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@ Course Content

The second unit of module two is about the seven steps in Additive Manufacturing.
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PROCESS PLANNING

The sequence of operations required to move from design to realization is known as Process

Planning. A typical process planning is depicted in this slide and includes:

Generation of 3D model.
Conversion to STL format.
Computer Aided Manufacturing.
Check of STL and Slicing.
Support generation.

Additive Manufacturing.

Post processing.
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An industrial product has a typical lifecycle constituted of the four successive phases of

conception, design, realization and service.




INTRODUCTION

An industrial product has a typical
lifecycle constituted of the four
successive phases of conception,
design, realization and service.
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In this unit we can learn the steps of the typical lifecycle of an industrial product. In particular we
learn to know additive manufacturing processe and the basic steps and to apply, to adapt these

steps into real-life projects.

LEARNING OUTCOMES

To know Additive Manufacturing process and
basic steps.

To apply and to adapt the AM steps into real-life
projects.
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STEPS DESCRIPTION

In this slide, general workflow in Additive Manufacturing process is shown, from generation of 3D
model that include preparing appropriate CAD model, selecting required STL file resolution, up to

setting processing parameters for AM process.

Steps in Additive Manufacturing (AM)
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GENERATION OF 3D MODEL

Prototype shape definition drawn to CAD using a solid or surface three-dimensional modeler. In
other cases the three-dimensional model can be obtained starting directly from a physical object,

using the techniques of Reverse Engineering.

Step 1: Generation of 3D model

Prototype shape definition drawn to CAD using a solid or surface three-dimensional modeler. In other
cases the three-dimensional model can be obtained starting directly from a physical object, using the
techniques of Reverse Engineering.
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CONVERSION TO STL FORMAT

The file is converted to the Standard Triangulation Language (STL) format, a standard that
describes the object by decomposing the surfaces into triangles and forms the basis for calculation

of the slices.

Step 2: Conversione to STL format

The file is converted to the Standard Triangulation Language (STL) format, a standard that describes
the object by decomposing the surfaces into triangles and forms the basis for calculation of the slices.

ASCI| - STL STRUCTURE

solid name
facet normal ni nj nk
outer loop
vertex vlx vly vilz
vertex v2x v2y v2z
vertex v3x v3y v3z
endloop
endfacet
endsolid name

Switching to STL format involves an approximation of the original model. This approximation can
lead to 4 different types of errors:

MISSING FACES
DEGENERATIVE FACES
OVERLAPPED FACES

NON MANIFOLD CONDITIONS
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Step 2: Conversione to STL format

Switching to STL format involves an approximation of the original model. This approximation can lead
to 4 different types of errors.
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CAM OF AM SYSTEM

The manufacturing process parameters which differ according to the chosen technology are set.

The CAM (Computer Aided Manufacturing) system differs according to the specific AM process.



Step 3: Cam of AM system

The manufacturing process parameters which differ according to the chosen technology are set. The
CAM (Computer Aided Manufacturing) system differs according to the specific AM process.

Image éredit:_Rénishaw
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SLICING AND CURVES CHECK

The slicing operation consists in horizontally cutting the solid model in thin layers with a

predetermined thickness, generating the curves that distinguish between full and empty.

After slicing, the curves are checked to be free from errors caused by an invalid STL. If such errors
are present, they must be eliminated before continuing with the next steps. The elimination can be
done manually or more commonly through the use of specific software that eliminate the error by
further approximating the model.



Step 4: Slicing and curves check

The slicing operation consists in horizontally cutting the solid model in thin layers with a
predetermined thickness, generating the curves that distinguish between full and empty.

After slicing, the curves are checked to be free from errors caused by an invalid STL. If such errors
are present, they must be eliminated before continuing with the next steps. The elimination can be

done manually or more commonly through the use of specific software that eliminate the error by
further approximating the model.

The slicing operation consists in horizontally cutting the solid model in thin layers with a

predetermined thickness, generating the curves that distinguish between full and empty.

After slicing, the curves are checked to be free from errors caused by an invalid STL. If such errors
are present, they must be eliminated before continuing with the next steps. The elimination can be
done manually or more commonly through the use of specific software that eliminate the error by
further approximating the model.
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SUPPORT GENERATION

The supports generation has the purpose of supporting any protruding parts, facilitating
subsequent detachment from the table avoiding direct anchoring on it and avoiding distortion
obstacles. They must be able to support the weight of the piece and must be identifiable to
facilitate removal. They are generated by algorithms present in the CAM software. They are not
needed in all AM technologies.
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Step 5: Support generation

The supports generation has the purpose of supporting any protruding parts, facilitating subsequent
detachment from the table avoiding direct anchoring on it and avoiding distortion obstacles. They
must be able to support the weight of the piece and must be identifiable to facilitate removal. They
are generated by algorithms present in the CAM software. They are not needed in all AM
technologies.

avoid distortion phenomena

avoid direct anchoring on the elevator which would make it
difficult to remove the model

they must be strong to support the model's own weight

easily identifiable and removable

they must require reduced material consumption

automatic procedures available (via software)

TOOLPATH GENERATION AND BUILDING

The machine control software defines the path that must be taken to deposit or sinter the material
and complete the processing. Once the toolpaths have been generated, we will proceed with the
physical layer-by-layer construction of the object. Once the manufacturing has started, it takes
place automatically and does not require the constant presence of an operator.
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Step é: Toolpath generation and building

The machine control software defines the path that must be taken to deposit or sinter the material
and complete the processing. Once the toolpaths have been generated, we will proceed with the
physical layer-by-layer construction of the object. Once the manufacturing has started, it takes place
automatically and does not require the constant presence of an operator.

