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	Cilj predmeta

Upoznavanje studenata sa osnovama tehnologije zavarivanja, konvencionalnim i nekonvencionalnim postupcima zavarivanja, izbor odgovarajućeg postupka zavarivanja i parametara zavarivanja za različite tipove spojeva i položaj zavarivanja, a saglasno materijalima koji se zavaruju. Predmet izučava teorijsku i praktičnu primenu tehnologije zavarivanja.

	Ishod predmeta 

Student poseduje osnovna teorijska i praktična znanja o konvencionalnim i nekonvencionalnim postupcima zavarivanja i njihovoj primeni na materijalima koji se najčešće koriste u industriji.

	Sadržaj predmeta

Lekcija 1 (2 časa): 

Naziv lekcije: Fizički osnovi zavarivanja, elementi zavarenog spoja i položaji zavarivanja
Slušaoci kursa se upoznaju sa: Osnovama Tehnologije zavarivanja, Fizičkim osnovama zavarivanja pritiskom i zavarivanja topljenjem (gde se koristi samo toplotna energija nastaje lokalno topljenje metala i obrazovanje zajedničke metalne kupke od rastopljenog osnovnog i dodatnog materijala), Klasifikacijom postupaka zavarivanja, Osnovnim pojmovima u zavarivanju, Označavanjem i predstavljanjem zavarenih spojeva na crtežima.
Lekcija 2 (2 časa): 

Naziv lekcije: Gasno zavarivanje
Postupak gasnog zavarivanja. Gasni plamen i gorivi gasovi, osobine i primena. Plamen acetilen-kiseonik. Aparatura za zavarivanje. Dodatni materijali i topitelji. Tehnologija gasnog zavarivanja.
Lekcija 3 (  2 časa): 

Naziv lekcije:Zavarivanje električnim lukom
Zavarivački luk. Jednosmerna struja-polarnost luka. Naizmenična struja. Prenos dodatnog materijala kroz električni luk. 
Lekcija 4 (3 časa): 

Naziv lekcije: Ručno-elektrolučno zavarivanje (REL ili E POSTUPAK)
Električni luk. Prenos dodatnog materijala kroz električni luk. Vrste i izvori električne struje za zavarivanje. REL zavarivanje obloženim elektrodama. Tehnologija zavarivanja. Tehnike zavarivanja.
Lekcija 5 (2 časa):  

Naziv lekcije: Zavarivanje pod praškom (EPP)
Osnovni pricipi. Prenos dodatnog materijala. Vrste i izvori struje. Uređaji za EPP zavarivanje. Osnovni i dodatni materijali. Tehnologija zavarivanja. Tehnika zavarivanja. 
Lekcija 6 (3 časa):  

Naziv lekcije: MIG/MAG postupci zavarivanja
Osnovne karakteristike MIG/MAG postupka zavarivanja. Zaštitni gasovi kod MIG/MAG zavarivanja. Izvori struje za MIG/MAG zavarivanje. Žice za MIG/MAG zavarivanje. Zavarivanje u kratkom spoju. Zavarivanje u spreju. Zavarivanje krupno kapljičastim/globularnim transferom. Zavarivanje pulsnim režimom. Zavarivanje rotirajućim lukom. Modifikovani kratak spoj za zavarivanje korenog prolaza kod cevi vertikalno nadole (tzv „koreni program“ ili „program za provar“). Program COLD. Brzi puls (High Speed Puls). Dupli puls. „Brzi sprej“. „Brzi kratak spoj“. Program SPEED. Program FORCE. AC MIG zavarivanje. 
Lekcija 7 (2 časa):  

Naziv lekcije: TIG zavarivanje
Proces TIG zavarivanja. Aparat za zavarivanje. Gorionik za TIG zavarivanje. Elektrode. Zaštitni gasovi za TIG zavarivanje. TIG postupak zavarivanja vrućom žicom (HOT WIRE). TIP –TIG postupak zavarivanja hladnom žicom (COLD WIRE). Prednosti i mane TIG zavarivanja.
Lekcija 8 (2 časa):  

Naziv lekcije: Zavarivanje električnim otporom
Elektrootporno tačkasto zavarivanje. Uređaji i elektrode za elektrootporno tačkasto zavarivanje. Parametri tačkastog zavarivanja. Ređimi zavarivanja. Elektrootporno šavno zavarivanje. Elektrootporno bradavičasto zavarivanje. Elektrootporno sučeono zavarivanje zbijanjem. Elektrootporno sučeono zavarivanje varničenjem. 

Lekcija 9 i 10 (3 časa):  

Naziv lekcije: Ostali postupci zavarivanja
Zavarivanje plazmom. Zavarivanje elektronskim snopom. Zavarivanje laserom. Aluminotermitsko zavarivanje. 
Lekcija 11 (2 časa):  

Naziv lekcije: Rezanje i postupci pripreme ivica
Gasno rezanje. Elektrolučno rezanje. Rezanje plazmom. Rezanje laserom. 
Lekcija 12 (2 časa):  

Naziv lekcije: Navarivanje i metalizacija
Postupci navarivanja i priprema. Tvrdo navarivanje. Tehnike navarivanja. Tehnologija navarivanja.  Metalizacija. Gasna metalizacija. Metalizacija električnim lukom. Visokobrzinska gasna metalizacija (high velocity oxy-fuel – HVOF). Plazma postupak. Metalizacija detonacionim postupkom. 
Lekcija 13 (3 časa):  

Naziv lekcije: Potpuno mehanizovani postupci i robotika
Ciljevi automatizacije. Prevrtači/Pozicioneri. Okretaljke. Manipulatori. Specjalizovani uređaji za zavarivanje. Roboti.
Lekcija 14 (2 časa):  

Naziv lekcije: Postupci spajanja novih materijala
Postupci spajanja kompozitnih materijala. Postupci spajanja keramike.
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	Ukupan broj časova aktivne nastave u toku semestra: 30

	Metode izvođenja nastave

Predavanja, vežbe, praktična nastava, konsultacije.

