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	Cilj predmeta

Kurs 3D štampe je kompletan vodič kroz svet 3D modelovanja i 3D štampe FDM tehnologijom. Polaznici će dobiti jedinstvenu priliku da se upoznaju sa ovom uzbudljivom tehnologijom, kao i da se oprobaju u 3D modelovanju koristeći popularne programe i 3D štampače.  Polaznici će naučiti kako se priprema sam 3D model za štampu i kako na kraju dobiti savršeno odštampan 3D objekat. Upoznaće kakva je veza 3D CAD softvera sa 3D štampom, kako izgledaju softveri za pripremu 3D štampe i upoznaćete se sa nekoliko uređaja koje imamo u Laboratoriji za 3D štampu.



	Ishod predmeta 

Ovladavanje znanjima potrebnim za primenu programskog paketa SolidWorks za 3D modeliranje delova i primenu programskog paketa Ultimaker Cura za podešavanje parametara 3D štampe. Praktičan rad na postojećim 3D štampačima FDM tehnologije u laboratoriji i savladavanje potrebnog znanja i veštine. Dobijanje fizičkog 3D modela i njegova dorada po potrebi.


	Sadržaj predmeta

Lekcija 1 (2 časa): 

Naziv lekcije: Uvodna predavanja
Slušaoci kursa se upoznaju sa nastankom i razvojem računarske grafike (Computer Graphics-CG). Njenom primenom u industriji i nastankom numeričkog upravljanja (Numeric Control - NC) i projektovanja primenom računara (Computer Aided Design – CAD). Navode se i popularni CAD softveri kao i osnovni pojmovi projektovanja prostornih (3D) elemenata.
Takođe se navode osnove aditivne proizvodnje (Additive Manufacturing - AM) - 3D štampe kao i njen razvoj, značaj i primena. Navode se i faze 3D štampe postupkom FDM (Fused Deposition Modeling). Slušaoci se upoznaju i sa osnovnim softverima za 3D štampu FDM postupkom.
Lekcija 2 (4 časa): 

Naziv lekcije: 3D modeliranje u programskom paketu SolidWorks
Grafičko okruženje softvera SolidWorks. Meni, Linija alata, Radni prostor, Palete sa alatkama, Koordinatni sistem i osnovne ravni, Stablo modela, Kartice sa svojstvima, Statusna linija. 

Lekcija 3 (2 časa): 

Naziv lekcije: Osnovni e lementi 3D modeliranja
Elementi dela (Features). Bool-ove operacije: Boss, Cut, Hole. Operacije za modifikovanje elemenata: Fillet, Shamfer, Shell, Draft. Postupak projektovanja “Filozofijom inženjera”. Kreiranje dela na način na koji bi se napravio i u proizvodnji. Tako da se polazi od pripremka, pa kasnije skidanjem materijala, korišćenjem odgovarajućih elemenata, dolazi se do željenog gotovog dela.
Lekcija 4 (3 časa): 

Naziv lekcije: Primeri projektovanja mašinskih delova “filozofijom inženjera“
Polaznici kursa, uz pomoć predmetnog nastavnika, rešavaju različite primere iz prakse modeliranja mašinskih 3D delova. Metodom “filozofije inženjera” kreće se od početnog dela (pripremka) i različitim elementima i Bool-ovim operacijama dolaze do gotovog dela. Metoda će se kasnije primenjivati u realnom 3D modeliranju.
Lekcija 5 (4 časa):  

Naziv lekcije: Postupak 3D modeliranja u programskom paketu SolidWorks na praktičnom primeru
Pokretanje programskog paketa SolidWorks. Primer prikaza žičanog i punog (solid) modela. Otvaranje novog fajla i kreiranje datog dela u izabranoj-kreiranoj datoteci.  Izbor ravni i kreiranj polaznog elementa. Modifikovanje dinezija. Unos debljine dela. Rotiranje dela. Izbor površine za oduzimanje materijala. Oduzimanje materijala i modifikovanje mera. Izbor različitih pogleda na deo. Čuvanje fajla. Kreiranje tehničke dokumentacije. Izbor formata papira i zaglavlja. Kreiranje projekcija i 3D pogleda. Izrada konačne tehničke dokumentacije. Izbor lokacije i čuvanje fajla crteža.
Lekcija 6 (2 časa):  

