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type:
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Pogoji za vkljucitev v delo oz. za Prerequisites:

opravljanje studijskih obveznosti:

Izpolnjevanje pogojev za vpis v
Visokosolski strokovni studijski program
I. stopnje Strojnistvo - Projektno
aplikativni program.

Vsebina:

1. Osnove tehnologij spajanja in
oblo¢nega varjenja;

- pomen tehnologij spajanja in vrste
tehnologij ter njihov vpliv na porabo
energije, emisije in trajnost izdelkov,

- delitev zvarnih spojev in lege pri
varjenju,

- varilni oblok, pihalni uc¢inek in
izkoristki pri oblocnem varjenju,

- viri varilnega toka.

2. Roc¢no oblo¢no varjenje, varjenje
pod praskom (EPP) in pod Zlindro (EPZ);
- principielne sheme postopkov in
stati¢ne karakteristike virov varilnega
obloka,

- varilni parametri in njihov izbor,

- dodajni in pomozni materiali,

- vrste zvarnih spojev, lege pri varjenju
in uporaba postopkov.

3. Varjenje v zasciti plinov (MIGMAG
in TIG) in varjenje z visoko gostoto
energije (plasma, laser in elektronski
snop);

- principielne sheme postopkov in
stati¢ne karakteristike virov varilnega
obloka,

- varilni parametri in njihov izbor,

- dodajni in pomozni materiali ter
lastnosti zasc¢itnih plinov, ki so

Meeting the enrollment conditions for
the MECHANICAL ENGINEERING -
Project Oriented Applied Programme.

Content (Syllabus outline):

1. Fundamentals of joining and arc
welding technologies;

- the importance and types of joining
technologies and their impact on energy
consumption, emissions and product
sustainability,

- welding joints and welding position
classification,

- welding arc, blowing effect and arc
welding efficiency,

- welding power sources.

2. Shielded metal arc welding,
submerged arc welding (SAW);

- schematic diagrams and static
characteristics of welding power
sources,

- welding parameters and their
selection,

- filler and auxiliary materials,

- weld types, welding positions and
applications.

3. Shielding gas welding (GMAW and
GTAW) and welding with high energy
density (plasma, laser and electron
beam);

- schematic diagrams and static
characteristics of welding power
sources,

- welding parameters and their



pomembne pri spajanju,

- lege pri varjenju, vrste zvarnih spojev
in uporaba postopkov.

4. Uporovno varjenje;

- principielne sheme postopkov:
toCkovno, bradavicno, socelno,
obzigalno, visokofrekvenc¢no;

- osnovni fizikalni principi,

- lastnosti elektrod za varjenje,

- vrste zvarnih spojev in posebnosti pri
varjenju razlicnih materialov ter uporaba
postopkov.

5. Varjenje s kemic¢no energijo in z
mehansko energijo;

- fizikalne osnove postopkov spajanja:
plamensko varjenje, aluminotermicno
varjenje, eksplozijsko varjenje, kovasko
varjenje, varjenje s trenjem, FSW,
ultrazvocéno varjenje, difuzijsko varjenje,
- nacini izvedbe spajanja,

- vrste zvarnih spojev in primernost
materialov,

- prednosti in omejitve ter uporaba
postopkov.

6. Spajkanje, lepljenje in hibridno
spajanje;

- osnovni fizikalni principi (omocljivost,
difuzija, kapilarni uc¢inek, povrsinska
napetost, adhezijske in kohezijske sile),
- delitve postopkov in nacini ogrevanja
pri spajkanju glede na razli¢ne vire
energije,

- vrste spojev, ki so primerne za te
nacine spajanja in lege pri varjenju,

- osnovni, dodajni materiali in pomozni
materiali ter lastnosti spojev,

- pomen priprave povrsin in uporaba
postopkov.

7. Tehnike mehanskega spajanja,
metalizacije in navarjanja ter 3D
navarjanje kovin za izboljSanje izkoristka
energije in surovin ter podaljSanje
trajnosti izdelkov;

- pregled in fizikalno ozadje postopkov
mehanskega spajanja: kovicenja,
samokovicenje, robljenje,

- delitev postopkov metalizacije,

- pregled in fizikalno ozadje postopkov
nabrizgavanja (plamensko, plazemsko,
lasersko), pregled in fizikalno ozadje
postopkov navarjanja,

selection,

- filler and auxiliary materials and
properties of the shielding gases
important in welding,

- welding positions, welding joints
types and applications.

