
Additive Manufacturing of Metals

Lienz | November 23, 2024

Ing. Dominic Zettel, BSc MSc



2Additive Manufacturing of Metals

Dominic Zettel

June 2019 Junior Researcher | CUAS | AMAVIS²

3 years Quality Engineer, Auditor | Flowserve 

8 years Quality Engineer | Kostwein

2014-2017 Bachelor of Science | Industrial Engineering | CUAS

2017-2019 Master of Science | Industrial Engineering | CUAS

2020 Dissertation - DMLS | CUAS, AMAVIS²

2019 AM Engineer | Additive Minds (EOS)



3Additive Manufacturing of Metals

AMAVIS²
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Cooperation & Collaboration
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Source: blog.eqs.com, 2019

What is your experience with 3D-printing?



6Additive Manufacturing of Metals

Fundamentals

DMLS

Powder 
material

Design 
Guidelines

Part Screening

Overview

Case study

Postprocessing



7Additive Manufacturing of Metals

Fundamentals



What is Additive Manufacturing?
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Source: naturparkmagazin.de, 2019

→ Inspired by nature (bionics)

→Natural phenomena work by adding material (layers) only where required

Source: apotheken-umschau.de, 2019

Source: baumportal.de, 2019

Source: pixabay.com, 2019

Additive Manufacturing of Metals



Additive Manufacturing of Metals, 9
Source: intratec-schmock.de, 2019 Source: 3dnatives.com, 2019

Additive 
Manufacturing

VS. 
Conventional

Manufacturing 

Removal of excessive material

Material waste

Geometric restrictions

Tools required (e.g. milling tool)

Material only added where required

Re-use of material

No geometric restrictions

No tools required
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Conventional Manufacturing

• Removal of material (Raw material)

• Difficult integration of several functions

• Design within the limits of producibility

Additive Manufacturing

• Addition of material

• Easy integration of several functions

• Design for the function of a part

→The design for AM focuses on the function of a part and not on its production possibilities!

Challenge for the designer



Characteristics of Additive Manufacturing
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

→ Compared to conventional manufacturing, AM has strong advantages regarding complex parts and small volumes



Characteristics of Additive Manufacturing
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→ Productivity of AM technologies increaseses by a factor of 8-10 in the next 5 years

Source: Additive Minds, 2019, Workshop



Characteristics of AM
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Source: plm.automation.siemens.com, 2019

Additive Manufacturing of Metals

Source: imperial.ac.at, 2019

Complex 
geometries

Complex structures based on Generative Design!



Characteristics of AM
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Complex 
geometries

1cm



Characteristics of AM
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Complex 
geometries
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Source: eos.info, 2019

Additive Manufacturing of Metals

Cases & Best practices

Customization
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Source: eos.info, 2019

Source: eos.info, 2019

Source: hslu.ch, 2019

Cases & Best practices

Functional 
integration

Source: digital-can.com, 2019



Conventional repair

Additive Manufacturing
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Source: industrial-lasers.com, 2019

Cases & Best practices

Hybrid 
constructions
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Cases & Best practices

Hybrid 
constructions



Hybrid 
constructions

Characteristics of Additive Manufacturing

20Additive Manufacturing of Metals

Highly innovative AM application
Complex 

geometries

Functional 
integration

Customization



Enterprise „Additive Manufacturing“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“



Enterprise „Additive Manufacturing“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“



Enterprise „Additive Manufacturing“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“



Enterprise „Additive Manufacturing“
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Source: Gartner Emerging Technology Hype Cycle, 2017

Additive Manufacturing of Metals

→ We have now reached the „Plateau of Productivity“



Additive Manufacturing Technologies
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Source: 3dhubs.com, 2019

Additive Manufacturing of Metals

DIN EN ISO / ASTM 52900:2018
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Direct Metal Laser Sintering



Powder Bed Fusion
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Source: spilasers.com, 2019

Process

• Laser beam fuses selected
areas of a powder bed

Markets

• Rapid prototyping

• Serial production

Advantages

• High mechanical properties

• High detail resolution

Disadvantages

• Limited build space

• High costs



Powder Bed Fusion - Examples
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Source: eos.info, 2019