Naziv lekcije: 3D štampa
Radna zapremina štampača. Osnovni delovi štampača i karakteristike. Filament (žica). Ekstruder. Glava štampača. Mlaznica. Ventilator. Platforma. Kućište. Napajanje. Motori. Matična poloča.   
Lekcija 7 (3 časa):  

Naziv lekcije: Softver za 3D štampu - Ultimaker Cura

Razvoj programa i primena. Rezanje CAD modela u slojeve i stvaranje G-koda prepoznatljivog 3D štampaču. Podešavanje parametara štampe. Eksportovanje 3D modeliranog fajla u STL fajl. Download-ovanje besplatne verzije programa i instaliranje na odgovarajućoj platformi – operativnom sistemu računara. Radno okruženje programa. Menu bar. Izbor print profila. Opcije sa podrškom (support). Učitavanje dela – fajla. Opcija za čuvanje fajla u obliku prepoznatljivom štampaču (G-code) na SD karticu. Opcija za deljenje fajlova preko interneta. Opcije za rotaciju objekta. Opcije zapreminskog prostora i zabranjene zone. 
Lekcija 8 (2 časa):  Podešavanja parametara štampe
Rotacija modela i izbor ravni za platformu. Izbor štampača i dodavanje novih. Izbor filamenta – žice. Izbor prečnika mlaznice. Podešavanje temperature glave štampača i platforme. Dodavanje suporta. Određivanje faktora skaliranja. Podešavanje broja prvih-zidnih slojeva i debljine zida. Uticaj smera štampe na kvalitet štampanog dela. Popunjenost unutrašnjeg sloja. Podešavanje brzine štampe. Generisanje G-koda i čuvanje fajla na SD karticu.
Lekcija 9 (8 časa):  Praktičan rad - 3D štampa primera mašinskih delova
Praktičan rad u laboratoriji. Izbor jednog od 3 štampača: Creality CR-10 S, Creality CR-10 S5 i Creality CRX. 
Praktičan rad se izvodi kroz sledeće faze:

· Modeliranje 3D delova u softveru za 3D modeliranje - SolidWorks
· Kreiranje STL fajla
· Pokretanje softvera za štampu: Ultimaker Cura
· Podešavanje parametara štampe
· Kreiranje G-koda
· Štampanje na različitim štampačima 
· Nivelacija platforme
· Posipanje spreja na platformu
· Posmatranje prvog sloja štampe
· Posmatranje daljeg toka štampe
· Skidanje komada
· Dorada po potrebi
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	Ukupan broj časova aktivne nastave u toku semestra: 30

	Metode izvođenja nastave

Predavanja, vežbe, praktičan rad, simulacije, konsultacije.

	Ocena  znanja (maksimalni broj poena 100)

	Predispitne obaveze
	poena
	Završni ispit 
	poena

	aktivnost u toku predavanja
	5
	pismeni ispit 
	30

	praktična nastava
	40
	usmeni ispt 
	25

	kolokvijum-i
	
	
	

	seminar-i
	
	
	


Verzija na engleskom
	Study Programme: KALCEA

	Course title: Process for modeling 3D parts and 3D printing using FDM methodology

	Teacher: Dragan Lazarević

	Course status: Optional

	ECTS credit points: 2

	Condition for listening the course: Does not exist.

	Objective of the course
The 3D printing course is a complete guide to the world of 3D modeling and 3D printing with FDM technology. Attendees will get a unique opportunity to get acquainted with this exciting technology, as well as to try their hand at 3D modeling using popular programs and 3D printers. Attendees will learn how to prepare the 3D model itself for printing and how to get a perfectly printed 3D object in the end. They will learn about the connection between 3D CAD software and 3D printing, what 3D printing preparation software looks like, and you will get to know several devices that we have in the 3D Printing Laboratory.

	Outcome of the case

Mastering the knowledge needed to use the SolidWorks software package for 3D modeling of parts and the use of the Ultimaker Cura software package for setting 3D printing parameters. Practical work on existing 3D printers of FDM technology in the laboratory and mastering the necessary knowledge and skills. Obtaining a physical 3D model and refining it as needed.

