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7. Modify the original printing settings and test new parts
In groups, they discuss which printing settings they want to change and what 
impact this will have on the printed object. The modified parts were printed out 
and tested by the students. You can modify printing settings by, for example, 
decreasing the layer height from 0.4 mm to 0.29 mm to get a smoother surface. 
Note that this will decrease the printing time. The infill is another parameter 
that the students can modify. They can change it from the recommended 10% 
to 20% or 30%. Use a scale to measure the weight difference of the new parts.

8. Evaluate and review the modified parts and the whole wind turbine
Each group calculates and evaluates the main printing parameters such as: layer 
thickness, printing time, infill, layer height and other printing process features. 
Discuss which of them have a major impact in achieving the stability of the ob-
ject. Have the expected results been achieved?

9. Advanced part - Design and build new modified parts of wind turbine  
or the whole unit
In this part of the workshop the students design and build their own designs 
of the wind turbine and different wind turbine parts. To do that, the students 
model their own designs by using the knowledge they acquired during the 
workshop, the discussions and tests of the wind turbine parts and shapes. They 
have two possible options. The first one is to modify the existing design. The 
second option is to create a completely new design. The groups can decide 
which option they want and begin planning their design.

tip: Modify printing settings one by one to see the effect. Keep in mind that 
a lower infill and fewer shells will reduce the weight but also reduce the 
stability.
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●● Different examples:

Also, it is necessary to implement a circuit using a small alternator (dynamo) 
that generates electricity similar to a bicycle light. It will convert the mechanical 
energy of turning the wind turbine into electricity by moving a magnet. It works 
on the principle of electromagnetic induction. The rotating magnet creates a 
variable magnetic field that induces a current that gives light to a bulb in a 
fabricated circuit.

10. Evaluate and review the modified design
The students print their self-made designs and test them. 
Do the changes/improvements help as expected?

11. Reflection
Which wind turbine designs were the most efficient and what common design 
features do they have?
What’s the most important thing you’ve learned today? Why?
Would you use 3D printing in future projects?
What do you want to learn more about and why?
Reflect on your thinking, learning and work today. What were you most proud of?

tip: Check the ability of the wind turbine blade to rotate in the existing 
design.
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Subjects/field: 	 engineering, science
Class size: 	 12 students
Duration: 	 2 days
Students’ abilities: 
Required tools: 	 AutoCAD 2018, 6 computers with necessary configurations, 

3D printer, printer material (printing filament)
Goals/learning objectives:	 The exercise aims to teach the students how to 

use AutoCAD, to see the difference between 3D printing and 
CNC processing, applications of 3D printing, working with a 
3D printer. 

Lesson plan and activities

1. Teacher preparation
The required programme is installed on each computer used by a group of 
students. The teacher’s computer also has the programme and is connected to 
a projector with a shared screen so that the students can follow. The plan for 
creating the 3D models is shown in detail in the images below.  

2. 3d modelling task
It is necessary to model the object according to the attached image and pre-
pare it for 3D printing. Model created in Autocad 2018. 

3. Modelling in Autocad
The teacher and the students go through the modelling process step by step 
at different stages so that the students can follow and create their own model 
using the programme. Each group has different dimensions of the workpiece.

5.7. 	 EXERCISE “AXLE CONSTRUCTION” 
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With the UNION command merge individual objects into one object. 
After that, export the file to .stl format.

Create a 2D draft in TOP view. 
Use of the command LINE 
(drawing lines), CIRCLE (drawing 
circles), TRIM (snipping):

ISOMETRIC SW view:

The final appearance of the model:

The REGION command will create 
a surface that will rotate and 
from which it will be created.

Using the REVOLVE command the 
surface area rotates around the 
x axis by 360°:
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4. Simulation view
The teacher shows the students how to work in the programme that is used to 
view the simulation and printing settings. In this case it is “Cura”, but there are 
many other programmes that can be easily used for this purpose. In this part 
the teacher explains to the students the importance of the simulation phase 
in a 3D printing process. The simulation shows which parameters can still be 
modified before starting to print.
The following images show the programme interface as well as which sizes can 
be modified and how.                                                                              
Open the CURA programme to prepare the settings for 3D printing and reading 
the model in .stl format:
View of the simulation of printing models by layers at different stages of printing:

5. 3d printing bascis
The teacher explains to the students the properties of the printer: its operation, 
axis types and movements, axis drive, filament application method, filament 
temperature and printing bed, printing settings, printer reference and other 
parameters. Modelling is followed by:
Switching to G-code (“save as g-code”) and adjusting the printing parameters 
on the printer:
●● layer height: 0.1 mm
●● shell thickness: 0.8 mm
●● thickness of the filled layer on the top/bottom: 0.6 mm
●● percentage of central part density: 30%
●● print speed: 50 mm/s
●● filament temperature: 195 °c
●● bed temperature: 50°c
●● supports: no
●● and other parameters
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6. 3d printing settings modification and testing new parts
The above printing settings can be modified. The teacher shows the students 
how changing a particular size affects the quality and the speed of printing. The 
students have the freedom to change the input parameters within acceptable 
limits (determined by the teacher). This will provide the students with an exam-
ple of how a specific setting affects 3D printing. 
For example:
●● the percentage of filling affects the strength of the workpiece, print speed, 

weight of the workpiece, consumption of materials
●● the print speed affects the quality of the workpiece surface, print time
●● the thickness of each layer affects the print quality, the interconnection of 

the layers
●● the surface temperature affects the quality of the base layer applied to the 

bed.
note: Each group should change only one of the specified parameters to see 
how it affects the measures. For example, one group changes only the percent-
age of the filling, the other group changes only the temperature of the bed, etc.

View programme commands in g-code:

7. 3d printing process
Individual groups of students print their 
own models according to the parameters 
previously agreed with the teacher. After 
completing the printing, the students es-
timate the extent to which the modified 
parameter has affected their object. After 
all groups finish their prints, the students 
exchange their objects and explain each other how modifying a single param-
eter has affected the print quality. This gives the students an insight into all 
modifications in input sizes by groups and they can discuss their experiences. 

8. Evaluation
What’s the most important thing you’ve learned today? Why?
Do you want to use 3D printing for future projects?
What do you want to learn more about and why?
How will the 3D technology affect your education?
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Handbook  
– conclusion 

This handbook is intended for VET teachers who are involved in the learning pro-
cess focused on 3D technologies. Along with other activities conducted within 
the project, it is expected to have a considerable impact on the professional de-
velopment of VET teachers and on the improvement of the quality of education.
The focus of the handbook is to provide the teachers with methods and prac-
tical examples they can work with within their educational institutions. Its main 
purpose is closely connected to the project’s main objective, which is to create 
the VET education system that is linked with the business world and the con-
stantly changing demand for new skills and competences in the labour market. 
In order to achieve this goal, it is essential for VET providers to continually im-
prove their education, as well as the education they offer and thus contribute 
to the modernization and improvement of the quality of vocational education. 
Thanks to the exercises and practical examples it contains, the handbook should 
enable the teachers to develop and introduce innovative programmes and skills 
based on the methods and tools derived from the analysis of the practices that 
are being used in the partner educational institutions, which is one of VET prior-
ities in all the partner countries.
Achieving any of these targets would be a great accomplishment for the project 
partners and authors of this handbook. 
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