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The ALLVIEW project is a new transnational cooperation platform that connects Centres of 

Vocational Excellence (CoVEs) within the wood and furniture sector. ALLVIEW has operational 

objectives on a regional, national, and European level which aim at an innovative approach to 

modernising vocational education and training. 
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1. Introduction  

This document reports the first results performed in task ά¢оΦпΥ 3D printing set of exercisesέ in 

the framework of the ²tо άY9¢ ƪƛǘ ŦƻǊ ǘǊŀƛƴƛƴƎ ƛƴ ǘƘŜ Cϧ² ǎŜŎǘƻǊέΦ  

One of the objectives of this work package is to research new teaching methods based on the 

project approach and in which students and teachers use Industry 4.0 technologies as enablers 

in the classroom. In the field of education, the use of technologies such as 3D printing improves 

performance, the learning process, the development of skills and a greater engagement of 

students and teachers with the subject matter. In addition, 3D printing stimulates creativity and 

collaborative problem solving. 

As a result of this task, 14 exercises on 3D printing have been defined. The set of 3D printing 

exercises will allow students to reinforce concepts related to wood and furniture but will also 

serve to introduce them to the world of 3D printing itself. This is very important, as additive 

manufacturing has proven to be a mainstay in the furniture and wood sector. 

 

The procedure followed by the consortium in carrying out this task was as follows: 

 

Ą Creation of a template to define the exercise at three levels: description of the idea and 

model, graphic definition of the exercise, and specifications for its use in the classroom. 

Ą Identification of subjects or topics mainly related to the furniture and wood sector for which 

exercises would be created. 

Ą Identification and description of the exercises on a theoretical, graphic, and educational level 

following the template. 

 

This document contains the work carried out in the first phase of this activity, which corresponds 

to the identification and definition of the 3D exercises.    

First, a generic introduction is given on the exercises identified, the methodologies for their 

insertion in the classroom and the main learning outcomes and benefits that the students will 

obtain through this technology and these exercises. After this, some conclusions are established 

as a connection with the next phase of this activity and WP3, where these exercises will be 

designed, printed, and tested. The report concludes with a detailed description of each of the 

14 exercises identified for this task. 
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2. Identified exercises, methodologies, and main 

learning outcomes. 

Identified exercises 

For the task T3.4 "3D printing set of exercises", 14 exercises have been defined, structured in 

such a way that the acquisition of knowledge is gradual. The first two exercises are intended to 

immerse the student in 3D printing by gaining knowledge about parameters, surface finishing, 

printing problem solving and materials. The following 3 exercises provide the student with the 

necessary knowledge on how to creatively model a complex part of small dimensions and scale 

it to the required dimensions, as well as acquire skills on how to model moving parts and how 

to orient the parts to save support material. Other two exercises have been designed. They 

focus on the creation of furniture prototypes with additive manufacturing and the design of 

complex geometries in furniture design. Moreover, there are five exercises focused on the 

integration of 3D printing in the design, manufacture, and repair of furniture.  The concept of 

"hybrid technology", in which traditional and additive manufacturing merge, will be explored 

by the student.  He/she will discover the advantages and possibilities of integrating this 

technology in the production of furniture by learning by doing. Following on from the previous 

ones, there is an exercise designed to encourage the student to think about adapting the 

product to different customers or to follow standard requirements related to ergonomics, 

dimensions, and safety requirements. Finally, in order to create synergy with WP4 "Corporate 

Social Responsibility", an exercise has been defined to facilitate people with cognitive 

disabilities to create geometric shapes with wood. This exercise will enable the disabled person 

to draw and carve flat geometric shapes, allowing them to recognise shapes, perimeters, and 

areas much more easily. 