Additive Manufacturing of Metals

Source: 3dhubs.com, 2019

Source: cadalyst.com, 2019
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Powder Bed Fusion



Additive Manufacturing Technologies
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Source: Additive Minds, 2019, Workshop

DIN EN ISO / ASTM 52900:2018 | Additive manufacturing – General principles – Terminology

Additive Manufacturing of Metals



Direct Metal Laser Sintering (DMLS) Systems
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Video anfordern M290
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Mechanical system – EOS M290

Source: Additive Minds, 2019, Workshop



35Additive Manufacturing of Metals

Mechanical system – EOS M290

Source: Additive Minds, 2019, Workshop



Additional systems/tools
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Source: ruwac-asia.com, 2019

Additive Manufacturing of Metals

Wet separatorLifting trolley

Gas supply

Source: bunnings.com, 2019 Source: saekulum.de, 2019Source: hroberts-di.com, 2019

SpatulasDial gauge

Vacuum module

Source: eos.info, 2019 Source: hroberts-di.com, 2019

Sieving module

Source: eos.info, 2019

Feeler gauge

Source: rs-online.com, 2019
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Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop
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Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop
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Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop
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Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop



41Additive Manufacturing of Metals

Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop
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Machine setup – EOS M290

Source: Additive Minds, 2019, Workshop



Safety instruction
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

(EN 407)

(EN 374) (EN 166)

EN 61340-4-3) ESD
(Filter category P3)

→Danger of explosion and health hazard due to powder material!
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Powder Material



Powder material
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Source: amp-powders.com, 2019

• Particle size: 10-75µm (depends on system)

• Reusable (Filter)

• Storage: dry & inert atmosphere

Additive Manufacturing of Metals

• Mechanical strenght tests

• Chemical analyses

• Powder flowability

• Particle distribution

• Bulk- and tap density

Qualified materials:

→ Powder and machine parameter are development simultaneous! 
Source: konstruktion-entwicklung.de, 2019

In general:

Source: amp-powders.com, 2019



Powder material
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Source: eos.info 2019



Powder material
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Source: eos.info 2019



Powder material
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Source: eos.info 2019



Powder material
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Source: eos.info 2019



Powder material
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Source: eos.info 2019



Powder material
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Source: eos.info 2019



Powder material

52Direct Metal Laser Sintering

Source:metals4printing.com , 2020



Powder material

53Direct Metal Laser Sintering

Source:metals4printing.com , 2020



Powder material
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Source:metals4printing.com , 2020



Powder material
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Source:metals4printing.com , 2020



Powder material

56Direct Metal Laser Sintering

Source:metals4printing.com , 2020



Powder material

57Direct Metal Laser Sintering

Source:metals4printing.com , 2020
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Design Guidelines



Design process
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Functional 
requirements

Data preparation Design guidelines Machine settings



Upskin / Downskin
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

30° 35° 40° 45°

Example: Downskin surfaces• The Up- and Downskin effect occurs within the
layer based part generation

• Down facing segments of a part result in a lower
surface quality

• Only downskin surfaces can be supported

• Up facing segments of a part enable sharp edges
and a high surface quality

→ Because AM parts are generated layer by layer, 
characteristic surfaces occur!   



Part orientation
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Stepping effect

• Geometric incurracy compared to original part

• Visibility and size depending on layer thickness
and part orientation

• Impact on: - dimensional accuracy
- surface quality
- detail resolution

→ To avoid steps on the surface, the angle of the
plane should be 0° or > 20° to the XY-plane



Support structure
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Source: sciencephoto.com, 2019

Additive Manufacturing of Metals

… attach part
to platform

… support steep
angles/overhangs

… conduct
heat away

→ The purpose of support structure is to…



Support structure - Examples
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Source: old.rapidreadytech.com, 2019

Additive Manufacturing of Metals

Source: konstruktionspraxis.vogel.de, 2019



Support-free overhanging surfaces
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