4. Resistance welding;

- schematic diagrams of the process:
spot, projection, butt, flash, high
frequency;

- basic physical principles,

- welding electrode properties,

- welding joint types and special
features in welding different materials
and applications.

5. Welding with chemical energy and
mechanical energy;

- the physical basis of the joining
process: oxi-fuel welding,
aluminothermic welding, explosion
welding, forge welding, friction welding,
FSW, ultrasonic welding, diffusion
welding,

- ways of joining,

- welding joint types and the suitability
of the materials,

- advantages and limitations and
applications.

6. Soldering, adhesive bonding and
hybrid bonding;

- basic physical principles (wettability,
diffusion, capillary effect, surface
tension, adhesion and cohesion forces),
- the classification of processes and
the methods of heating during soldering,
- the welding joint types and welding
positions,

- basic, filler and auxiliary materials
and properties of welding joints,

- the importance of surface
preparation and applications.

7. Mechanical joining, metallization
and welding techniques and 3D weld
cladding to improve energy and raw
material efficiency and extend product
durability;

- overview and physical background of
mechanical joining processes: riveting,
self-riveting, roller hemming,

- metallization processes classification,
- overview and physical background of



- vrste in posebnosti spojev ter
lastnosti spojev in plasti,

- oprema za izvedbo spojev ter
uporaba postopkov mehanskega
spajanja, nabrizgavanja in navarjanja.
8. Tehnologije spajanja polimernih
materialov;

- delitev postopkov spajanja polimerov,
- posebnosti postopkov in fizikalno
ozadje nastanka spojev,

- vrste zvarnih spojev in lastnosti
mesta spajanja,

- prednosti in omejitve postopkov ter
varivost polimernih materialov,

- uporaba postopkov glede na
omejitve.

9. Osnove varivosti materialov;

- varivost jekel in barvnih kovin,

- ogljikov ekvivalent za jeklo, pomen
temperature predgrevanja in
medvarkovne temperature,

- TTT diagrami in hitrosti ohlajanja
Zvarov,

- Shaefflerjev diagram za nerjavno
jeklo,

- izbor dodajnih materialov in izbor
tehnologij za spajanje dolocenih
materialov in izdelkov,

- varivost razlicnih materialov med
sebaoj.

10. Toplotno rezanje materialov ter
mehanizacija in robotizacija varjenja s
trajnostnimi vidiki;

- fizikalno ozadje pri toplotnem rezanju
(plamensko, plazemsko in lasersko)
materialov,

- sheme robotskih in CNC sistemov za
varjenje in rezanje,

- pomozne naprave za varjenje
(vpenjalni sistemi, vrtljive mize, sistemi
za pozicioniranje, senzorji za uporabo v
varilstvu)

11. Osnove preoblikovanja in delitev
preoblikovalnih postopkov

- Koncepti postopkov preoblikovanja,
kljucne prednosti tehnologije

- Trajnostni vidiki postopkov
preoblikovanja, prednosti pred drugimi
izdelovalnimi tehnologijami

- Kljuci delitev preoblikovalnih
postopkov in predstavitve sistemov

the spraying processes (oxy-fuel,
plasma, laser), overview and physical
background of the welding operations,
- types and characteristics of joints
and properties of joints and layers,

- equipment for making joints and
applications of mechanical joining,
thermal spraying and weld cladding.

8. Joining technologies of polymers;

- classification of polymer joining
processes,

- the specificities of the procedures
and the physical background of the joint
formations,

- welding joints types and
characteristics of the joining area,

- advantages and limitations of
processes and weldability of polymers,
- applications and limitations of
processes.