 

The complete definition of all exercises, together with their teaching specifications and technical 

specifications can be found in section 4 "3D Printing set of exercises. Defined Exercises." Names 

and descriptive images of the 14 exercises are enumerated here: 
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Exercise 1: Setting up a 3D printer for 

printing dedicated to the furniture 

sector  

 

Exercise 2: Materials and finishing 

dedicated to 3D printing (FDM) 

Exercise 3: Eccentric connector  

Exercise 4: Cable grommet  
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Exercise 6: Prototyping in 3D printing  

 

 

Exercise 7: Design of furniture with 

complex geometry in 3D printing 

 

 

 

Exercise 8: Chair repair connectors  

 

 

 

 

Exercise 5: Cable route  
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Exercise 9: Assembled Pieces for 

furniture design  

 

 

 

 

Exercise 10: Furniture design with 3D 

printed connectors 

 

 

 

 

 

Exercise 11: Furniture design with 3D 

printed parts   
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Exercise 12: F Chair design with 3D printed 

connectors and simple wooden elements  

 

 

 

 

 

 

 

Exercise 13: School chair design for 

different age of kids  

 

 

 

 

 

 

 

Exercise 14: Technical drawing and 

wood workshop for the disabled 

people   
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Methodology for inclusion in the classroom and main Learning Outcomes. 

 

The methodology best suited to integrating these exercises into the classroom and the 

curriculum is project-based learning (PBL). 

Project-based learning is a teaching method that encourages learning through active 

participation in real-world, personally meaningful, or engaging projects. 

Students typically work on a project over an extended period (one to several weeks) that leads 

them to solve a real-world problem, answer a complex question and design their best solution. 

They then demonstrate what they have learned by creating a public product or presentation for 

a real audience (classmates and teachers). 

By working in this way, project-based learning allows students to develop deep content 

knowledge, as well as 21st-century skills such as active learning, critical thinking, collaboration 

and cooperation, creativity, problem solving and communication. PBL is also known to unleash 

a contagious creative energy between students and teachers, leading to greater student 

engagement and improved learning outcomes for all. [1] 

The transversal outcomes of project-based learning that are intended to be achieved by 

carrying out these exercises on additive manufacturing may vary according to the school, the 

teacher and the type of project being carried out. The main ones are: 

Ý Integration of knowledge.  

Ý Fostering autonomous learning through independent investigation of unstructured 

problems. 

Ý Teamwork, which helps prepare students for a social environment. 

Ý Self-assessment and self-criticism, which encourages students to look beyond their 

own ideas and knowledge.  

 

Graphic 1: Characteristics of project-based learning. 

PBL

Student Oriented

Personalised and equitable

21st-century skisll

Preparation for future work

Flexible, multidisciplinary, guided and independent learning
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Benefits of Project Based Learning: 

¶ Presents opportunities for deeper learning in context and for the development of 

important skills relating to college and career readiness. 

¶ Boosts student engagement and achievement and helps students develop the 21st-

century skills they need to succeed in their future careers. These include critical 

thinking, communication, collaboration, and creativity, among others. 

¶ Makes room for student choice, allowing students to feel like architects of their own 

learning journey. 

¶ Improves student attitudes toward education, thanks to its ability to keep students 

engaged. 

¶ Provides plenty of opportunities for feedback and revision of the plan and the project 

¶ Encourages students to make meaningful connections across content areas, rather 

than thinking about each subject area in isolation (multi-disciplinary pedagogical 

approach). 

¶ Engages students in real-world learning, giving them a deeper understanding of 

concepts through relevant and authentic experiences. This prepares students to accept 

and meet challenges in the real world, mirroring what professionals do every day. 

¶ Engages students deeply with the target content, helping to increase long-term 

retention. [1] 

 

To use the project-based methodology for the integration of 3D printing technology as a tool 

for the development of innovation and creativity in furniture design, work can be done mainly 

by carrying out the project as a multi-stage exercise. The main steps for most of the exercises 

are: 

 

 
 

 

 

 

 

 

 

 

 

 

Study and 

development 

of the idea 

Design and 

adaptation 

to 3D 

printing 

3D printing 

& 

Post-

processing 

Manufacturing 

processes 

Analysis and 

functionality 

Modify when 

necessary 

Graphic 2: How to develop a project as a multi-stage exercise. 
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It should be noted that in the case of exercise 14, designed for people with disabilities, the 

methodology to be used will be Applied Behaviour Analysis (ABA). ABA is based on direct 

observations of behaviour as a primary measurement tool. The skills promoted must be objectively 

quantifiable and directly observable: the functional relationships between the individual and the 

environment are identified, objectively establishing causal relationships between environmental 

events, and observed behaviours. This process takes place through the systematic manipulation of 

the environment and the detection of behaviours exhibited under varying environmental 

conditions. 