• Minimum self-supporting angles:
- Stainless steel: ~30°
- Inconel: ~45°
- Titanium: ~20°-30°
- Aluminium: ~45°
- Cobalt Chrome: ~30°

• Critical angles may require considerable
post-processing due to the rough surface

→ Smart orientation/part design can reduce or
even eliminate the need of support structures!
(reduction of time and costs)

rough surface



Creation of Support Structure
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Source: Google, 2019, (Logos)

Additive Manufacturing of Metals

Standard CAD-program Special software

Support structure



Examples of different support structure
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Source: machinedesign.com, 2019

Additive Manufacturing of Metals



Support-free overhanging surfaces
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• In general
Horizontal overhangs can be supported 
from the base→ requires energy/material

• Better solution
Support the overhanging surface from the
main geometry at an angle 

• Best solution
„Integration“ of the support structure into
the geometry of the part

Bad example: support needed for overhanging surfaces

Good example: support-free part design

→ Smart design can avoid unnecessary support structure!



Support Structure
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Source: materialise.com, 2019 Source: ilt.fraunhofer.de, 2019

Support structure…

… adds complexity to a part

… rises the material consumption

… lowers the surface quality

… requires additional post-processing

… lowers the economic efficiency



Holes
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„Bad“ example:

Good example:

→ Smart design reduces post-processing effort!

Support structure

• Supports can improve the roundness and 
the microstructure in down facing
overhangs

No support structure

• Holes with angled or arched upper area will 
probably not require any support

• This feature of DMLS can have a significant
impact on the overall design process



Smart solution – support structure
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Support required

Source: Additive Minds, 2019, Workshop



Smart solution – support structure
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→Additional part to hold and remove support

Source: Additive Minds, 2019, Workshop



Smart solution – support structure
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Source: Additive Minds, 2019, Workshop



Smart solution – support structure
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Source: Additive Minds, 2019, Workshop



Holes
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Horizontal holes:

Vertical holes:

Source: Additive Minds, 2019, Workshop

→ The minimum diameter of a hole is depending on the
wall thickness and on the length of the feature!

• The size of bore holes limits the powder removal and the
thermal distribution

• The quality of vertical holes is higher than horizontal holes

• In general: Bore holes Ø > 2mm



Holes
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Detail Resolution

• Horizontal holes/passages can be build

• Problems:

- Sagging

- Rough top surface

• Limitations:

Ø > 8mm needs support

Ø < 0.5mm cannot be build

• Solutions:

- Post-machining

- Abrasive Flow Machining

- Micro Machining Processing (MMP)

Specimen: Ø 0.5mm – 1.2mm

Source: firstsurface.co.uk, 2019



Aspect Ratio
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Good example: Bad example:

Source: Additive Minds, 2019, Workshop

• Minimum reliable pin diameter: 1mm

• Pin diameters < 1mm are producible but with
losing detail resulution due to contour sharpness

• Aspect ratio: Height/Diameter < 8:1

8

1
Source: Additive Minds, 2019, Workshop



External Threads
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

• Female/male threads > M8

• Female/male threads < M8 possible
→ post-processing

• Limiting factors:
- Aspect ratio (male threads)
- Shape of thread
- Tested only on EOS M290

→ The decision between conventional thread cutting and AM 
depends on the quality requirements / function of the part!



Part orientation
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• The orientation of parts on the platform influences the…

… quality

… quantity (nesting) 

… build-time (recoating)

… post-processing (support)

Economic efficiency

• The order in which parts are exposed by the laser
should be controlled due to following factors:

- Condensate

- Splashes

- Laser Obstrution by smoke

- Material properties

Part quality



Part orientation
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Bad example:

Good example:

Alignment to the recoater

• Parts should not be aligned parallel to the recoater

• Flat surfaces need to be positioned at a 5° angle to the blade
(single point of contact – not a whole line)

Bad example: Good example:



Part orientation

80Additive Manufacturing of Metals

X

Y Z

→ Parts should not grow towards the recoater

→ Sharp edges should not be oriented towards the recoater

During the recoating process, the recoater blade exerts
forces on the support/part when it gets in contact with:

• Bulged areas due to internal stresses

• Clumps and splashes of unintentionally sintered powder



Part orientation
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• Setting up a part for the upcoming printjob
is one of the most important steps in the process

• Within this step, decitions are made regarding the …

… costs

… quality

… buildability

… post-processing

→ Therefore, to prepare the printjob in a structured way,
the influencing factors have to be understood!