9. Fundamentals of weldability of
materials;

- weldability of steels and non-ferrous
metals,

- carbon equivalent for steel, the
importance of preheating and interpass
temperature,

- TTT diagrams and weld cooling rates,
- Shaeffler diagram for stainless steel,
- the selection of filler materials and
joining technologies for materials and
products,

- weldability of dissimilar materials.
10. Thermal cutting of materials and
mechanization and robotization of
welding with sustainability aspects;

- physical background in thermal
cutting (oxy-fuel, plasma and laser) of
materials,

- schematics of the robotic and CNC
systems for welding and cutting,

- Welding auxiliaries (clamping
systems, rotary tables, positioning
systems, sensors for welding).

11. Fundamentals of forming and
division of forming processes

- Concepts of forming processes, key
advantages of the technology

- Sustainability aspects of forming
processes, advantages over other
manufacturing technologies



delitve na konkretnih industrijskih
primerih

- Opredelitev parametrov izbire
posamezne tehnologije preoblikovanja
- Primerjalno vrednotenje izbranih
tehnologij preoblikovanja in
konkurencnosti izdelkov narejenih z
razlicnimi izdelovalnimi procesi

12. Izbira postopka preoblikovanja
plocevinskih izdelkov

- Predstavitev glavnih postopkov
preoblikovanja plocevine; delitev glede
na napetostno-deformacijsko stanje v
materialu

- Predstavitev postopkov dodelave
preoblikovancev (vleCenje vratov,
uvaljanje navojev ...)

- Alternativni postopki preoblikovanja
plocevine (postopno preoblikovanje,
potisno oblikovanje, superplasti¢no
preoblikovanje, eksplozijsko
preoblikovanje, elektro-magnetno
preoblikovanje)

- Stancanje plo¢evinskih izdelkov v
vecstopenjskih orodjih

- Trajnostni vidiki preoblikovanja
plocevine

13. Opredelitev postopkov
preoblikovanja masivnih surovcev

- Delitev postopkov predelave masivnih
surovcev

- Priprava surovcev pred masivnim
preoblikovanjem

- Koncepti minimizacije mazanja in
izbire ekoloskih maziv

- Predstavitev glavnih skupin
postopkov (valjanje, iztiskavanje,
vlecCenje profilov in palic...)

14. Pregled postopkov preoblikovanja
polimerov

- Primerjava preoblikovanja kovinskih
in polimernih preoblikovancev

- Ekoloski vidiki ustrezne izbire
materiala izdelka

- Potrebni tehnoloski pogoji za
preoblikovanje polimernih materialov
glede na lastnosti posameznih skupin
polimerov (durpolasti, termoplasti)

- Predstavitev osnov glavnih postopkov
preoblikovanja polimernih materialov

- Opredelitev izbire tehnologije

- The keys to the division of forming
processes and the representation of
division systems in selected industrial
cases

- Definition of the parameters of the
selected forming technology

- Comparative evaluation of selected
technologies of forming and
competitiveness of products produced
by different manufacturing processes
12. Selection a process for the forming
of sheet metal products

- Presentation of the most important
sheet metal forming processes;
classification according to the stress-
strain state in the material

- Presentation of the processes for
finishing the workpieces (collar drawing,
thread rolling...)

- Alternative sheet metal forming
processes (incremental forming, flow
forming, superplastic forming, explosion
forming, electromagnetic forming)

- Stamping of sheet metal products in
multi-stage tools

- Sustainability aspects of sheet metal
forming

13. Definition of bulk forming processes
- Classification of the processing of
bulk materials

- Preparation of billets before bulk
forming

- Lubrication minimisation concepts
and selection of eco-friendly lubricants
- Presentation of the main process
groups (rolling, extrusion, drawing of
profiles and bars, etc.)

14. Overview of the polymer moulding
processes

- Comparison of metal and polymer
forming

- Ecological aspects of the appropriate
choice of product material

- The necessary technological
conditions for the forming of polymeric
materials according to the properties of
individual polymer groups (thermosets,
thermoplastics)

- Presentation of the basics of the main
processes of polymer material forming

- Definition of the selection of polymer



preoblikovanja polimerov glede na
oblikovno-mehanske zahteve izdelka
15. Oprema za izvedbo
preoblikovalnih postopkov

- Tipi¢ne potrebne karakteristike
opreme za izvedbo posameznih
preoblikovalnih postopkov