 

Learning Outcomes. 

The Learning Outcomes that students will achieve through these exercises are as follows: 

 

Ý Identify printing problems. 

Ý Correct these errors by changing the printing parameters. 

Ý Anticipate possible errors before printing. 

Ý Exploit additional features of the printer. 

Ý To make a print with a loaded material (with particles of material (wood, rock, fibbers...) 

incorporated in PLA and ABS). 

Ý To treat the points of hangs of the supports. 

Ý To define the parameters according to the expectations of the result (ex: high temperature 

= changes of colors and/or roughness of the material more pronounced) 

Ý Ability to apply different finishes and understanding of the different results that we  can 

obtain depending on the selected techniques/products. 

Ý Anticipate and apply certain parameters upstream (during the creation of the G-code) to 

avoid certain phases of post-processing, and/or to give particular aspects to the different 

materials. 

Ý Self-sufficiency in finding out the necessary documentation. 

Ý Modeling of complex shapes and movables parts. 

Ý Details on positioning of a model to save on support´s material.  

Ý Self-sufficiency in dimensioning. 

Ý Surface modeling techniques. 

Ý Modeling of self-dependent and precise shapes. 

Ý Modelling of joint fittings . 
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Ý Understand how to build joints and how to assemble parts of different materials. 

Ý Learn the laws of statics as the student will have to check whether the part is strong at the 

attachment and load points of the object. 

Ý To know the aspects related to the recyclability and circularity of materials and the 

protection of the environment. 

Ý Analyse and optimise design for 3D printing. 

Ý Know the influence of additive manufacturing on the design and prototyping of a product. 

Ý Know the use of 3D printing in the furniture market. 

Ý Acquire knowledge about the competitiveness of Additive Manufacturing in the 

production sector. 

Ý Work with hybrid technology (wooden parts assembled with 3D printing parts). 

Ý Understanding material selection, printing orientation to achieve full strength of 

connectors. 

Ý Understand loading on seating chair and how to design connectors to withstand these 

forces -exercise could be extended to testing phase: chair could be tested according to 

standard EN 1729-2 Furniture. 

Ý Understand possibilities of tailoring the product to each user. 

 

Section 4 of this document defines the 14 exercises that have been identified for this task. Each 

exercise consists of 4 parts: 

 

1. Information, indicating the name of the exercise, the subject or topic to which it belongs and the 

number of pieces of the model.  

2. Description of the 3D model. The model is described at a theoretical and graphical level. This is 

the basis for its subsequent design, which will be done in the second phase of this task and the 

results will be seen in the next deliverable "D3.5 New exercises using 3D printing (Including 3D 

models). 

3. Teaching specification. This part gives answers to three questions that define how to integrate 

the exercise in the classroom/curriculum. How to use the model in the classroom, methodology to 

follow in class and the benefits of working with the exercise.  

4. Technical specifications, where information about the printing technology, resistance, finishing, 

assembly, support material and others is collected.
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3. Conclusions and links for the next deliverable 

This is the first deliverable $ΩȢΪȢȰ$ÅÆÉÎÉÔÉÏÎ ÏÆ ÎÅ× ÅØÅÒÃÉÓÅÓ ÕÓÉÎÇ Ω$ ÐÒÉÎÔÉÎÇȱ of the task 

T3.4."3D Printing Set of Exercises", which as mentioned in previous sections is the first step 

of the task. In this task, the exercises for the use and integration of 3D printing in studies related 

to furniture and wood have been defined. This first phase is the basis of the next deliverable 

$ΩȢΫ Ȱ.Å× ÅØÅÒÃÉÓÅÓ ÕÓÉÎÇ Ω$ ÐÒÉÎÔÉÎÇ ɉÉÎÃÌÕÄÉÎÇ Ω$ ÍÏÄÅÌÓɊ΅, in which the final designs of 

the 14 exercises and the images of the printed models will be collected. These exercises will be 

integrated in the ALLVIEW e-Learning platform to be downloaded and used.  

 

At this point, the next steps to complete this task are as follows: 

 
Ý 3D modelling of the defined exercises.  