POST PROCESSING

During construction, the prototype is fixed to the work surface thanks to the presence of support
material or particular fixing structures. Once the fabrication is finished, mechanical operations,
manual and non-manual, are necessary to allow detachment from the building plan. In addition, the
support structures necessary for the support during the manufacture of the undercut parts are

removed by manual or chemical operations.
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Step 7: Post processing - Detachment from
manufacturing table and supports removal

During construction, the prototype is fixed to the work surface thanks to the presence of support
material or particular fixing structures. Once the fabrication is finished, mechanical operations,
manual and non-manual, are necessary to allow detachment from the building plan. In addition, the
support structures necessary for the support during the manufacture of the undercut parts are

removed by manual or chemical operations.

Image credit: Materialise

Step 7: Post processing - Detachment from
manufacturing table and supports removal

Post Processing

Build Removal Part Separation

Removing parts from the build plate, using EDM, band saw

Removing excess material from the build inside the printer
or machining

(e.g. in powder bed processes)

Removing the build from the printer Removing parts from e:frr;‘:-:stzg if attached for nesting

[ 2

Inspection for accuracy, potential delamination, surface ';?m::’;n%so‘;nggsdggr gdrxr\git’x‘a"l‘vgan(s. °ﬂg; r;c::‘;gmg'
uality, support attachments, etc Ppers, y ing {Supp: bt

q ' » can also be completed in secondary machining steps)
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Step 7: Post processing - Detachment from
manufacturing table and supports removal

Post Processing

Machining

Surface Finishing

Machining to remove remaining supports, smooth
surfaces, add critical features, and hit critical tolerances

J

Polishing surfaces where surface roughness
requirements were not achievable from machining

r

Custom fixtures may need to be created to hold printed
parts for secondary operations. If the part geometry is

Intensive to design and manufacture

B

complex or organic, these fixtures can become resource

~\

.

Tumbling or Shot peening to smooth and/or work
harden surfaces, or mitigate issues with loose powder
on unfinished surfaces

Step 7:

Post processing - Detachment from

manufacturing table and supports removal

The roughness affects the fatigue life

performance.

Indeed, the picture highlights:

The different order of magnitude
for the roughness.

mraximum Stress (Mpa)
& . .

The wohler curves for stainless
steel 316L considering different

S-N of curves summary 3161
polished, machined, as built

Surface roughness profiles

polished
- Sum

muchired

as-bealt

level of post processing.

14

1E+06
Cycles to Fail




Step 7: Post processing — Detachment from
manufacturing table and supports removal

Parameters SLM DED EBM
Speed of production 5-20 cm™3/h (40-160 | until to 70 cm™3/h until to 60 cm™3/h
g/h)
Accuracy from +-0.02a +-0.05 | from+-025a+-05su25 from +- 0.1 to +-0.5su 25
su 25 mm mm mm

Minimum feature from 0.04 to 0.2 mm from 0.5 to 1.0 mm from 0.3 to 0.6 mm

Surface Quality from 4 to 10 pm from 7 a 40 pm from 10 to 30 pm

Maximum Dimensions 800 x 400 x 500 mm 2000 x 1500 x 750 mmm @350x380 mm

Machining Allowance 0.5-1mm 3-5 mm 2-4 mm

Minimum diameter of hole @ 0.25 mm & 1-4 mm @ 0.5mm

For further information and contact details, have a look here:

ITS Aerospazio Puglia
https://www.itsaerospaziopuglia.it/
Cittadella della Ricerca S.S.7 km 7,300
72100 Brindisi (BR)

Puglia, Italy

University of Salento

Department of Engineering for Innovation
https://www.dii.unisalento.it/

Complesso Ecotekne - Edificio “Corpo O”
Via per Monteroni

73100 LECCE (LE)

Puglia, Italy
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Funded by the European Union. Views and opinions expressed are however those of the author(s)
only and do not necessarily reflect those of the European Union or the European Education and
Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held
responsible for them.

This document is available under the Creative Commons CC BY-NC-SA 4.0 licence.

You are free to:
Share — copy and redistribute the material in any medium or format

Adapt — remix, transform, and build upon the material

The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes
were made . You may do so in any reasonable manner, but not in any way that suggests the licensor
endorses you or your use.

NonCommercial — You may not use the material for commercial purposes .

ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.

No additional restrictions — You may not apply legal terms or technological measures that legally
restrict others from doing anything the license permits.

Notices:

You do not have to comply with the license for elements of the material in the public domain or where
your use is permitted by an applicable exception or limitation .

No warranties are given. The license may not give you all of the permissions necessary for your
intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you
use the material.

More information at: https://creativecommons.org/licenses/by-nc-sa/4.0/
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