- Trajnostni vidiki uporabe
preoblikovalne opreme

- Klju¢ne lastnosti preoblikovalnih
orodij za velike, srednje in male serije
izdelkov

- Oprema za posluzevanje
preoblikovalnim strojem (velikoserijska
in maloserijska proizvodnja) in
minimiziranje okoljske obremenitve
proizvodnje s preoblikovanjem
materialov

Temeljna literatura in viri/Readings:

forming technology according to the
mechanical and shape requirements of
the product

15. Equipment for performing forming
operations

- Typical equipment characteristics
required to perform the individual
forming operations

- Sustainability aspects of the use of
forming equipment

- Key features of forming tools for
large, medium and small product series
- Equipment for handling the forming
machines (large- and small-scale
production) and minimising the
environmental impact of production by
forming materials
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Fakulteta za strojnistvo, 2014, [COBISS.SI-ID 282414848], ISBN - 978-961-

6536-75-2.

2. L. Jeffus: Welding: Principles and applications, 6th ed., Clifton Park, Thomson
Delmar Learning, 2008, [COBISS.SI-ID 29767429].

3. D. Klobcar: Tehnologije v proizvodnji 2 : gradivo za predavanja iz tehnologij
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letnik. Ljubljana: Fakulteta za strojnistvo, 202 Datoteka PDF (337 str.).

[COBISS.SI-ID 168891139]

4. Gologranc, F. (1987). Uvod v preoblikovanje (2. predelana in razsSirjena izd., str.
I1I, 180). Fakulteta za strojnistvo. http://www.dlib.si/details/URN:NBN:SI:doc-

VB7974G6, [COBISS.SI-ID 401413]

5. Metal forming handbook (str. XX, 563). (1998). Springer., [COBISS.SI-ID

18886917]

6. Anzel, 1., Bali¢, J., Blatnik, O., Cu$, F., Drstvensek, 1., Ficko, M., Herakovi¢, N.,
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(2010). Moderno proizvodno inzenirstvo: [priro¢nik] (str. XXXVI, 1251). Grafis

trade., [COBISS.SI-ID 244690944]

Cilji in kompetence:

Cilji:

Identificirati in izbirati procese
preoblikovanja in spajanja materialov

glede na zahtevane lastnosti materiala
izdelka in njegovih obremenitev.

Spoznati nacine za opredelitev in izbiro
osnovnih parametrov procesov spajanja

Objectives and competences:
Objectives:

Identification and selection the
processes of material transformation
and joining technologies according to
the required material properties of the
product and its loads.

Learn ways to define and choose the


https://plus.cobiss.net/cobiss/si/sl/bib/244690944
https://plus.cobiss.net/cobiss/si/sl/bib/18886917
https://plus.cobiss.net/cobiss/si/sl/bib/401413
https://plus.cobiss.net/cobiss/si/sl/bib/168891139
https://plus.cobiss.net/cobiss/si/sl/bib/29767429
https://plus.cobiss.net/cobiss/si/sl/bib/282414848

in preoblikovanja in izvedbe aplikativnih
tehnoloskih resitev.

Razumevati specifike procesov spajanja
materialov in preoblikovanja in njihovo
ustrezno umescanje v tehnologije
obstojecih proizvodnih procesov.

Spoznati ustrezne stroskovno-tehnolosko
ucinkovite izbire procesov
preoblikovanja in spajanja materialov.

OzaveScenost o pomenu pravilne izbire
izdelovalne tehnologije in njenem vplivu
na obremenitev okolja in trajnost
izdelka.

Kompetence:

Sposobnost identifikacije in izbire
procesa spajanja materialov in
preoblikovanja skladno z zahtevanimi
lastnostmi materiala izdelka in namena
uporabe (S1-PAP+P3-PAP)

Sposobnost opredelitve osnovnih
tehnoloskih parametrov posameznega
procesa spajanja materialov in
preoblikovanja (S13-PAP+P8-PAP)

Sposobnost umestitve procesa
preoblikovanja in spajanja materialov v
tehnoloski proces proizvodnje (S7-
PAP+P9-PAP)

Sposobnost ovrednotenja primernosti
uporabe procesov spajanja materialov
in/ali preoblikovanja skladno z velikostjo
serije izdelave (S12-PAP+P9-PAP)

Predvideni Studijski rezultati:
Znanja:

Poglobljeno strokovno teoreti¢no in
prakticno znanje na podroc¢ju tehnologij
spajanja in preoblikovanja materialov,
podprto s Sirso teoreticno in
metodolosko osnovo.

basic parameters of joining and
transformation processes and
implementions of applied technological
solutions.

