Laser Beam Melting
Additive Manufacturing
TrainingProgramme

MATIOMAL ADINTIVE MANUFACTURING
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Introduction

NAMIC intends to support Singaporean companies in Additive Manufacturing (industrialization
phase). The application for all companies is spare part manufacturing for the aeronautic sector.
The training programme should focus on the Laser Beam Melting technology (LBM, also known a
SLM) andbn aluminium material.

CETIM has worked on metal additive manufacturing for the past 12 years. We have contributed to
the development oimore than 100 industrial applications, especially on LBM technology for the
defence, medical and aeronautic sectors. For this training, we propose to work together with our
industrial parther WE ARE ACADEMY who has developed a huge experience in aero iC
applications including MRO and industrial AM production for more than 5 years now. ﬂ'&?j@;

This training programme is based on our standard training modules and is adapted to the
aeronautic sector and trainee applications.
Each module is integrating real examples to illustrate the theoretical courses.

After each module package (1,2,3), (4), (5,6,7), the trainees will work on their specific application
as defined together during the audit (0).

At the end of the training programme, each trainee will get an official training certificate.
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Prerequisites

ﬂrraining environment definition : \
- Software set availabl@see training module details for our preferred solutions)
- If no software is available, trial versions oor«cloud» solutions can be selected
from partners.
- Printer ChOiCe(see training module details for our preferred solutions)
- Training can be adapted to a specific machine or cover a range of models.
\ - Depending on the selected printerow hand» training can be performed. j
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Advantages of combined offer

Benefits from the combination of two specialists, integrated in the AM Value CA
Know-how of :

- Powder

- Engineering

- Printing in industrial environment

- Control and test

- Post processing )




Training programme

O- Industrial audit 3 days

1- Additive Manufacturingintroduction 2 days

2- Design for additive manufacturing 5 days
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Application (on customer parts) 5 days

Training
program

3- Numerical manufacturingoreparation 5 days

4- Manufacturing process LBM

Application (on customer part) 5 days
5- Post processing 3 days
6- Control 3 days
7- Qualification approach 2 days
74

[ Design & Production support 20 to 60 days ]

e Nota: On all training modules : 10 trainees maximum per session
[ EASA Qualificatiosupport 20to 60 days ] On modules 3 and 4 : 5 trainees maximum per session, due to practical exercises
Application modules : At least one customer application per company

/
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0- Industrial audit
mdit content: \ a

- OneCetimAdditive Manufacturing expert will visit all the companies that should be trained &
and meet the trainees ) «

He will then identify the:
-¢N> AYySSa tS@Stx OO2NRAYy3 (2 Ittt GNYAYAYPR Y2RdzZ S& 0
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- Maturity level of the internal procedures
- Application definition for each company (to be treated during the training pracicaicice$
- Powder availability
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- Answer to specific questions and needs on the training content

\_ /

[ Audit time : 3 days(defined for 3 companiest:mustbe increased if more than 3 companies traine(}




1- Additive technology introduction (AM) %

o N ¢ }

- Metal AM Technologies &
- AM advantages and limits «

- AM main actual applications
- Economical considerations

- Technology choice for specific application 5 g
- Software overview — oD —
- Actual standards D|\/||_S CLAD

At the end of this module, the trainees are able to
define the global ability of parts for AM
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Training time : 2 days

Trainee level required :
- None

Required for training :
- Internet connection
- Training room




2- Design for additive manufacturing S %
Topologic optimisation
Gaining content \

- Functional analysis method * é a

- o /
- Data sheet analysis method

- AM process choice

- Full manufacturing process definition

- Design rules for LBM

- Design customization for LBM manufacturing
- Topologic optimization
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At the end of thismodule, thetrainee is able to create
or adapt the design of a part to be made by LBM Z

Training time: 5 days(5 traineesmaximumper session)
including practical exercises

Trainee level required

- Mechanical desigbasics
- Mechanicdasics

Required for training o
- 1 computer per trainee
- PreferredSoftwaregMagics Inspire, 3DXperience)

J
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Customer application

Content:

- Work on customer application defined during
the audit (0), together with the trainees

- Realize a first concrete 1@esign project

- Shared Resources project to reach your
objectives

- Use of engineering worldwide team synergies, if
necessary
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uz o
COST & WEIGHT IMPACT

¢CKA& Y2RdzA S Ffft26a GKS
dedicated service to accomplish a real project
supported by experts, in order to grow skills.

