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1. Caracterizacdo da Unidade Curricular

1.1 Designacéo
[4347] Oficinas de Engenharia Fisica 4 / Engineering Physics Workshops 4

1.2 Sigla da &rea cientifica em que se insere
ENG FIS

1.3 Duracgao
Unidade Curricular Semestral

1.4 Horas de trabalho
162h 00m

1.5 Horas de contacto
Total: 67h 30m das quais TP: 22h 30m | P: 45h 00m

1.6 ECTS
6

1.7 Observagdes
Unidade Curricular Obrigatoéria

2. Docente responsével [1443] Tiago Gorjdo Clara Charters D'Azevedo

3. Docentes e respetivas cargas N&o existem docentes definidos para esta unidade curricular
letivas na unidade curricular

4. Objetivos de aprendizagem

(conhecimentos, aptiddes e Esta UC fornece uma introdugéo a fabricac&o aditiva distribuida usando impresséo 3D de cédigo aberto
competéncias a desenvolver (RepRap) e fornecerd uma viséo geral do software e hardware de codigo aberto utilizado e do seu
pelos estudantes) desenvolvimento tecnoldgico, teérico e pratico. Detalhara o design, uso e manutengéo da eletronica e

mecanica de codigo aberto por detrds do desenvolvimento das maquinas de prototipagem rapida e
auto-replicantes. Sera abordada a evolugéo tecnolégica da impresséo 3D de codigo aberto com foco no
desenvolvimento, na inovagao, na melhoria de desempenho e na selegcao de materiais. Cobrira hardware,
firmware, slicer e software do controlador da impressora para operacdo e manutencéo. Finalmente serdo
discutidas, as propriedades, aplicacdes e ramificacdes da tecnologia RepRap.

| Unidade Curricular: [4347] Oficinas de Engenharia Fisica 4 | Data: 08-10-2024 | 1/5



Ficha de Unidade Curricular A3ES

Oficinas de Engenharia Fisica 4
ISEL Licenciatura em Engenharia Fisica Aplicada
ENETITITO SEPERIOR DE 2024 25

EMGENHARIA DE LISBOA

I:E'qi

4. Intended learning outcomes

(knowledge, skills and This course provides an introduction to distributed additive manufacturing using RepRap 3D open source
competences to be developed printing and will provide an overview of open source software and hardware and its theoretical and
by the students) practical technological development. It will detail the design, use and maintenance of open source

electronics behind the development of rapid self-replicating prototyping machines. Focus will be given on
the technological evolution of 3D open source printing, development, innovation, performance
improvement and material selection. It will cover hardware, firmware, slicer software, and the printer driver
software to operate and maintain the device. Finally, properties, applications and ramifications of the
RepRap technology will be discussed.

5. Contetdos programaticos
1. self-REPIlicating RAPid prototyping machine (RepRap)

2. Software: CAD, ferramentas CAM, slicer, g-code, firmware

3. Electronica: controlador, motores passo-a-passo, base aquecida

4. Mecanica: graus de liberdade e eixos, belts e varas roscadas

5. Extrusdo: cabega de impressao, filamentos, materiais

6. Modelag&o 3D com o OpenSCAD e design paramétrico

7. AplicacBes de fabricacdo digital distribuidas e sua contextualiza¢&o usando impresséo 3D

8. Projecto final: da modelacéo digital & impresséo 3D
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5. Syllabus

1. self-REPIlicating RAPId prototyping machine (RepRap)

2. Software: CAD, CAM tools, slicer, g-code, firmware

3. Electronics: controller, stepper motors, heated bed

4. Mechanics: degrees of freedom and axes, belts and threaded rods

5. Extrusion: print head, filaments, materials

6. 3D modeling with OpenSCAD and parametric design

7. Distributed digital manufacturing applications and their contextualization using 3D printing

8. Final project: from digital modeling to 3D printing

6. Demonstracdo da coeréncia
dos contetdos programaticos
com os objetivos de
aprendizagem da unidade
curricular

Os conteudos programaticos apresentados vao de encontro ao principal objetivo da unidade curricular
gue é a o estudo das impressoras RepRap e a fabricagéo digital por processos aditivos. No ponto 1 do
programa abordar-se-4 o conceito do maquinas auto- replicantes e de prototipagem répida que permitira
uma contextualizacdo e motivagao tedrica para os pontos seguintes dos contetddos programaticos. Os
pontos 2. a 6. permitirdo o estudo e calibracdo de impressoras 3D potenciando a autonomia na
fabricagéo e manuteng&o de todo o processo. Nos pontos 6. e 7. permitirdo a modelacéo digital 3D e a
fabricagcéo por processos aditivos permitindo o fecho de uma formacéo completa desde a construcéo e
manutencao da impressora, modelagao digital de um objecto fisico e sua fabricagdo.