Understand the specifics of materials
joining and transformation processes
and their proper placement in the
technologies of existing production
processes.

Learn the appropriate cost-
technologically efficient choices of
processes of material transformation
and joining.

Awareness of the importance of the
correct choice of manufacturing
technology and its impact on
environmental pollution and product
sustainability.

Competencies:

Ability to identify and select the process
of material joining and transformation
according to the required material
properties of the product and the
intended use (S1-PAP + P3-PAP)

Ability to define the basic technological

parameters of each material joining and
transformation process (S13-PAP + P8-

PAP)

Ability to integrate the process of
transformation and joining of materials
in the technological process of
production (S7-PAP + P9-PAP)

Ability to evaluate the suitability of the
use of material joining and / or
transformation processes according to
the batch size of manufacture (S12-PAP
+ P9-PAP)

Intended learning outcomes:
Knowledge:

In-depth professional theoretical and
practical knowledge in the field of

materials joining and transformation
technologies, supported by a broader
theoretical and methodological basis.



Spretnosti:

S1.1 Izvajanje kompleksnih operativno-
strokovnih opravil s podrocja tehnologij
spajanja in preoblikovanja kovinskih in
nekovinskih materialov, ki vkljucujejo
tudi uporabo metodoloskih orodij in
modelov.

S1.2 Obvladovanje zahtevnih,
kompleksnih delovnih procesov ob
samostojni uporabi znanja s podrocja
tehnologij spajanja in preoblikovanja
materialov v novih delovnih situacijah.

Metode poucevanja in ucenja:
Klasi¢ne oblike poucevanja:

P1 Avditorna predavanja z reSevanjem
izbranih - za podrocje znacilnih -
teoreticnih in prakticno uporabnih
primerov.

P3 Avditorne vaje, kjer se teoreticno
znanje s predavanj podkrepi z
racunskimi primeri.

P5 Uporaba Studijskega gradiva v obliki:

knjige, e-verzija predstavitve predavanj.
Moderne in prozne oblike poucevanja:
P6 Interaktivna predavanja

P7 Studij literature in razprava

P8 Izdelava in predstavitev aplikativnih
seminarskih nalog

P10 Uporaba anket v realnem casu

P15 Uporaba video vsebin kot priprava
na predavanja in vaje

P16 Vkljucitev fizicnih demonstracij na
predavanjih za povecanje motivacije in
zbranosti

Skills:

S1.1 Performing complex operational
and technical tasks in the field of joining
and transformation technologies of
metallic and non-metallic materials,
which also include the use of
methodological tools and models.

S1.2 Mastering difficult, complex
workflows with the independent use of
knowledge in the field of joining and
material transformation technologies in
new work situations.

Learning and teaching methods:
Classical forms of teaching:

P1 Lectures by solving selected - typical
for the field - theoretical and practical
examples.

P3 Practical classes where theoretical
knowledge from lectures is supported by
computational examples.

P5 Use of study materials in the form of:
books, e-version of lecture presentation.

Modern and flexible forms of teaching:
P6 Interactive Lectures
P7 Literature studies and discussion

P8 Design and presentation of applied
seminar papers

P10 Use of instant real-time surveys

P15 Use video content to prepare for
lectures and tutorials

P16 Include physical demonstrations on
lectures to increase motivation and
focus

Nacini ocenjevanja: Delez/ Assessment:

Weight
Teoreticne vsebine (predavanja). 60,00 % Theoretical content (lectures).
Delo na laboratorijskih vajah 40,00 % Laboratory work (including

(vkljucéno s porocili).

reports).



Ocenjevalna lestvica: Grading system:

5 -

10, pri cemer velja, da je pozitivna 5-10, a student passes the exam if he is

ocena od 6 - 10 graded from 6 to 10
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