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1.

INTRODUCTION.

The project “ERASMUS3D+: Training material for developing 3D printers” (project E3D+) –
co‐funded by the European Commission Erasmus+ KA2 program, is focused on the creation of
an international vet training program on 3D Printing.
It is a flexible learning pathway, that responds to the needs of learners and enterprises from
industrial sector which use this kind of technology.
Four partner organizations from Germany, Italy, Spain and Slovenia were involved in
creating and establishing a collaboration that ended up in the creation of several outcomes, all
aimed at the development of specific, basic and transversal competences and skills relevant for
the 3D printing industry, such as management, entrepreneurship, leadership, digital skills and
language competence in the field of education and training, through pedagogical approaches,
developed in the different intellectual outputs.
By this guideline, we want to describe the training pathways made by the consortium of E3D+
project and support the trainers using the training modules and the tools made.
In short, with this document we want to clarify goals and aims our training materials tends to
achieve and to which educational and learning needs they are addressed to.
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2.

LEARNING NEEDS AND OUTCOMES.

According to most analysts, the 3D printing market is expected to grow by leaps and bounds
over the coming years. Experts say that the worldwide shipments of 3D printers in 2015 is more
than double from 2014. Up from 108,151 units in 2014, analysts forecast shipments of 3D
printers to double every year for a few years, reaching 2.3 million units by 2018. Staggering as
the forecast is, they say even those numbers will be a small fraction of the total potential
market. End‐user’s expenditure, on material extrusion technology only, is expected to increase
from 789 million USD in 2015 to 1.6 billion USD in 2018. According to the forecast conducted
by Canalys, the size of the 3D printing market including printers, materials and services is
expected to rise from 2.5 billion USD in 2013 to 16.2 billion USD by 2018, a CAGR of over 45%.
Despite it, workers’ qualifications are one of crucial points in the innovation of 3D
printing industries. Boosting competences and skills requires certain initiatives and trainings
which keep workers updated and enable them to acquire new competences in line with new
technologies. These initiatives and trainings allow them also to develop new initiatives in order
to promote the anticipation of future skills needs and foster collaboration among industry,
social partners and education.
Furthermore it is important to shape the learning pathways and outcomes of European VET
Education system according to the current needs of the industries and thus of the labour
market.
Since Erasmus3D+ project is concluded, the consortium studied and worked in order to
give to students, teachers and workers proper competences about 3D printing, starting by the
study of the current educational offer already existing and the study needs. This contents are
available in the website of the project www.e3dplus.ceipes.org in the “publication” section,
included in the O1 documents.
Here we would like to summarize some of the main needs we found during our study research
(please find the complete contents in O1A1 “Study Needs”):

 To describe differences between home (private) and professional use (extremely
advantageous, industrial manufacturing processes) of 3D printing.

 To extend basic knowledge for information about different types of 3D printing
machines and their usage.
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 To raise a general awareness of the potential of 3D printing technology all over the
world, regarding to relatively low level of general knowledge in this field. It is
particularly directed to the people working in the jewellery, fashion, high‐tech industry
etc...

 To make the developed tools and the learning pathways user‐friendly.
 To cover realistic positioning of 3D printing, instead of increasing enthusiasm only.
 To increase the number of training in this sector at all levels.
 To make courses based on case studies and go straight to the final goal.
 To make courses organised by steps / split to phases, so that anyone could be able to
choose appropriate course starting point for him (people with some experience could
pick higher level immediately – focusing on the thematic information they need).

 To satisfy the need for a realistic presentation of possibilities and limitations of
technology and especially materials, on complex parts and assemblies of different
material types.


To promote knowledge of 3D printing systems not only within beginners (home users),
but also professionals.
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3.

OVERVIEW OF THE MODULES.
Here you can find an overview of the modules: schemes that demonstrate the division of the course in thematic modules, ie.

‐ Design and production processes,
‐ The current processes, different fields of application,
‐ Entrepreneurship and 3D printing
‐ Application in traditional sectors: cases of study.
Each module is divided in units. In Figure 1 all the content of the course is presented, while in Figures 2‐4 modules’ content is reduced according
to the needs of managers, professionals and VET students, respectively. . “Manager” ought to be understood as a person working in an enterprise
which wants to introduce 3D printing technology into the business. “Professional” is a person who is already accustomed with the technology and
wishes to extend the proper knowledge. Students of professional schools are marked as “VET students”.
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Fig. 1. Schema of the construction of the training material.

Fig.2. Overview of the modules designated for managers.
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Fig. 3. Overview of the modules designated for professionals.
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Fig. 4. Overview of the material designated for VET students.

10

4.

HOW TO USE THE TRAINING PATHS.