Ý 3D printing of all the exercises for their correction or adaptation if necessary.  

Ý Update the definition of the 14 exercises and include the images of the renderings and 

printed models. 

Ý Integrate the .stl files and final descriptions of the exercises in the e-Learning platform 

developed for WP2 "Blended learning library for the Wood and Furniture sector". 

Ý Test the exercises developed under the study technologies of this work package 

(VR/MR/360Videos/3D Printing), together with the training contents developed under 

the WP2 framework in the WP5 Ȱ$ÕÁÌ ,ÅÁÒÎÉÎÇ #ÏÏÐÅÒÁÔÉÏÎȱ pilot experiences.  

Ý To write the report of deliverable D3.5 "New exercises using 3D printing (including 3D 

models)", which will include the following points:  

 

 

 

 

 

 

 

 

 

 

Introduction to the 

Report D3.5. 

 

Benefits of this 

technology in 

education 

What is Additive 

Manufacturing and 

how it works? 

Exs. designed and 

their integration in 

the classroom  

Application of AM 

in the furniture and 

wood sector 

Conclusions 

 

Graphic 3: Structure of the next report D3.5. 
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Additive manufacturing processes allow for great design freedom, customization, earlier and 

easier assembly, and allow low volume production at low cost. These circumstances have a 

positive effect on the manufacturing of furniture. 

Already starting in the design process, applications of 3D printing technologies have a positive 

effect on all further stages of product development and market launch. Just a few decades ago, 

the early design phase only comprised 2D drawings, which were the basis for the mostly hand-

made prototypes. Today, companies also use modelling software and 3D printers at an early 

stage.  

The prototyping process can be carried out much faster and more accurately using additive 

manufacturing technologies. In addition, 3D-printed prototypes with the same properties as 

the finished product can be produced and therefore also tested and evaluated. These new 

technologies greatly facilitate the development of complex and interlocking geometries.  

This offers very good opportunities to introduce innovative designs to the furniture market that 

previously seemed impossible. By making complex design tasks more feasible, considerable 

amount of time can be saved, and new designs can be introduced to the market faster. 

 

With the following report, we intend to make a progressive immersion in additive 

manufacturing technology, where the reader will acquire the necessary knowledge about what 

is and how this technology works, the main applications within the furniture and wood sector, 

the benefits of its use in education, together with the examples developed in this work package. 

We believe that this material will bring added value to those schools and teachers which want 

to get started in this field. 

 

 

When you have a versatile technology and you put it in the 

hands of extremely motivated users, you have a perfect 

recipe for innovation. [2] 
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3D Printing set of exercises.  

Defined Exercises. 
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4. 3D Printing et of exercises. Defined Exercises. 

1. %ØÅÒÃÉÓÅ Ȱ3ÅÔÔÉÎÇ ÕÐ Á Ω$ ÐÒÉÎÔÅÒ ÆÏÒ printing dedicated to the 

ÆÕÒÎÉÔÕÒÅ ÓÅÃÔÏÒȱ 

 

INFORMATION 

Exercise Name ɸSetting up a 3D printer for printing dedicated to the furniture sectorɹ  

Specific Subject Product Design, Sustainability, 3D printing 

Number of pieces 

of which the 

model is 

composed 

7 pieces 

 

 

 

3D MODEL DESCRIPTION 

Written description. 

 

The goal is to design parts separately. It will allow the student to learn how to use and test the 

knowledge on each of the parameters of the 3D printer deposit of wire (FDM). 

Depending on the parameters, we will have: 

 

¶ Bridge/bridging tests 

¶ Tests of angles and tips/hollows 

¶ Precision tests (scale/diameter) 

¶ Rope/rod tests 

¶ Tolerance tests (wall/interwall) 

¶ Cantilever angle tests 

¶ Curve and rounding tests 

 

The idea is to design different test modules allowing for each of them to test and validate the printer 

settings (depending on the material used). 

There are different "test board" dedicated to 3D printing. 
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The idea is to make them independent of each other, in order to work on a precise setting and 

parameterization of the machine. 

 

 

Graphic Definition of the 3D Model. (Technical draws, hand free sketch and renders). 

 

Figure 1: Model kits for testing. 

Additional materials for a better description. 