Part orientation
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Costs: Build time

• The time of the build process depends on the
z-height of the (highest) part on the platform

• The build time results from…

… the number of layers (recoater passes)

… the layer thickness

→ Minimize the maximum z-height of the
print job to reduce build time!

Y

X

Z



Part orientation
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Costs: Powder amount

• The orientation of the part affects the amount of…

Y

X Z

… support structure

… lost powder material inside the support structure

→ Avoid downfacing areas for less additional 
support structures!



Part orientation
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Costs: Nesting

Nesting = Placing as many parts on the platform as possible
(higher productivity)

Y

X Z

Influencing factors:

• Orientation of parts (free space for support structure)

• Process quality of each part (prevention of job crash)



Thermal process
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

• DMLS is a metal melting process (no „sintering“)

• Significant stresses occur in the parts due to
inhomogeneous temperature distribution

Effects:

- Cracks in the part

- Distortion & Warpage

- Dimensional accuracy

- Process stability

Impact on:



Shrinkage
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Top View: Top View:



Exposure strategies
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Source: Additive Minds, 2019, Workshop



Exposure strategies
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals



89Additive Manufacturing of Metals
Source: theedgemarkets.com, 2022
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Part Screening & Selection Methodology



Part Screening
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Source: tetrapak.com, 2019

Additive Manufacturing of Metals

→ The process of identifying and evaluating parts with potential for Additive Manufacturing

→ Based on existing part designs that are produced via conventional manufacruting technologies

→ Part Screening Level depends on data quality

Source: guh-group.com, 2019

Source: zeltwanger.de, 2019

Data volume



Part Screening
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Source: amp-powders.com, 2019

Additive Manufacturing of Metals

Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation



Part Screening

93Additive Manufacturing of Metals

Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: m.esa.int, 2019

Sentinell-1B Satellite
AM know-how

• AM Processes

• Materials

• Design rules

Brainstorming

Source: morf3d, 2019

Individual process know-how

• Process parameters

• Quality requirements

• Environmental influences



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: m.esa.int, 2019

Sentinell-1B Satellite
What are the „Pain Points“?

Source: morf3d, 2019

Development/Production costs

Lead time / Cycle time

Long-term costs



Part Screening
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Realization

• < 1% of stock list

• Direct realization of existing design

Redesign

• 20-30% of stock list

• Redesign required for economic
efficiency

On-hold

• 70-80% of stock list

• Further evaluation after certain
period due to technical progress

Source: morf3d, 2019



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Additional information

• Conventional design hard to manufacture

• Antenna has important function, but 
redundancy makes it less critical

• Size

• Material

• Quality requirements

Source: morf3d, 2019

380 x 360 x 180

Aluminium

Medium

MediumTechnical fit



AM cost per part Estimation

Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Build time per part 60 h

Machine cost per hour 60 €

Machine cost per part 3,600 €

Material per job 2.08 kg

Material price per kg 80 €

Material cost per part 166.40 €

Total cost per part 3,766.40 €

Complexity

• Geometric complexity: medium

• Manufacturing complexity: high

Value add

AM could be used to solve
pain points and therefore add
value to the application

Pain points satellite:

• High costs

• Long lead time

• Heavy weight

- More than 20 single parts

- Many welding operations

- High effort for inspection



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Conventional costs: 1,300€
AM cost estimation: 3,766€

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Conventional costs: 1,300€
AM cost estimation: 3,766€

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Conventional costs: 1,300€
AM cost estimation: 3,766€

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Conventional costs: 1,300€
AM cost estimation: 3,766€