The consortium of E3D+ project, in order to show and describe the aims and the features
of each training modules and facilitate the use and the understanding of them, developed 18
different training paths.
At the first part of each training path sheet you will find:


The definition of the learning Units (with the number and the name of the module, of the
unit and the ECVET points)



Objective



Contents

The second part of the sheet shows the Learning Outcomes of the unit:


Knowledge



Skills



Competences



Recommended Training Methods (Sharing examples, showing videos, using interactive
theory, etc…)



Recommended Assessment Methods (for example surveys or self evaluation)



Recommended Target Group (for example Managers, students, teachers)

An example of the training path is available in the Fig 5.
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Fig 5. An example of a training path.
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5.

TRAINING UNITS.

These units include the concrete training material developed by the consortium of the
project that, with a theoretical extension, you will find also in the e‐learning modules.
All this material is developed in different ways and through different tools: text, slideshow and
video lessons.
All this material has been developed in order to improve knowledge, skills and competences
about the topic to VET students, teachers and managers (professionals and employees).
The training material is divided in training units (TU) and deal with the following contents:

TU1: History and definitions of 3D Printing
TU2: Concept of Rapid Prototyping and Additive Manufacturing
TU3: Description of the Production Processes
TU4: Available CAD Software for 3D Printing
TU5: Description of 3D Printing Materials
TU6: Processes and Technologies in 3D Printing
TU7: 3DP Technologies → Processes, Resolu on, Accuracy, Sizes, Manufacturers
TU8: 3DP Technologies → Materials used
TU9: 3DP Technologies → Sectors / Fields of Applica on (not tradi onal, most used)
TU10: 3DP Technologies → Extract the pieces, post‐processes, examples
TU11: What is Entrepreneurship?
TU12: Qualities of an Entrepreneur
TU13: Generating and Developing a Business Idea
TU14: Entrepreneurship with 3D printer
TU15: Rapid Prototyping Definition
TU16: Traditional Sectors Applications
TU17: Methodology for the Success
TU18: Case of Study in Traditional Sectors

On the e‐learning platform (e3dplus.cetemlearning.eu) you can find slideshows and video
lessons for each unit. After the completion of each unit it is possible to make a test checking
the acquired knowledge. Training units are grouped into modules, as showed in Figure 1.
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6.

TRAINING TIMESHEET AND ECVET POINTS.

For each training unit a defined number of ECVET points is predicted. This is connected with
a certain time necessary to master the material. Figures 6‐9 show indicative time needed to
study proposed material expressed in hours. This plan is elaborated for 3 target groups:
manager, professional and VET student, respectively. The definition of each target group is in
the chapter 3. Figure 6. shows the overall number of hours and ECVET points which are vested
in each unit and the whole course.
Target

C
O
M
P
L
E
T
E

Unit number and name

Module

1. Design and production processes

0,5

6

2. Concept of RP and AM

0,5

6,5

2

30

3. Description of the production processes
4. Available CAD software

0,5

6

5. 3D printing materials

0,5

6,5

6. Processes and technologies in 3D printing

2

25

7. 3D printing technologies: processes, resolution…

2

30

2

25

1

15

1

10

2. The current processes, different fields 8. 3D printing technologies: materials used
of application
9. 3D printing technologies: sectors/fields of application

3. Entrepreneurship and 3D printing: a
common view of the world

4. Application in traditional sectors,
cases of study

11. What is entrepreneurship?

0,5

6

12. Qualities of an entrepreneur

1,5

16

13. Generating and developing a business idea

0,5

6

14. Entrepreneurship with 3D printer

1,5

20

15. Rapid Prototyping definition

0,5

8

16. Traditional sectors applications

0,5

4

17. Methodology for the success

0,5

6

1

16

18. Case of study in traditional sectors

Fig. 6. The timesheet for the complete course.
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Hours

1. History of 3D printing

10. 3D printing technologies: extract the pieces…
C
O
U
R
S
E

ECVET

Course total
ECVET/hours
18,5 ECVET/242 hours

Target

Module

1. Design and production processes

Unit number and name

ECVET

Hours

Course total
ECVET/hours
10,5 ECVET/143 hours

1. History of 3D printing

0,5

6

2. Concept of RP and AM

0,5

6,5

3. Description of the production processes
4. Available CAD software
5. 3D printing materials

M
A
N
A
G
E
R

0,5

6,5

6. Processes and technologies in 3D printing

2

25

7. 3D printing technologies: processes, resolution…

2

30

1

15

1

10

14. Entrepreneurship with 3D printer

1,5

20

15. Rapid Prototyping definition

0,5

8

1

16

ECVET

Hours

2. The current processes, different fields 8. 3D printing technologies: materials used
of application
9. 3D printing technologies: sectors/fields of application
10. 3D printing technologies: extract the pieces…
11. What is entrepreneurship?
3. Entrepreneurship and 3D printing: a
common view of the world