Trainee level required
- Depending on resource sharing

Required for training
- Training room
- Internet connection




3- Numerical manufacturing prepare

Gamlng content \ Manufacturing strategy a
- LBM machines operating principle

- Part orientation strategy

- Manufacturing stress considerations

- Support geometry / definition

- Manufacturing parameters choice

- Manufacturing parameters influence on part
jdz t AGe@ 63S2YSGNBI NRdIzAK
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At the end of this module, the trainee is able to
prepare LBM manufacturing of a part

Training time: 5 daysg(5 trainees max per session)
including practical exercises

Trainee level required
- Mechanical desighasics
- Mechanicdasics

Required for training

-1 computer per trainee
- Magicssoftware is preferred
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4- Manufacturing process : LBM

Gaining content \

- Filemanagement
- Health and safety rules
- Machine parameters and use
- Manufacturingparameters choicéor LBM
- Powder management including :
* powder preparation
* powder removal
* powder recycling
- Manufacturing survey

At the end of thismodule, thetrainee is able to
preparethe manufacturing of a part to be made by LBM

Training time: 5 days (5 trainees max per session)

Trainee level required
- LBM technologyasics

Required for training

- Powder and manufacturing accessories
-1 SLM280 or 1 EOS M28@ferred machines
(others on request)

SLM SOLUTION :
SLM280HL




Customer Application

Content:
- Assisting your production team in your workshop
- Assessing performances and results of machineg
- Conducting trials, prototypes and small series
- Advising the team for quality improvement
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production experience, especially on LBM technology i
your workshop to support your first prints.

Supporting Time 5 Days

Trainee level required
- Depending on resource sharing

Required for training
- Training room
- Internet connection




5- Post processing

ﬁaining content \

- Post processingtepsdefinition

- LBM metallurgy

- Heat treatment according to mechanical
characteristics (focus on aluminium materials)

- Supports removing

- Powder removing

- Part finishing

- Part cleaning

Metallurgy

-
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At the end of this module trainee is able to define the
full manufacturing cycle of LBM parts including
finishing operations o 22
Tra|n|ng time: 5 daygs trainees max per session) MaChmmg Heat treatment
including practical exercises

Trainee level required
- Mechanical design bases
- Mechanics bases
Required for training

- 1 computer per trainee
- Magicssoftwareprefered




6- Control

ﬁaining content \

- Control requirement definition according to part
data sheet

- Powder characterisation

- Metallurgical characterisation

- Mechanical characterisation (Static, dynamic,
FIL G0A3dz2Sx ONJ O1Ay3az NBaaft

- Geometrical control methods (metrology,
02Y23INI LIKE X0

- Roughness checking methods Tomography

LY FEdzSyOS FIFOG2NARA O6NPREzZAKY §

- Cleanliness control Wi
At the end of this module, the trainee is able to define
the tests procedure to control LBM part quality

Training time: 3 days

Trainee level required Powder definition
- LBM technologjz)asics

Required for training
- Internet connection
- Beamer
- Paper board

%

Roughness

y«.&/'

Default analysis
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7 - Qualification approach

ﬁraining content

- Types of Qualificationgachine, powder, parts)
- Analyse of previous steps specification
- Impact on lead time and final price

- Risk analysis & feedback
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At the end of this module, the trainee is able to
understand how to build and follow a set of
specifications leading to EASA qualification

Training time: 2 days

L LT
Trainee level required Fanhy B
-Manufacturing cycle it e
Required for training g
- Training room = “_ril e
- Internet connection
- Beamer

- Paper board

. J




Design & Production support

Content:

- Accompanying in the Industrialization process
- Accessing to production means
- Assisting to the completion of necessary steps

Lo
N
E
=9
<
(oe]
—
o
N

This module is to create a common taskforce for
running industrialization for production of a part, in
prototype or series

Training time: 20 daygincluded in this quotation)

Trainee level required
- ALM Production and quality

Required for training

E Default -> S;:ah -> Change -> Printin
- Productioncenter g 9




EASA Qualification support

Content:
EASA qualification, especialtyclass3, is specifido
each application. It requires deep experience in varioug
technical fields. We offer to :

- Accompanying in the Qualification process

- Support resource shared team

- Assisting to the completion of necessary steps
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This module is to create a common taskforce for
running qualification, based on customers requirement

Training time: 20 daygincluded in this quotation)

Trainee level required
- ALM Production and quality

Required for training
- Productioncenter