Example of a test board: 
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Figure 2: Example [3]. 

These modules can be printed according to the choice of settings we wish to validate/test. 

The design of these parts will be done in such a way as to have each of the above-mentioned 

parameters associated with a part and a printout (this saves time during validation, if we intervene 

only on one aspect), so it will not be necessary to print a board including all the tests. 

 

TEACHING SPECIFICATION 

How can this model be used in the classroom?  
 
This exercise is designed to make the student work on a limited number of settings depending on 

the part he will have to print. 

The student's objective is to print one of the modules without encountering any printing problems 

(dripping, oozing, lack of material ...), it must leave the printer without any error. 

Thanks to this exercise, the student will be able to determine the source of the problem during his 

future printing. Moreover, he will also be able to correct the parameters in order to ensure the good 

realization of his part by the machine. 

 
 
What methodology can be used for its integration into the classroom/curriculum? 

To ensure integration within a class/curriculum, the principle would be to provide to different 

students (or groups of students) a module on which work with. 
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This exercise can be worked on in class as a multi-step exercise:  

¶ Prepare and run a printout of the module, having in mind when designing the G-code, 

that this part must come out identical to the 3D model. 

¶ Identify the possible problems that we encounter/could encounter with this type of 

printing. 

¶ List the parameters to influence to anticipate/correct the problems that could be linked 

to these different prints. 

¶ Re-print the part with the appropriate corrections for a good printing execution. 

Module-based learning is meaningful for students because they acquire the necessary skills to 

anticipate and correct printing errors that they might find in all their 3D printing projects. 

 

What benefits can be obtained with its use? 

The purpose of using this exercise is to provide to each student, through the realization of a 

successful print, with the necessary knowledge to understand the problems commonly 

encountered in the field of 3D printing with molten wire. 

By pushing the exercise further, the students could also experiment by changing the parameters to 

see how the prints react according to the modifications. 

In addition, these exercises determine the printing results, and by interacting with the associated 

parameters, they can discover and exploit aspects, usually avoided, to diversify the printing 

possibilities.  

In terms of learning outcomes, the learner will be able to:  

 

¶ Identify printing problems 

¶ Correct these errors by changing the printing parameters 

¶ Anticipate possible errors before printing 

¶ Exploit additional features of the printer 

 

 

TECHNICAL SPECIFICATIONS OF THE EXERCISE 
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Technology Fused Deposition Modeling (FDM) 

Material 
 

PLA/ABS/PETG 

Suitable dimensions for its use 

in the classroom (mm) 

They will depend on the final design.   
They can be printed on a 200*200 tray without any problem. 

Should the piece be resistant or 

be subjected to stress? 

 

No 

 

Number of pieces of which the 
exercise is composed: 

6 pieces 
 

Ensemble type if necessary 
(slot, clip, screwed ...) 
 

 

Accuracy and definition 
required. (Quality) Low, mid or 
High. 

Medium or high (maximum nozzle diameter 0.4mm) 

Support material or post-
processing. 

For a good realization of the exercise, it is not necessary to use 
supports and it is not necessary to carry out post-processing either. 
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2. Exercise ȰMaterials and finishing dedicated to 

Ω$ ÐÒÉÎÔÉÎÇ ɉ&$-Ɋȱ 

 

INFORMATION 

Exercise Name ɸMaterials and finishing dedicated to 3D printing (FDM)ɹ  

Specific Subject Product Design, Sustainability, 3D printing 

Number of pieces of which the 

model is composed 

1 piece 

 

 

3D MODEL DESCRIPTION 

Written description. 

 

This 3D model aims to represent the different types of surfaces, structures, and shapes that could 

be met on prints. It will be composed in different ways to be able to work on the post-processing of 

the materials after printing. 

 

It incorporates several aspects that can vary greatly depending on the materials used: 

¶ The details in relief or inlays. 

¶ Connections between two surfaces that are not on the same plane. 

¶ Fillets and chamfers. 

¶ Vertical and horizontal cylinders. 

¶ Hollow and curved surfaces. 

¶ Protruding edges. 

¶ A temperature printing scale. 

 

 

Graphic Definition of the 3D Model. (Technical draws, hand free sketch and renders). 

 

 

 

 

 


























































































































