4. Application in traditional sectors,
cases of study

12. Qualities of an entrepreneur
13. Generating and developing a business idea

16. Traditional sectors applications
17. Methodology for the success
18. Case of study in traditional sectors

Fig. 7. The timesheet for managers.
Target

Module

Unit number and name
1. History of 3D printing

15 ECVET/201,5 hours

2. Concept of RP and AM
1. Design and production processes
P
R
O
F
E
S
S
I
O
N
A
L

3. Description of the production processes

30

0,5

6

5. 3D printing materials
6. Processes and technologies in 3D printing

0,5
2

6,5
25

2

30

2

25

1
1

15
10

13. Generating and developing a business idea
14. Entrepreneurship with 3D printer

1,5

20

15. Rapid Prototyping definition

0,5

8

16. Traditional sectors applications

0,5

4

17. Methodology for the success

0,5

6

1

16

7. 3D printing technologies: processes, resolution…

11. What is entrepreneurship?
3. Entrepreneurship and 3D printing: a
common view of the world

4. Application in traditional sectors,
cases of study

12. Qualities of an entrepreneur

18. Case of study in traditional sectors

Fig.8. The timesheet for professionals.
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2

4. Available CAD software

2. The current processes, different fields 8. 3D printing technologies: materials used
of application
9. 3D printing technologies: sectors/fields of application
10. 3D printing technologies: extract the pieces…

Course total
ECVET/hours

Target

Module

1. Design and production processes

V
E
T

Unit number and name

4. Application in traditional sectors,
cases of study

Course total
ECVET/hours
16,5 ECVET/216 hours

1. History of 3D printing

0,5

6

0,5

6,5

2

30

3. Description of the production processes
4. Available CAD software

0,5

6

5. 3D printing materials

0,5

6,5

6. Processes and technologies in 3D printing

2

25

7. 3D printing technologies: processes, resolution…

2

30

2

25

1

15

1

10

10. 3D printing technologies: extract the pieces…

3. Entrepreneurship and 3D printing: a
common view of the world

Hours

2. Concept of RP and AM

2. The current processes, different fields 8. 3D printing technologies: materials used
of application
9. 3D printing technologies: sectors/fields of application

S
T
U
D
E
N
T

ECVET

11. What is entrepreneurship?

0,5

6

12. Qualities of an entrepreneur

1,5

16

13. Generating and developing a business idea

0,5

6

14. Entrepreneurship with 3D printer

1,5

20

15. Rapid Prototyping definition

0,5

8

16. Traditional sectors applications
17. Methodology for the success
18. Case of study in traditional sectors

Fig. 9. The timesheet for vet students.

7.

TRAINING OF TRAINERS.

In order to standardize teaching methodology and pedagogical strategies in the teaching of
new technologies such as additive manufacturing, the consortium also made a document
aimed to train the trainers that are supposed to use the training paths.
Thanks to the “Training of trainers” document it is possible to achieve the following
objectives:
 Develop effective strategies for teaching.
 Gain better understanding of the desired learning outcomes.
 Get familiarized with the rationale and course content of the teacher‐training pack
prepared by the consortium especially for E3D+.
 Learn how to introduce the learning and teaching methods and cultivate these
methodologies within the course material using suggested approaches.
 Know the E3D + project and its objectives.

In the “training of trainers” you find:
1. The learning Outputs of the course:
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a. How the curriculum can be divided
b. How each part can reach different target group
c. Which skills the course is aimed to improve.
2. The methodology for teaching and learning:
a. what skills the instructor needs to be able to adapt the contents of this

course to their lesson
b. Which methodological tools to use in the classroom (virtual and physical)

c. Which pedagogical points to take into account in the training of new
technologies.
d. Which are the learning and teaching methods that work best in VET.
3. How to apply the E3D+ Units: it will be an explanation of the student‐centred approach
(aimed to produce and instill knowledge relating to individual topics but is extensible

to cover larger areas of interest)
Finally, in the training of trainers document you will find also an example of a lesson plan.

CONCLUSION
If you are a trainer or a VET teacher you can find many tools to make your lessons about additive
manufacturing thanks to the work of the E3D+ consortium.
All this material can me flexibly used with your own knowledge and teaching/learning
outcomes.
To discover the training units of the E3D+ go to the e‐learning platform at the following link:
e3dplus.cetemlearning.eu
If you just want to know more information about the project, you can visit the official project
website:
e3dplus.ceipes.org
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