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Conventional costs: 1,300€
AM cost estimation: 3,766€

Source: Additive Minds, 2019, Workshop

→ ~2.9x higher production costs might be   
justified by leveraging advantages of AM 



• Complexity

• Costs per part

• Pain points

Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Medium

~ 2x conventional

High

Pain points customer

• More than 20 single components

• Quality issues

• Time to market

MediumEconomic fit
Source: morf3d, 2019



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop

Source: morf3d, 2019



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Source: Additive Minds, 2019, Workshop



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test Source: Additive Minds, 2019, Workshop

Upskin

Downskin



Part Screening
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test



Part Screening

121Additive Manufacturing of Metals

Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test

Source: konstruktionspraxis.vogel.de, 2019

Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test

Source: Additive Minds, 2019, Workshop
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test

Source: Additive Minds, 2019, Workshop

Laser strategies:
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test

Source: rohde-online.net, 2019
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test

Source: Additive Minds, 2019, Workshop

Source: Additive Minds, 2019, Workshop

Original

Nut shells

Ceramics

Steel beads

Special
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Know-how Technical fit Economic fit Application Business case Prototype

High-Level Suitability Detailed evaluation Part productionPreparation

Part design

• CAD Model

• Design rules

Preprocessing

• Setup of printing system

• Part orientation

• Support structures

Printjob

• Process parameters

• Load file – start job

Postprocessing

• Thermal treatment

• Mechanical treatment

Analysis

• Dimensional inspection

• Functional test
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Case study

ECONOMIC FEASIBILITY STUDY OF THREE-DIMENSIONAL PRINTING

PROCESSES WITHIN THE FIELD OF SPARE PARTS PROCUREMENT
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Case study
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Case study
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Source: sap.com, 2019
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Case study

Source: Additive Minds, 2019, Workshop
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form
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Few materials make up a high 
proportion of the total consumption

→ Borders can be individually
specified by the enterprises

→Classification according to total material value

A B C

EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form
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X-Parts:   Regular consumption
→ high forecast quality

Y-Parts:   Variation of consumption
→medium forecast quality

Z-Parts:   Unregular consumption
→ low forecast quality

C𝑜𝑒𝑓𝑓𝑖𝑧𝑖𝑒𝑛𝑡 =
𝜎 (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛)

ത𝑋 (𝑚𝑒𝑎𝑛)

Source: Heiserich, Otto-Ernst; Helbig Klaus; Ullmann, Werner; 
Logistik – Eine praxisorientierte Einführung – Page 115

Period Part 1 Part 2 Part 3

1 9 34 55

2 11 40 65

3 12 36 61

4 11 46 70

Standard deviation 0,96 5,29 33

Mean 10,75 39 46,75

Coefficient 9% 14% 71%

X
  10%

Y
  25%

Z
> 25%

EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form

→Classification according to consumption
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EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form

High material value/ 
High forecast quality

High material value/ 
Low forecast quality

Low material value/ 
Low forecast quality

Low material value/ 
High forecast quality
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Sequence of processing

→ This approach requires a precise stock list including relevant data!
(material, size, weight, price, delivery time, consumption per perios, etc.)

EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form
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Single parts: 181

Material: 1.4542 (stainless steel)

Hardness: 40 HRC

Procurement costs: 1,500 €

Dependence on supplier -> very high

EcoTech Matrix ABC Analysis XYZ Analysis
ABC-XYZ 
Analysis

AM Suitability Value-oriented Consumption-based Mixed form



141Additive Manufacturing of Metals

General spare 
parts list

Spare parts
groups

Specific spare 
parts list

Quick wins Prototype
Business 
process

Preparation
of database

extract

Classification 
of spare parts

Screening of
spare parts

Prioritization
of spare parts

Prototype 
production

Analysis of
procurement

scenarios

Case study

Source: Additive Minds, 2019, Workshop

Hybrid 
construction
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MillingTurning Cutting Welding

Conventional Manufacturing

Case study
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Printed structure

Platform

Basic body

Additive Manufacturing

Case study
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Printed structure

Platform

Basic body

Additive Manufacturing

Case study
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Case study
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Conclusion

Cost reduction: 53%

Reduction of production time: 94%

No dependence on supplier!

