential solution
• Important to know who “owns” each type of data in AM process
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Digital Thread in AM

Source: https://www2.deloitte.com/insights/us/en/focus/3d-opportunity/3d-printing-digital-thread-in-manufacturing.html

Digital data management goes beyond design data and AM build files 
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PDM/PLM and MES systems

Generic Product Data Management (PDM) 
and Product Life cycle Management (PLM) 
systems might not consider all aspects of AM 
workflow

Manufacturing Execution Systems (MES) 
track and document components/assemblies 
through the manufacturing process. Enable 
scheduling of resources (people/machines), 
provide traceability, can feed into stock 
management, and can update people not 
involved in the manufacture of the status of 
the part.

PDM

MES
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PDM/PLM and MES systems for AM

• MES Systems (not exhaustive)PDM/PLM Systems (not exhaustive)
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Data Security

• Product data is commercially sensitive

• Customer may stipulate secure platforms /software for data 
transfer

• Penalties for breach as well as loss of reputation

• In some cases information is commercially sensitive and also 
has national security implications too! 
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National Security 

You may expect this if you are dealing with.. 

• Armed forces

• Police

• Security services

• Defence companies
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https://military.com

https://www.hampshire.police.uk/

https://www.neweurope.eu

https://www.neweurope.eu/


This project has been funded with support from the European Commission. This communication reflects the views only of the author, and the
Commission cannot be held responsible for any use which may be made of the information contained therein.

UK National Security 

Be wary if you receive an email or other communication marked 
OFFICIAL , SECRET, TOP SECRET

Government Security  Classifications  May 2018  Version 1.1 – May 2018 

If you don’t hold the appropriate level of security clearance do not open
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Export Control – What is it for ?

• Export control regulations are in place to prevent 
exchange of dangerous data, materials, or goods. 
Reasons include:

• National and global security

• Non proliferation and terrorism

• International legal obligations

• Human rights and internal repression
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Export Control - Legislation
• EU:

o EC Regulation 428/2009

• UK:
o UK Export Control Act 2002

o UK Export Control Order 2008

• USA
o International Traffic in Arms Regulations (ITAR)

o Export Administration Regulations (EAR)
NOTE: ITAR regulations  
apply to companies outside 
of the USA !!  
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Export Control – Penalties for breaking

• For the individual:
o Prosecution of company employees and directors

o Up to 10 years in prison

o Dismissal from employment

• For the company
o Program delays and additional costs

o Business trading restrictions and sanctions

o Fines of up to $1m per violation

o Reputational damage
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ppic.org
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Export Control – what is covered 

• Affects the ‘export’ of any tangible (physical) or intangible 
(electronic) goods

• Relates to hardware, technical information, drawings, CAD 
files, source code, software, or technical ‘know how’.

• Exporting controlled items including data usually requires an 
export licence 

• Some countries are also subject to sanctions or additional 
controls 
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Export control focuses on two categories of controlled 
items:

• Military Use - Specifically designed or modified for military use

• Dual Use - both military and civilian applications but not 
adapted for military use.  

Category 0: Nuclear materials, facilities and equipment
Category 1: Special materials and related equipment
Category 2: Materials processing
Category 3: Electronics
Category 4: Computers
Category 5: Telecommunications (Part 1) and Information 
security (Part 2)
Category 6: Sensors and lasers
Category 7: Navigation and avionics
Category 8: Marine
Category 9: Aerospace and propulsion

Dual use 
categories 
(US/EU)
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EXAMPLE – MTC GUIDELINES
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EXAMPLE – MTC GUIDELINES
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Useful further reading

• ISO/ASTM 52915:2016(E) Standard Specification for Additive Manufacturing File Format (AMF)

• ISOASTM52911-1-AM-Design-Part1_Laser-based powder bed fusion of metals

• Tolerancing from STL data: A Legacy Challenge

• https://www.sciencedirect.com/science/article/pii/S221282712030946X

• Digital Thread for Additive Manufacturing (DTAM)

• https://www2.deloitte.com/us/en/pages/public-sector/articles/digital- thread.html

• Building a digital twin for additive manufacturing through the exploitation of blockchain: A case 
analysis of the aircraft industry 
https://www.sciencedirect.com/science/article/pii/S0166361518308741

• Government Security  Classifications  May 2018  Version 1.1 – May 2018

https://www.gov.uk/guidance/uk-strategic-export-control-lists-the-consolidated-list-of-strategic-
military-and-dual-use-items

https://www.sciencedirect.com/science/article/pii/S221282712030946X
https://www2.deloitte.com/us/en/pages/public-sector/articles/digital-thread.html
https://www.sciencedirect.com/science/article/pii/S0166361518308741
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PARTNERS
Thank you & Questions ? 

www.skills4am.eu
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http://www.skills4am.eu/