	Course content

Lesson 1 (2 hours):

Lesson title: Introductory lectures

The students of the course are introduced to the origin and development of computer graphics (Computer Graphics-CG). Its application in industry and the emergence of numerical control (Numeric Control - NC) and computer aided design (CAD). Popular CAD software and basic concepts of designing spatial (3D) elements are also listed. 
The basics of Additive Manufacturing (AM) - 3D printing as well as its development, importance and application are also stated. The stages of 3D printing using the FDM (Fused Deposition Modeling) process are also listed. Students are also introduced to basic software for 3D printing using the FDM process.
Lesson 2 (4 hours):

Lesson title: 3D modeling in the program package SolidWorks 
SolidWorks graphical environment. Menu, Toolbar, Workspace, Tool Palettes, Coordinate System and Base Planes, Model Tree, Property Tabs, Status Line.
Lesson 3 (2 hours):

Lesson title: Basic elements of 3D modeling 
Elements of the work (Features). Bool operations: Boss, Cut, Hole. Operations for modifying elements: Fillet, Shamfer, Shell, Draft. The design process with the "Philosophy of Engineers". Creating a part the way it would be made in production. So it starts from the preparation, and later by removing the material, using the appropriate elements, the desired finished part is reached.
Lesson 4 (3 hours):

Lesson title: Examples of designing machine parts with the "engineer's philosophy"
Course participants, with the help of the subject teacher, solve various examples from the practice of modeling 3D machine parts. Using the "engineer's philosophy" method, they start from the initial part (preparation) and use various elements and Bool operations to reach the finished part. The method will later be applied in real 3D modeling.
Lesson 5 (4 hours):

Lesson title: The procedure of 3D modeling in the program package SolidWorks on a practical example
Starting the SolidWorks software package. An example of a wireframe and solid model display. Opening a new file and creating a given part in the selected-created file. Selecting a plane and creating a starting element. Modifying dinesias. Input of part thickness. Part rotation. Selection of surface for removal of material. Removal of material and modification of measures. A selection of different views of the part. Saving the file. Creation of technical documentation. Choice of paper format and letterhead. Creating projections and 3D views. Preparation of final technical documentation. Selecting a location and saving the drawing file.
Lesson 6 (2 hours): 
Lesson title: 3D printing
Working volume of the printer. Basic printer parts and features. Filament (wire). Extruder. Print head. Nozzle. Fan. Platform. Housing. Power supply. Motors. Matric position.
Lesson 7 (3 hours):

Title of the lesson: 3D Printing Software - Ultimaker Cura
Program development and implementation. Cutting the CAD model into layers and creating G-code recognizable to the 3D printer. Setting the print parameters. Exporting a 3D modeled file to an STL file. Downloading the free version of the program and installing it on the appropriate platform - computer operating system. The working environment of the program. Menu bar. Choice of print profile. Options with support. Loading part - file. Option to save the file in the form of a recognizable printer (G-code) to the SD card. Option to share files over the Internet. Options for object rotation. Volume space and restricted zone options.
Lesson 8 (2 hours):

Title of the lesson: Print settings
Model rotation and platform plane selection. Selecting printers and adding new ones. Choice of filament - wire. Choice of nozzle diameter. Print head and platform temperature settings. Adding support. Determination of the scaling factor. Setting the number of first wall layers and wall thickness. The influence of the printing direction on the quality of the printed part. Filling of the inner layer. Setting the print speed. Generating the G-code and saving the file to the SD card.

Lesson 9 (8 hours):

Title of the lesson: Practical work - 3D printing of examples of machine parts
Practical work in the laboratory. Choice of 3 printers: Creality CR-10 S, Creality CR-10 S5 and Creality CRX. 

Practical work is carried out through the following stages: 

· Modeling of 3D parts in 3D modeling software - SolidWorks 

· Creation of STL file 

· Starting the printing software: Ultimaker Cura 

· Setting the print parameters 

· Creating G-code 

· Printing on different printers 
· Platform leveling 

· Spraying the platform 

· Observation of the first layer of the print 

· Monitoring the further flow of the press 

· Removing parts 

· Finishing as needed
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	Total number of hours of active teaching during the semester: 30

	Teaching methods

Lectures, exercises, practical work, simulations, consultations.

	Knowledge assessment (maximum number of points 100)

	Pre-exam obligations
	points
	Final exam
	points

	activity during the lecture
	5
	written part of the exam
	30

	practical work
	40
	oral part of the exam
	25

	colloquiums
	
	
	

	seminars
	
	
	