Process development

Improvement of part Quality:

AM partConventional part

• Homogeneous structure

• Measurement accuracy

• Optical appearance

Case study
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Case study

General spare 
parts list
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Part Screening

Data 
preparation

Prioritization

Preparation
of checklist

A
M

ERP

Design/ 
Redesign

Yes

Preprocessing

Prototype/Part 
production Postprocessing

Part to
stock

Verification 
ok?

No

Yes

Analysis

- In-house production

- Outsourcing 

Case study
Process/part development
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AM part?

Pu
rc

h
as

in
g

R
&

D

Demand for
spare part

Yes

No

Part Screening

Data 
preparation

Prioritization

Preparation
of checklist

A
M

Check of
data base

Traditional
purchasing

ERP

Design/ 
Redesign

Yes

Preprocessing

Prototype/Part 
production Postprocessing

Part to
stock

Verification 
ok?

No

Yes

Analysis

Fulfilment of demand

- In-house production

- Outsourcing 

Case study
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Postprocessing



Postprocessing
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Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments
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Source: Additive Minds, 2019, Workshop

The removal of the printed job is a critical step that affects:

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

• Turnaround time

• Part Quality

• Powder quality

• Powder losses

Finished printjob Powder removal Dismantling of platform Removal of plattform
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Source: rohde-online.net, 2019

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

• Stress reduction

• Hardening

→ Stress relief annealing is sometimes necessary to reduce internal  
stresses in the parts/platform due to uneven laser exposure

→ Heat treatment depends on the expected final properties

Methods: 

Thermal treatment is often required for: 

• Electric furnace
(air/protective gas box)

• Vacuum furnace

• HIP (Hot Isostatic Pressing)

Source: Additive Minds, 2019. Workshop
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

• Stress relief annealing/hardening
might cause scale and annealing
colors
→ removable via blasting

• Inert atmosphere can reduce scale

• Trapped powder must be removed
or the heat will cause it to cake

Source: Additive Minds, 2019, Workshop

Scale Annealing colors
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Wire cutting

• Cut width > 0.5mm

• Typical residues remain on building platform

• Functional surfaces can be generated

• Do not use wire cutting for hollow sections that
contain powder (wire gets damaged)

• After machining, the platform can be reused

Source: Additive Minds, 2019, Workshop

→Wire cutting already has to be considered during
the positioning of parts on the platform!

Typical part residues
on platform

Specific wire path along
the platform

Different shapes can be
realized at once



Sawing

• Band saw

• Functional surfaces can be generated

• After machining, the platform can be reused

• Once sawn off, the individual parts are post-
processed in their own way

Postprocessing
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Platform (EOS M400)

Individual parts

Saw blade



Other methods

• Hammer and chisel

• Rotary tools (e.g. Dremel)

• Separation by hand

Postprocessing
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Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

• Only applicable if parts are supported

• Used for smaller parts

• Risk of damaging parts
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Support removal

Source: Additive Minds, 2019, WorkshopSource: Additive Minds, 2019, Workshop

• Separation of support structure from actual part via hand tools (Rotary tools, knippers,…)

• Post-processing effort can be reduced by smart design! (part orientation)
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Blasting

• After removal of support structure

• Cleaning the part from residues

• Homogenous & shiny surface

• Compression of surface possible

(e.g. aluminium)

Original

Nut shells

Ceramics

Steel beads

Special

Source: Additive Minds, 2019, Workshop
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Source: Additive Minds, 2019, Workshop

Additive Manufacturing of Metals

Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Machining

• Milling / Drilling

• Especially for functional surfaces
(dimensional accuracy)

Source: Additive Minds, 2019, Workshop
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Unpacking of 
printjob

Thermal 
treatments

Mechanical 
treatments

Micro Machining Process (MMP)

Source: firstsurface.de, 2019

Source: slideshare.net, 2019

Source: firstsurface.de, 2019
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