6. Evidence of the syllabus
coherence with the curricular
unit’s intended learning
outcomes

This course provides an introduction to distributed additive manufacturing using RepRap 3D open source
printing and will provide an overview of open source software and hardware and its theoretical and
practical technological development. It will detail the design, use and maintenance of open source
electronics behind the development of rapid self-replicating prototyping machines. Focus will be given on
the technological evolution of 3D open source printing, development, innovation, performance
improvement and material selection. It will cover hardware, firmware, slicer software, and the printer driver
software to operate and maintain the device. Finally, properties, applications and ramifications of the
RepRap technology will be discussed.
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7. Metodologias de ensino
(avaliagéo incluida)

As aulas decorrerdo em forma de seminarios intensivos e em grupo. E esperado que os alunos leiam o
material de apoio antes de cada aula e que participem activamente nas discussdes. A maior parte do
tempo de aula sera gasto em projectos (de 1 a 4) num formato de aula invertido. Cada grupo de
estudantes serd responséavel pela utilizagdo de uma impressora RepRap que usara para completar os
seus projectos. Serdo também responsaveis por fazer pequenas apresentacdes abertas para toda a
turma dos projectos completados durante o semestre.

Todas as provas séo pedagogicamente fundamentais. Nao ha exame final.

Avaliacéo: projetos: 80% + teste escrito 20%

7. Teaching methodologies
(including assessment)

This course will be run as an intense seminar meeting as a group. Students will be expected to read the
course material before class and actively participate in discussions. The majority of class time will be
spent on projects (1 to 4) in a flipped class format. Each student will be responsible for using a RepRap
3D printer and use it to complete the projects. Students will be responsible for giving short presentations
on their projects on each sub-topic in front of the class at the end of the semester.

All assessments are fundamental pedagogical. There?s no final exam.

Grade: projects 80% + written test 20%

8. Demonstragao da coeréncia
das metodologias de ensino
com os objetivos de
aprendizagem da unidade
curricular
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Os conteudos programéaticos apresentados vao de encontro ao principal objetivo da unidade curricular
que é a o estudo das impressoras RepRap e a fabricacéo digital por processos aditivos. No ponto 1 do
programa abordar-se-a o conceito do maquinas auto-replicantes e de prototipagem rapida que permitira
uma contextualizacdo e motivagao tedrica para os pontos seguintes dos contetudos programéticos. Os
pontos 2. a 6. permitirdo o estudo e calibracéo de impressoras 3D potenciando a autonomia na
fabricag@o e manutencg&o de todo o processo. Nos pontos 6. e 7. permitirdo a modelacéo digital 3D e a
fabricagéo por processos aditivos permitindo o fecho de uma formacgéo completa desde a construgéo e
manutencao da impressora, modelacao digital de um objecto fisico e sua fabricacgao.
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8. Evidence of the teaching
methodologies coherence with
the curricular unit’s intended
learning outcomes

The given syllabus is in line with the main objective of the curricular unit, which is the study of RepRap
printers and digital disributed manufacturing by additive processes. Section 1 of the program will address
the concept of self-replicating machines and rapid prototyping that will allow a contextualization and
theoretical motivation for the following points of the programmatic contents. Points 2 to 6 will allow the
study and calibration of 3D printers, enhancing autonomy in the manufacture and maintenance of the
entire process. In points 6. and 7. will allow the 3D digital modeling and manufacturing by additive
processes allowing the closing of a complete formation from the construction and maintenance of the
printer, digital modeling of a physical object and its manufacture.

9. Bibliografia de
consulta/existéncia obrigatéria

1. Joshua Pearce, ?0Open-Source Lab, How to Build Your Own Hardware and Reduce Research Costs?,
(2013) ISBN: 9780124104860, Elsevier

2. Richard Horne , ?3d Printing For Dummies?, John Wiley & Sons Inc, ISBN: 9781119386315

3. Edward Anthony Sells, ?Towards a Self-Manufacturing Rapid Prototyping Machine? (PhD Thesis), Bath
University (2009)

4. RepRap: https://reprap.org/ (18/03/2019)

5. Open Source 3D Printing:

https://en.wikiversity.org/wiki/Open_Source_3D_Printing (18/03/2019)

6. First International Workshop on "Low-cost 3D Printing for Science, Education and Sustainable
Development” By Directors: E. Canessa, C. Fonda and M. Zennaro (ICTP-SDU) - Video recording and
editing: A. Giacomin:

https://itunes.apple.com/us/itunes-u/first-international-workshop/id6888318954.

10. Data de aprovacdo em CTC 2024-07-17
11. Data de aprovacdo em CP  2024-06-26
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