	Ocena  znanja (maksimalni broj poena 100)

	Predispitne obaveze
	poena
	Završni ispit 
	poena

	aktivnost u toku predavanja
	5
	pismeni ispit
	30

	praktična nastava
	35
	usmeni ispt
	30

	kolokvijum-i
	
	
	

	seminar-i
	
	
	


Verzija na engleskom
	Study Programme: KALCEA

	Course title: Welding technology

	Teacher: Ivica Čamagić, Živče Šarkoćević

	Course status: Optional

	ECTS credit points: 3

	Condition for listening the course: Does not exist.

	Objective of the course

Introduction of students with the basics of welding technology, conventional and non-conventional welding procedures, selection of the appropriate welding procedure and welding parameters for different types of joints and welding position according to the materials to be welded. The subject studies the theoretical and practical application of welding technology.

	Outcome of the case

The student has basic theoretical and practical knowledge about conventional and non-conventional welding procedures and their application on materials that are most commonly used in industry.

	Course content

Lesson 1 (2 hours):

Lesson title: Physical basics of welding, welded joint elements and welding positions
The students of the course get acquainted with the basics of welding technology. The physical principles of pressure welding and fusion welding, where only thermal energy is used, result in the local melting of metals and the formation of a common metal bath from molten basic and additional material. Classification of welding procedures. Basic terms in welding. Marking and presentation of welded joints on drawings.
Lesson 2 (2 hours):

Lesson title: Gas welding

Gas welding procedure. Gas flame and fuel gases properties and application. Acetylene-oxygen flame. Welding equipment. Additional materials and solvents. Gas welding technology.
Lesson 3 (2 hours):

Lesson title: Electric arc welding

Welding arc. Direct current-arc polarity. Alternating current. Transfer of additional material through the electric arc.
Lesson 4 (3 hours):

Lesson title: Manual arc welding (REL or E PROCEDURE)
Electric arc. Transfer of additional material through the electric arc. Types and sources of electric current for welding. REL welding with coated electrodes. Welding technology. Welding technique.
Lesson 5 (2 hours):

Lesson title: Welding powder (EPP)
Basic principles. Transfer of additional material. Types and sources of electricity. Devices for EPP welding. Basic and additional materials. Welding technology. Welding technique.
Lesson 6 (2 hours):

Lesson title: MIG/MAG welding procedures 

Basic characteristics of the MIG/MAG welding process. Shielding gases in MIG/MAG welding. Current sources for MIG/MAG welding. Wires for MIG/MAG welding. Welding in short circuit. Spray welding. Welding with large droplet / globular transfer. Welding with pulse mode. Rotary arc welding. Modified short joint for welding the root passage of the pipe vertically downwards (the so-called "root program"). Program COLD. High Speed Pulse. Double pulse. "Quick Spray". "Quick Short Circuit". SPEED program. FORCE program. AC MIG welding.
Lesson 7 (2 hours):

Title of the lesson: TIG welding

TIG welding process. Blowtorch. Torch for TIG welding. Electrodes. Shielding gases for TIG welding. TIG hot wire welding procedure (HOT WIRE). TYPE – TIG welding procedure with cold wire (COLD WIRE). Advantages and disadvantages of TIG welding.
Lesson 8 (2 hours):

Title of the lesson: Electric resistance welding
Electric resistance spot welding. Devices and electrodes for electric resistance spot welding. Spot welding parameters. Welding methods. Electro-resistant seam welding. Electric resistance butt welding. Electro-resistance butt-welding by compaction. Electric resistance spark welding.
Lesson 9-10 (3 hours):

Title of the lesson: TIG welding
TIG welding process. Blowtorch. Torch for TIG welding. Electrodes. Shielding gases for TIG welding. TIG hot wire welding procedure (HOT WIRE). TYPE – TIG welding procedure with cold wire (COLD WIRE). Advantages and disadvantages of TIG welding
Lesson 11 (2 hours):

Title of the lesson: Cutting and edge preparation procedures
Gas cutting. Electric arc cutting. Plasma cutting. Laser cutting.
Lesson 12 (2 hours):

Title of the lesson: Welding and metallization

Procedures of brazing and preparation. Hard pretending. Techniques of surfacing. Surfacing technology. Metallization. Gas metallization. Electric arc metallization. High velocity gas metallization (high velocity oxy-fuel – HVOF). Plasma procedure. Metallization by detonation process.
Lesson 13 (2 hours):

Title of the lesson: Fully mechanized procedures and robotics
Automation goals. Turners/Positioners. Turntables. Manipulators. Specialized welding devices. Robots.
Lesson 14 (2 hours):

Title of the lesson: Procedures for joining new materials
Procedures for joining composite materials. Ceramic joining procedure.
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	Total number of hours of active teaching during the semester: 30

	Teaching methods

Lectures, exercises, practical classes, 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
	35
	oral part of the exam
	30

	colloquiums
	
	
	

	seminars
	
	
	


